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“GAS PLANT TROUBLESHOOTING”

1:Introduction:
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Carbon steel pipelines are the main material choice for both offshore and onshore oilfield
production to transport crude oil and gas from well to different separating units. In-service
integrity of the pipelines is very important to ensure a safe working environment and continuous
production. Unfortunately internal corrosion of carbon steel pipelines is reported frequently in oil
and gas production. According to Nyberg, internal corrosion in wells and pipelines is influenced
by many factors such as temperature, CO2 and H2S content, water chemistry, flow velocity, oil
or water wetting, composition of the steel, and the surface condition of the steel. The

interdependent parameters that influence CO2 corrosion are shown in Figure 1.1.

Hear, we will discuss about the real scenario of Gas Plant Troubleshooting. After starting the
plant, in onshore facility, we are receiving the gas along with water, we call it sour water because
it contains H2S. Then we start getting issues after few years of start-up, we came to know water
coming along with gas is containing much calcium and some other salts, which are attacking the
metallurgy of the pipes impacting bad effect. We found corrosion at many places, which is
mainly hydrocarbon condensate with water. We found corrosion at compressor side, suction
drum, suction pipe and overhead stripper column. Stripper we are using to strip-out light

hydrocarbon liquid. Overhead line we came to know, it is totally attacked with corrosion.

After findings, analyzing, troubleshooting and research work, it was decided and replaced
with upgraded metallurgy. So many other places because of that salts, which is coming along
with water is the main cause of corrosion. Engineering start studies on this in order to eliminate
from the source in upstream unit, try to segregate water from gas in upstream & treated in to sour

water treated unit rather than to pass it to the stabilization unit & pass through the other unit

which is immediately impacting the metallurgy.
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The aim of this work is to describe, analyze and rectification of corrosion problem in Gas

plant. Corrosion phenomena and factors influencing them are discussed as well corrosion control
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Figure 1.1: Independent Parameter that influence corrosion

and monitoring methods are illustrated. Corrosion management play vital role in solving the
corrosion problems. Metallic equipment and constructions in the Oil & Gas plant contact
natural gas, liquid hydrocarbon along with water and soil. All the processes with participation
of aggressive substances occur in metallic equipment at reactive temperature and pressure. Oil

& Gas plant units represent a high hazard industry with media which are flammable, explosive,
3
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toxic tothe human health or harmful to theenvironment. The combination of numerous factor

: makes plant equipment very vulnerable to a variety of corrosion phenomena that can leads to

serious accident.

On the one hand Oil & Gas industry has accumulated large experience, on the other hand
i development and production of new deep well in harsh condition, introduction of new

technology, materials, strict requirement of gas and fuels, and the reduction of the environment

pollution state new problems to safe functioning of equipment and construction. In order to
understand and to solve corrosion problem, corrosion and material specialist should learn diverse
physicochemical processes which are the basis of treatment oil & gas, production of fuel and
other chemicals. There are many way to avoid or control corrosion hazard: selection of corrosion
resistance or suitable materials, correct design, use of anti-corrosive chemicals, coating, cathodic
protection, control of technological parameters, and the most important is inspecting and control

at all stage of application of these actions.

Compound/ lons Name Present in Bottom | Present at Top
CO,, aqueous dissolved CO;, 4/ v
H,COs carbonic acid N \
co:? carbonate ion N, v
L‘ HCOy bicarbonate ion V \
H hydrogen ion N \
OH hydroxide ion N v
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Fe* iron ion V

Cr chloride ion \
Na* Sodium ion V

K" Potassium ion Xt
Ca®* Calcium ion |
Mg Magnesium ion \
Ba** Barium ion vV
g Strontium ion \’
CH;COOH Acetic acid v
CH;COO Acetate ion v
H,S, aqueous Dissolved hydrogen sulphide V
HS Bisulphide ion V

s* Sulphide ion vV
HSO* Bisulphate ion v
S0,™ Sulphate ion N

Table 1.1: Species Present in the Pipelines
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Corrosion management of all facilities used in oil and gas is expected to form part of the
overall management system which includes the development, implementation, review, and
maintenance of corrosion policy. CO>and H,Sgases are both common natural gas contaminants
present in oil reservoirs which can be highly corrosive in combination with water. Metal
dissolution is drastically reduced whenever there is formation of corrosion products on the metal
surface which prevent the metal surface from direct contact with corrosive gases or solution. At
high temperature, a more dense and protective corrosion product film of irc;n carbonate (FeCO5)
is precipitated on the surface of the metal, and this will reduce the corrosion rate but when H,Sis
present in addition to CO,, iron sulphide (FeS) may be formed instead of FeCOsat low
temperature because FeSis thermodynamically more stable than FeCOj3. In wet gas and stratified
flow, water vapour (saturated with gases such as C0,and H,S) in the gas phase condenses on the
pipe wall when the environment outside the pipeline is cooler than the saturated vapour flowing
inside the pipe resulting in top-of-the-line corrosion (TLC). Basically, a high drop in temperature
at the pipe wall results in the formation and precipitation of liquid water at a very high rate which
will wet the inner wall of the pipe resulting in corrosion at the wall surface in combination with
other corrosive gases. In simple terms, TLCoccurs in oil and gas pipelines due to the
condensation of water (containing dissolved corrosive gases) on the pipe wall typically in the
vapour phase close to the 12 o’ clock position. TLCis a significant problem in wet gas pipelines
because of the difficulty in identifying it by conventional monitoring methods. Table 1.1 shows
the typical species that are present in pipelines both at the bottom and top of the line. It is evident
from the table that the chemical compositions of condensed water are different from the

formation water at the bottom of the line (BOL). This is an indication that only volatile species

and their derivatives are present atTOL.
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1.1: Overview:

After plant start-up in onshore facility, we are receiving the gas, hydrocarbon liquid along
with water, we call it sour water because it contains H2S. Then we start getting issues after few
years of start-up, we came to know water coming along with gas is containing much calcium and
some other salts, which are attacking the metallurgy of the pipes impacting bad effect. We found
corrosion at many places, which is mainly hydrocarbon condensate with water. We found
corrosion at compressor side, suction drum, suction pipe and overhead stripper column, Stripper
we are using to strip-out light hydrocarbon liquid. Stripper overhead line we came to know, it is
totally attacked with corrosion.Our offshore platform designed to be unmanned, to be controlled
& manipulating, checked from onshore control room. There is not any kind of separation on the
platform itself. The water along with the hydrocarbon condensate and gas coming out from the
wells to the common header and then to the reception facility of onshore. Offshore platform just
pumping out the gas along with condensate and water to the onshore reception facility. We are
separating and treating these kind of things in onshore, whatever mud, sludge, sour water,
anything coming is to be treated in the onshore.We have got some kind of pin hole in the pipe,
when we came to know, we have taken some measures, we have done UT scanning and we
found thickness loss much as compare to its original state. Then we start taking some measures
at many places to identify the healthiness of the plant. We have done UT scanning at many
places. We have done the sampling from the gas line, water side and condensate side & it is
proven that salts are there in the lab result. These equipment are not designed initially to handle

these types of salts.

Opening the equipment it self like knock-out drum of the compressor have proven that
from photo, UT scanning, the pitting is there, metals are badly corroded. And it was very clear

that is along with salts in the streams.
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Engineering start studies on this in order to eliminate from the source in upstream unit,
try to segregate water from gas in upstream & treated in to sour water treated unit rather than to
pass it to the stabilization unit & pass through the other unit which is immediately impacting the
metallurgy.Then it was replaced with upgraded metallurgy. So many other places because of that
salts, which is coming along with water is the main cause of corrosion. Engineering start studies
on this in order to eliminate from the source in upstream unit, try to segregate water from gas in
upstream & treated in to sour water treated unit rather than to pass it to the stabilization unit &

pass through the other unit which is immediately impacting the metallurgy.
1.2: Background of Study:

Initial design of our offshore platform designed to be unmanned, to be controlled &
manipulating, checked from onshore control room. There is not any kind of separation on the
platform itself. The gas along with the hydrocarbon liquid condensate and water coming out
from the wells to the common header and then to the reception facility of onshore. Offshore
platform just pumping out the gas along with condensate and water to the onshore reception
facility. We are separating and treating these kind of things in onshore, whatever mud, sludge,
sour water, anything coming is to be treated in the onshore. This water, we called it sour water
containing H2S and salts. After passing the years, started facing some issues of corrosion during

any maintenance work. Following is the way to influence of corrosion in to the system.
1.3: Problem Statement:

In the problem statement, we will discuss about, how’s the issues of water discovered and

how the problem was mentioned?
We have got some kind of pin hole in the pipe, when we came to know, we have taken
some measures, we have done UT scanning and we found thickness loss much as compare to its

8
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original state. Then we start taking some measures at many places to identify the healthiness of
the plant. We have done UT scanning at many places. We have done the sampling from the gas
line, water side and condensate side &it is proven that salts are there in the lab result. These

equipment are not designed initially to handle these types of salts.

Opening the equipment it self like knock-out drum of the compressor have proven that
from photo, UT scanning, the pitting is there, metals are badly corroded. And it was very clear

that is along with salts in the streams.
1.4: Objective:

Objective is to describe, analyze and rectification of corrosion problem in Gas plant,
elimination of the salts content from the gas and hydrocarbon condensate completely from the
source itself in upstream unit, try to segregate water from gas in upstream & treated in to sour
water treatment unit rather than to pass it to the stabilization unit & pass through the other unit

which is immediately impacting the metallurgy.
1.5: Research hypothesis:

After few years of starting of the plant, we start getting issues in the plant, we came to
know water coming along with gas is containing much calcium and some other salts, which are

attacking the metallurgy of the pipes impacting bad effect.

We have started taken several measure like UT scanning on many places, sampling from

the gas, water and condensate side and we came to know because of salt content in the water.

We found corrosion at many places, which is mainly hydrocarbon condensate with water

facilities. We found corrosion at compressor side, suction drum, suction pipe and overhead

CENTER OF CONTINUING EDUCATION
UNIVERSITY OF PETROLEUM & ENERGY STUDIES, DEHRADUN




UPES

CENTRE FOR CONTINUING EDUCATION

stripper column. Stripper we are using to strip-out light hydrocarbon liquid. Overhead line we

came to know, it is totally attacked with corrosion.

Engineering start studies on this in order to eliminate from the source in upstream unit,
try to segregate water from gas in upstream & treated in to sour water treatment unit rather than
to pass it to the stabilization unit & pass through the other unit which is immediately impacting

the metallurgy.

Following methods being used to identify the issues, root cause of the problem and to eliminate

the issues:

UT Scanning: UT scanning being conducted at many places to identify the thickness of

the pipes and equipment.

Sampling:Sampling taken from the many places, for the gas, sour water and hydrocarbon

condensate side.

Inspection of Equipment: Opening of the equipmentitself like Compressor, suction

knock-out drum of compressor, stripper column, column overhead lines etc.

Elimination: Elimination by replacing the lines with upgraded metallurgy, which can

handle these types of salts.

10
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2:Literature Review:

Initiallyour offshore platform designed to be unmanned, to be controlled & manipulating,
checked from onshore control room. There is not any kind of separation on the platform itself.
The gas along with the hydrocarbon liquid condensate and water coming out from the wells to
the common header and then to the reception facility of onshore. Offshore platform just pumping
out the gas along with condensate and water to the onshore reception facility. We are separating
and treating these kind of things in onshore, whatever mud, sludge, sour water, anything coming
is to be treated in the onshore. This water, we called it sour water containing HoS and salts. After
passing the years, started facing some issues of corrosion during any maintenance work.

Following is the way to influence of corrosion in to the system.

2.1: Effect of de-aeration and Chloride ion concentration on Carbon Steel

Corrosion:

This preliminary study was introduced to understand the carbon steel corrosion in
different chloride ion and oxygen concentrations. Many oil & gas reservoirs contain large
amounts of brine which are trapped in sediment pores. It has been reported that the chloride
concentration of produced brine during oil and gas production could be as high as 50,000mg/L.
The presence of chloride ions in the formation water poses significant corrosion problems during
drilling during oil and gas production. Other reports also confirmed that chloride ions are the
main cause of carbon steel pipeline corrosion. Cheng et al also explained that chloride ions
increased the electrolyte conductivity which invariably increases the dissolution rate. Most of the
formation water in sweet (CO,) wells also contain different varieties of salts and carbonate ions
at different concentration which could pose corrosion threats with the exception of carbonate
ions which can form an adherent protective scale on metal surface. The solubility of oxygen at

room temperature (~20°C) in water is about 8ppm. The focus of this section is to understand the

11
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effect of chloride ion concentrations on carbon steel corrosion. Likewise, investigation of the
mechanism of carbon steel corrosion at different de-aeration time was introduced. It is also
important to know that de-aeration (using Npgas) is necessary (in the laboratory) before
saturating the environment with CO»gas. However, CO,gas was not introduced in both cases so

that the presence of COgas would not influence the corrosionprocess.

This was carried out via immersion tests, which subsequently are denoted as ‘bottom of the line’
corrosion test. Riser pipelines are almost éxclusively constructed of carbon steel for both onshore
and offshore applications. Corrosion (metal loss) of the pipelines is due to oxidation of iron
- (Equation 2.1) on the metal surface to give ferrous ions which goes into solution while the

electrons are consumed by a cathodic reaction, depending upon solution pH(Equations 2.2 and
2.3)

Fe — FeZ+ + 2e- 2.1
Oz + 2H20 +4e'—40H-(Near neutral solution) 2.2
2H+ + 2e~— Hz(Acidic solution) 2.3

The rate of the reduction reaction is limited by the reactant concentrations present in the

environment. Carbon steel always experiences unacceptable corrosion rates in the presence of

dissolved oxygen and chloride ions.

2.1.1: Sample Preparation:

Sample preparation for both experiments is the same and is summarized in Table 2.1. The
material used as working electrode for both experiments is carbon steel rod from a parent
material BS970 supplied by Merseyside Metal Services Ltd. UK, and its chemical composition is

shown in Table 2.1. The cylindrical rod is cut into test sample with working area of 0.283cm?,

12
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and it is spot-weld using copper wire at the opposite side that would be exposed to the
electrolyte. Opposite end of the copper wire used for the spot-weld will serve as a point of
connect for the electrochemical measurements insulated by 8mm PVC tube. The sample is put in
a 30mm acrylic mould and filled it up with araldite resin and araldite hardener in ratio 11/1, and
left for 24hrs for complete curing. Thereafter, the surface of the working electrode were
mechanically polished using silicon carbide papers of grades: 320, 400, 600, 800, 1200, 2400,
and 4000 in order to remove oxide/scale from the surface and achieve a mirror surface with no
scratches, then rinsed with ethanol and air dried. Saturated calomel electrode and platinum

electrode were used as reference and counter electrode respectively.

C (%) Si (%) Mn (%) P (%) S (%) Fe (%)

0.170 0.200 0.780 0.020 0.023 Bal

Table 2.1: Chemical composition of carbon steel rod used in working electrode:

2.1.2: Solution Preparation for the Effect of Chloride Concentration:

The experiment is also carried out in a 1L glass cell, Different concentrations of sodium
chloride (NaCl) salt; 0.0585% (0.01M), 0.3% (0.05M), 3.5% (0.6M), 5.8% (1M), and 10%
(1.7M) NaCl was added to make up the 1L solution of the electrolyte used for each experiment.
Likewise, the solution was thoroughly mixed using a magnetic stirrer to dissolve the high
concentration of salt in each solution, and maintained at room temperature all through the
experiment. The experiment is an open system to allow the electrolyte to be saturated with

dissolved oxygen to simulate seawater corrosion. Electrochemical measurements were used to

determine the corrosionrates.

2.1.3: Result and Discussion:
The free corrosion potential (Ecorr) of each sample was conducted for a period of 2hrs.
13

CENTER OF CONTINUING EDUCATION
UNIVERSITY OF PETROLEUM & ENERGY STUDIES, DEHRADUN




UPES

CENTRE FOR CONTINUING EDUCATION

The Ecorrshowed a downward shift of the equilibrium potential (more negative values) as the de-
aeration time increased. The results of the potentiodynamic polarization also indicated a similar
downward shift of the corrosion (equilibrium) potential, E¢orras the de-aeration time increased.
The anodic metal dissolution reaction (Equation 2.1) showed a significant shift of Tafel slope to
the right after 30mins de-aeration but then remains almost the same thereafter. The anodic
reaction is a charge transfer control. It can be established that there is high rate of metal
dissolution below 30mins de-aeration time because the concentration of oxygen at this
temperature is assumed to be close to 8ppm (the maximum oxygen solubility in water at this
temperature), and above 30mins de-aeration time, the concentration of oxygen is much less. The
cathodic Tafel slope also shown a significant shift to the left (indicated reduced corrosion rate)
with low corrosion current density, icorr, but gradually reduced thereafter. The simple
interpretation of the curve is that the concentration of oxygen in the electrolyte has been reduced
to below 100ppb after 1hr de-aeration. The icorralso shifted to the left after 30mins de-aeration
which is an indication of reduction in corrosion rate. The cathodic Tafel slope can also be used to
interpret the mechanism of corrosion that take place during the de-aeration process. The

mechanism of corrosion changes from mass transfer control oxygen reduction reaction (Equation

2.2) to water reduction reaction (Equation 3.4) as the cathodicreaction
2H20 + 2e- » Hz + OH- 2.4

The metal will corrode in the active state followed by hydrolysis to form Fe(OH)2 as shown

in equation 2.5 and 2.6.

Fe — Fe?t + 2e- 25
Fe2+ + H20 — Fe(OH)z + 2H* 2.6

14
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The results of the electrochemical impedance spectroscopy (EIS) gave more
understanding of the mechanism of corrosion of mild steel during the de-aeration process. The
results showed one time constant which related to the corrosion process at the metal/electrolyte
interface. The solution resistance significantly decreased after 30mins de-aeration and almost the
same thereafter. This might probably due to low ionic conductivity of oxygen in solution. The
comprehensive impedance data obtained are presented in Table 2.1. It is evident from the table
that polarization resistance, Rpvalue increases with de-aeration time which is an indication of
reduction in corrosion rate. The result also indicated that the removal of oxygen changed the
mechanism of the electrochemical process to water reduction reaction. Both graphs also showed
increase in polarization resistance as the de-aeration time increase; indicating a corresponding
decrease in corrosion rate. EIS reproducibility results for 12hrs de- aeration data. Phase shift the
impedance is primarily resistance above 100Hz and primarily capacitance below 100Hz with
maximum values of 60°and 46° recorded at intermediate and low frequencies respectively. It
isalso evident from the phase shift plot that the solution resistance, Rsdecrease with de-aeration
time while Rpand values increased with de-aeration time. The ‘n’ values in all cases are close to
unity which shows that the impedance of CPE is capacitor but decrease with de-aeration time.
The plot of the variation of corrosion rate with de-aeration time was a drastic reduction in

corrosion rate after 30mins de-aeration, and gradually reducedthereafter.

2.2:Influence of temperature on corrosion in natural gas systems:

Temperature and pressure affect the number of phases (liquid, gas, solid) which in turn can cause
extraordinary corrosion. Temperature rise accelerates the rates of electrochemical corrosion
reactions and the transfer of participants: aggressive substances to the surface ofmetals and

corrosion products from the surface to the environment. Increase of temperature causes a

15
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decrease of pH of water. As a result, corrosion rate should go up with the increase in
temperature. On the other side, solubility of aggressive gases (H2S, O,, and CO,) decreaseswith
increase of temperature. Therefore, temperature has complicated effect on corrosion rates. Up to
a certain temperature, corrosion rate increases with increase of temperature. After a certain
temperature, corrosion rate decreases due to the reduction of corrosive gasessolubility in aqueous
solutions. Usually maximum is at 60-80°C depending on the chemical composition of the liquid
phase. In addition to this, temperature increases the rate of sedimentation and the formation of a

protective FeCO3 film.

2.3: The effect of flow rate on corrosion in natural gas systems:

Flow regime and flow rate affect the corrosion significantly. The increase in flow rate defines the
coming of aggressive substances to metal surface, removing corrosion products and protective
layers (such as corrosion inhibitors and FeCOs). As a result, corrosion rate increases. For
example, increase of flow rate from 1 to 10 m/s causes increase of corrosion rate from 1 to 3
mm/y in aqueous solution containing CO; (1bar and 20°C) in the absence of protective layer
FeCOs;. The flow effect occurs especially in interferences such as valves, expansion lines,
restrictions, elbows, and bends. Flow regime defines the type of wetting of the metal surface,
resulting in the occurrence of corrosion at the top of the pipe. High flow rate can cause erosion
corrosion. At low flow rates, aggressive materials have sufficient time to be in contact with the

metal surface, different deposits can accumulate and cause localized corrosion.

2.4:Gas hydrates:
Ensuring of gas flow in the field of gas technologyis very important. Natural gas flow should
reach from thefield to the production line without blockages. There arethree areas of concern:
a) Wax deposits, asphaltenes, and other heavy organic materials.
b) Inorganic deposits.
16
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c) The formation of solid gas hydrates (similar to ice)

Organic deposits can be removed by means of*pigs”. Inorganic deposits can cause
problems of equipmentin gas wells but not in large lines. Cleaning withacids is the solution for
removing of inorganic sediments.Gas hydrates can clog and shut lines for a few minuteswithout
warning. Sometimes they accumulate overmonths and years and can be set by the pressure
drop.Gas hydrates are formed when water molecules form acage structure and a molecule of
methane or other gasare trapped inside. This happens at certain temperatureand pressure.
Molecules of other gases (H,S, O,, N;)containing in the natural gas can be included togetherwith
molecules of methane. Gas hydrates can be formedanywhere in the pipeline, but usually after
orificesand valves due to significant cooling as a result of theexpansion of the gas according to
Joule-Thomson
Phenomenon.

Three methods are used for preventing the formation of hydrates:

a) Maintaining temperature and pressure outside of theformation of hydrates. Usually it is
not practical.

b) Drying of natural gas from water.

c) Injection of inhibitors that prevent the formation ofhydrates. Methanol and ethylene

glycol at ~ 50% arecommonly used for this purpose.
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3: Corrosion control,Research and Methodology in natural gas systems:
Selection of corrosion control measures are basedon the influence of chemical
composition of naturalgas (corrosive impurities) and process conditions (temperature,pressure,
and flow rate regime) on corrosion.Three major factors affect corrosion: metal type,
environmentalfeatures and conditions, and the border metal environment. Thus, we take care of
three factorsabove to prevent corrosion in natural gas systems. Weclassify all the methods into
three groups: the metaltreatment (selection of material), the treatment of theenvironment
(neutralization, removing of water, CO,,
HsS, O, and salts) and boundary metal-environment(injection of inhibitors, use of coatings, and
cathodicprotection). We can add technological methods, whichmeans maintaining the process

conditions (temperature,pressure, flow rate). We will start from engineeringdesign.

3.1:Engineering design and control:
Engineering design includes:

a) The use of standards, specifications, procedures, reports, and any new information.

b) The use of knowledge of principals, processes and possible corrosion phenomena in
natural gas system. It is necessary to take in to account the geometry of the account to
make less crevices, to control flow rate, to control air infiltration, to avoid “dead legs”
(gathering areas and stagnation of water)

c) Selection of suitable materials of construction, methods of protection, control and
corrosion monitoring for designed period of service. Choosing suitable coating, corrosion
inhibitor, biocides, ant-scaling agent, cathodic protection and removing corrosive

impurities (H2S, H20, and O) belongs to this group.
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d) Selection corrosion monitoring methods: monitoring from construction materials
behavior, corrosive environment and efficiency of methods of protection against

corrosion.

3.1.1:Selection materials of construction:

Materials selection marks the use of metals andalloys, polymer and composite materials
(composites)suitable for different environments in the technology ofnatural gas. There is no ideal
material that is resistantto all media under all conditions. It is acceptable to callstainless steels
and alloys based on nickel as corrosionresistant materials. Really general corrosion rates of these
alloys in natural gas systems are much lower than valuesfor carbon steel. But stainless steels and
nickel alloys aresusceptible to pitting and crevice corrosion, intergranularcorrosion, and stress
corrosion cracking. Therefore,it is better to use the term materials compatible withcorrosive
media. A proper method for selecting alloys isbased on information and experience which are
includedin the standards, procedures, reports, and articles. Thedisadvantage of this approach is
that changes in theenvironment (even at the same gas field) can alter thecorrosion resistance of
alloys. In the selection of alloys,it is necessary not only to relate to general corrosionbut also to
local corrosion, for example, by chlorides,oxygen, bacteria, hydrogen, etc.

Metals and alloys. Carbon steel occupies morethan 90% of all the materials in natural gas
systems.Drill pipes are used according to the standard API 5D,casings and tubes — API 5CT, and
linepipes — API 5L. Design of carbon steel use should be made withcalculation of corrosion
allowance and suitable heattreatment. Use a carbon steel in natural gas systems mustbe
accompanied by injection of corrosion inhibitors toprevent internal corrosion, the use of
coatings, andcathodic protection to prevent external corrosion ofunderground and submerged
structures and equipment.It is possible to use materials resistant to corrosion betterthan carbon

steel: metals and alloys with addition ofchromium, nickel and molybdenum (stainless
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steels),alloys based on nickel, cobalt, copper, titanium, andaluminum, polymers, and composite
materials. The most common alloy among stainless steel in naturalgas systems is 13Cr that is
used in wells and in sea
water. Generally selection of alloys for use in hot gaswells and other applications occurs in the
next direction: carbon steels — stainless steel martensitic 13Cr — stainless steels austenitic —
duplex stainless steels — austenitic nickel alloys. It is possible to select specificalloy suitable at
particular temperature, pressure andCO,, H,S and NaCl concentrations when the
generalcorrosion rate will be less than 0.05 mm/year.Titanium alloys can be used in natural gas
wells at highpressures and temperatures in the presence of H,S andCO,. Iron-nickel (9%) alloys
are used as materialfor cryogenic tanks for storage of liquefied natural gas(LNG) at —162°C.
Polymeric materials and composites occupy a certainplace in their application in natural
gas systems. Chemical resistance of these materials isa much higher in contact with various
gases and solvents.The disadvantages of polymers are low resistanceto high temperatures and
low mechanical propertiescompared with metals. Polymeric materials are usedin natural gas
systems as seals, gaskets, rings, sumps,tanks and pipes in contact with water, sea water,cooling
water, fire-fighting water, solutions of acids andalkalies, atmosphere, and soil. Polymeric
materials are
characterized by mechanical, thermal, electrical properties,and chemical resistance. Temperature
drasticallyaffects the properties of polymers and composites. Whenheating the polymer material
can chemically breakdown.When cooling it can be hard and brittle. Selection of thetype of
polymer and composite depends on the purposefor use in natural gas systems. Therefore, it is
necessaryto analyze all properties of polymers and compositesbefore application. Polymeric

materials and compositesare used in coatings.

3.1.2:Coatings:
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Use of any coating is based on the fact that metalmust be isolated from the aggressive
environment.All coatings can be differentiated into three groupsaccording to the nature of basic
material: organic,inorganic, and metallic. Organic coatings may bepaints, polymeric materials,
greases, and other paraffinicmixtures. Inorganic coatings may be enamels, ceramics
(among them cement), and glasses. Metallic coatingsare any metal or alloy. All three groups of
these coatingsare used for the protection of pipes, tanks, pumps,columns, numerous structures
and equipment in contactwith natural gas, atmosphere, water, soil, and differenttechnological
solutions. Natural gas systems are situatedin different geographical areas. Therefore, it is
importantto create coating specifications that protect structuresand equipment under various
conditions: resistant to gas,fuels, water and aqueous solutions, atmosphere, soil,high temperature,

and under thermal insulation.

3.1.3:Cathodic protection:

The philosophy of cathodic protection use is thatorganic coatings® application on metallic
structures is themain (leading) method of corrosion control, and cathodicprotection is a
complement to protect the defects thatare always exist or appear in organic coatings
duringapplication and service. Electrochemical mechanism ofcorrosion of metals in solutions of
electrolytes allows theuse of electric current and electric potential to protectmetal surface from
corrosion. Therefore, cathodicprotection works only in solutions of electrolytes anddoes not
work in media of high electrical resistivity whichcannot conduct electrical current: in natural gas,
air, oil,and fuels. Two ways exist for cathodic polarization inpractice: connection the main metal
to be protected (forexample, iron) to less noble metal (aluminum, zinc,magnesium, or their
alloys), or connection to the negativepole of outer power supply (rectifier or battery). The
firstmethod is based on sacrificial anodes use, because theyare sacrificed being dissolved as

anode, and turn the
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metallic construction to cathode which does not corrode.Sometimes this method of cathodic
protection is calleda passive one (there is no relationship to passivity),because we connect
equipment to be protected tosacrificial anode, and “forget” about corrosion for someperiod. The
second method of cathodic protection is basedon the connection to the negative pole of the
rectifier anduse of impressed electric current. This method is calledsometimes an active method
of cathodic protection.Cathodic protection is one of wide spread methodsof corrosion control of
underground and submergedmetallic structures and equipment. Cathodic protectionworks only
on external surfaces that contact with theelectrolyte and it does not mean the media flowing
orstored inside: gas, oil, fuel, or water. Many standardsexist to implement cathodic protection,
testing methods and monitoring efficacy. High temperatures,destroyed coatings, shielding,
microbial attack, areasof pipes and tanks that are not in contact with theelectrolyte and dry soil
are the conditions when cathodicprotection is not effective or is working only a part oftime.
Cathodic protection does not work for thermal insulating structures. It is important to
rememberthat cathodic protection is working when the followingcomponents exist: an anode, a
cathode, an electrolyte,and a complete electrical circuit. The absence of one ofthese components
prevents the activity of the cathodicprotection. Sometimes people forget about it and try touse
cathodic protection for hot pipes when hot waterevaporates and there is no electrolyte for the
passage ofan electric current. American engineer Robert Kuhn wasthe first who used cathodic
protection on pipelines fortransporting natural gas in the U.S. in 1928 and more widely in the
1930s. There are several methodsto test the efficacy of cathodic protection. The most common
method is to check the electricalpotential of the protected pipe. Its corrosion rate decreasesto two
orders of magnitude when electric potential lowerthan -0.85 V with respect to a saturated
copper/coppersulfate reference electrode. Keep in mind thatthe corrosion rate of cathodically
protected structure isnever zero but very low value and acceptable for safe usewithout corrosion
risk. In the early years (1920-1950)of use of cathodic protection, it was generally acceptedthat

corrosion structures could be fully protected in soiland water. Then cathodic protection was

22
CENTER OF CONTINUING EDUCATION

UNIVERSITY OF PETROLEUM & ENERGY STUDIES, DEHRADUN




UPES

CENTRE FOR CONTINUING EDUCATION

begun to usein combination with coatings. Cathodic protection is notan alternative to the
protection by coatings of pipes andtanks but an addition. Coatings allow to reduce electriccurrent
on several orders of magnitude and to extend theservice life of structures.It should be noted that
cathodic protection can beused for the protection not only carbon steel but also castiron, ductile

iron, stainless steel, brass, and aluminum. Cathodic protection can cause the following problems:

a) Impressed current systems may cause stray currentcorrosion if metallic constructions
are in the region ofcathodic protection activity and are not connected toimpressed current.

b) Coating de-bonding.

¢) Hydrogen embrittlement (in the case of overprotection,less than —1 V with respect to a
saturated copper/copper sulfate reference electrode and as a result ofwater decomposition and
hydrogen evolving).

d) Corrosion of aluminum (because hydroxy! ionsforming during cathodic protection are

harmful toaluminum).

3.1.4:Change of chemistry of the environment:

There are several options to change the chemicalcomposition of the environment and
protect metals. These methods are injection of corrosion inhibitors,biocides, pH control, removal
of water, CO2, HzS, andO, from natural gas.Corrosion inhibitors occupy an important role
in preventing and reducing corrosion in natural gassystems. The first inhibitors were amines that
were usedas the only means of corrosion control in natural gaspipelines in the 1940-1980s. Only
in the 1980s with thediscovery of deep wells at high temperatures and highpressures inhibitors
were not effective, and special alloyswere begun to use under these conditions. There is
nocommon classification of inhibitors. We will describe afew of them.

a) Classification according to the influence on corrosionreactions. For example, anodic

inhibitors slow downanodic reactions on the surface of the metal. Cathodicinhibitors retard
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cathodic reactions. There are mixed inhibitors that suppress both anodic and cathodic
reactionssimultaneously.

b) Classification by the type of metal to be protected.For example, corrosion inhibitors
that protect carbonsteel, copper, aluminum and their alloys.

¢) Classification by the environment: water and aqueoussolutions of electrolytes; acids;
alkaline solutions; thegaseous phases; oil and fuels; coatings; concrete.

d) Organic and inorganic inhibitors.

Mechanism of action of inhibitors is based ontheir adsorption on the metal surface and
preventingthe coming of aggressive substances to the metal surface.Therefore, usually increase
of concentration ofinhibitors reduces the metal area exposed to aggressivecomponents. We will
describe corrosion inhibitors usingin natural gas systems. Most corrosion inhibitors usingin gas
systems are “filming amine” that produce a protectivefilm on the metal surface. When crude oil
enters into an aqueous phase its ingredientsare able to protect the inner surface of the pipes from
corrosion. Organic compounds containingnitrogen (amines, amides and their salts),
heavycarboxylic acids and their salts, imidazoline, phenols,thiourea, phosphonates, benzoates,
saturated hydrocarbons,aromatics and resins containing in oils act ascorrosion inhibitors. Most
corrosion inhibitorsinjecting into natural gas pipelines are nitrogen organicsubstances. Inhibitors
are not alwaysable to prevent corrosion at the top of the pipelines.Volatile corrosion inhibitors
and inhibitors that areintroduced into the foam matrix are recommendedin these cases. Inhibitors
produce a thin layer of moleculeson the surface of the metal. An intensive flow ofgas, liquid or
liquid-gas mixture is able to remove thislayer. Inhibitor efficiency decreases in the presence of
suspended solids and sand because they attract moleculesof the inhibitors. Inhibitors are attracted
to scale andcorrosion products that reduce their effectiveness. Itis recommended to carry out
chemical cleaning beforethe start of corrosion inhibitor injection. It is necessaryto carry out

periodic cleaning using “pigs”. Inhibitorsusing in natural gas systems are organic materials that
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decompose at temperatures above 200°C.

Injection of methanol or ethylene glycol to preventthe formation of gas hydrates also
inhibits corrosion dueto dilution of aqueous phase. Inhibitors should functionin accordance with
other chemicals injecting into gassystems for various purposes. We can start or replaceinhibitors
without stopping and disruption of a processof production, transportation, and manufacturing.
This isa big advantage over other methods of corrosion control.In addition, continuous
monitoring of the efficiency ofinhibitors can be performed and it is possible to changetheir
concentrations in accordance with changes ofcorrosivity of natural gas.

Cooling water systems. Three chemicals are injectedin these systems for control of
corrosion, microbiologicalgrowth and scale formation: corrosion inhibitors, biocides,and anti-
scaling agents. Corrosion inhibitors insuch systems are mixtures of anodic inhibitors
(e.g.phosphates), cathodic inhibitors (e.g. zinc salts), organicinhibitors (e.g. phosphonates), and
copper corrosion inhibitors(azole). We can use inorganic inhibitors (NaNO,,Na;Si0O;) in closed
cooling water systems for chilling pumps and compressors. Sodium nitrite protectscarbon steel in
fuel-water mixtures.Now there is a tendency to use “green” or “environmentallyfriendly”
inhibitors.They should beevaluated in terms of health, safety and damage to theenvironment. It is
important to assess the efficiency ofpotential inhibitors in laboratory and in field in order toselect
a suitable inhibitor for particular natural gas well. We can calculate efficiency (E %) of
inhibitorsaccording to the following formula:

(CRo — CRi)
EYp=—ou- < 0
0 CRo .100%

where CRo and CRi — the corrosion rate of metal withoutand in the presence of inhibitor
respectively. Corrosionrate can be measured using the method of “weight loss(coupons)” or
“electrical resistance (ER-probes)”. The dosage should be chosen very carefully andthen keep it
in the system. Any change in dosage canaffect the efficiency drastically. Inhibitors are
injectedcontinuously or in portions periodically. The first doseis always big to cover the entire
surface of the metal. Then we can lower its concentration to the minimumnecessary to maintain
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inhibitor layer on the metalsurface. Corrosion monitoring by means of coupons orelectrical
resistance (ER-probes) is used to check theefficiency of inhibitors and to change its
concentrationif needed. It is important to install sensors and couponsinside pipeline in places that
could be affected bycorrosion and scale and to follow all internal space of the tube. We have to
take into account that corrosionis a random process and can vary from place to placeand over
time. It is necessary to combine coupons andER-probes that are complementary to each other.
Weshould take into account the natural gas field can age,and chemical composition, temperature

and pressure canvary with time. As a result, corrosiveness of natural gascan also change.

3.2:Corrosion monitoring in natural gas systems:

It is important to follow the corrosion in natural gas systems because there is a high danger to
humans and the environment in the case of holes and leaks of toxic and explosive gases. The
philosophy of preventive anti-corrosion methods also intends to follow their effectiveness. The
purpose of corrosion monitoring is to monitor corrosion situation of metallic equipmentand
structures, aggressiveness of the environment, andefficiency of corrosion control measures.
There areseveral ways to classify corrosion monitoring methods.For example, direct and indirect
methods. Direct methodsof measurement belong to parameters that varydirectly from corrosion.
For example, a wall thickness ofthe pipe or a mass of a metal coupon. Indirect methodsof
measurement belong parameters which influenceindirectly (temperature, pressure, pH,
concentrations ofaggressive substances to metals) or are affected (metaldissolved ions because of
corrosion and detection ofleaking gases or liquids due to holes caused by corrosion).Direct
methods are divided into intrusive methods (e.g.weight loss) and nonintrusive (for example, the
wallthickness measurement). Indirect methods can be onlineand off-line. Online measurements
are performed withoutremoval of the sensor from the process. Off-line methodmeans removing a
metal sample from the process streamfor testing. We should distinguish between

corrosionmonitoring and inspection. Monitoring allows tomeasure corrosion parameters in real
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or approximatelyreal time. Inspection has time delay between an incidentand an investigation.
Inspection collects data about theevent that has already happened. We classify
corrosionmonitoring methods on physical methods, test methodsof the environment (chemical

analytical) and measuresthe border metal-environment.

3.2.1: Physical methods of control of properties of metals:

Historically, physical methods were first: the humaneye, sometimes with a magnifying
glass. Now there aremany optical devices: video cameras, microscopes,stereo video microscopes,
and borescope. They can be used for examination of corroded metalsurface. Different devices
and techniques based onphysical phenomena are used for measuring the wallthickness of pipes
and tanks in natural gas systems:Ultrasonic Technique, Acoustic Emission, Eddy
CurrentTechnique, Magnetic Flux Leakage, and radiographicmethods (X-ray). In addition, there
are other physical
methods: Infrared thermography, chemical analysis(non-destructive) of alloys on the site, and
penetranttesting. Weight Loss (WL) method is based on inserting ofa metal sample (called
coupon) of a known mass andarea into a flow process, immersion for a certain period(usually
between 30 to 300 days, and time dependson the aggressiveness of the environment), removing,
cleaning from corrosion products and other deposits,and weighing. A loss of coupon weight per
unit areaduring some period is the rate of corrosion of a metal in aspecific environment. Weight
loss method is standardizedand the most accurate among all the existingmethods of corrosion
monitoring.

Electrical Resistance (ER) method is based on measuringthe electrical resistance of the
sensor (corrosometer)made from the same metal of a tube (or otherequipment) with time.
Corrosion of the sensor (decreaseof thickness of a sensor and respectively cross-sectionalarea A)

causes increase of electrical resistance R of asensor material:
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(p. L)

R=-—2"

A
where R — the electrical resistance of conducting material(sensor), Ohm; p — the specific

electrical resistivityof conducting material, Ohm - m; L — the length ofa sensor, m; 4 — the cross-
sectional area of a sensor,m2. ER-method is an analog of weight loss methodwith advantage that
corrosion rate can be measuredcontinuously. Special ‘flush’ probes are used in pipelineswhen
cleaning and inspection is performed by means of pigs’ in natural gas systems when multiple
liquid-gas phase is flowing inside. This method is standardized. We can use ER-probes up to
537°C and 700 bar. Both methods (WL and ER) are used forcorrosion monitoring in natural gas
systems becausethere is no restrictions on the electrical conductivityof the environment. We can
use these two methods formeasuring of corrosion rates of metals in gases, in air,and in
conductive and nonconductive solutions. There isa restriction of physical methods: they assume
that thecorrosion rate is constant throughout the measurementperiod. In fact, failure because of
corrosion occursrarely with a steady rate. In most cases, failures occursuddenly and often relate
to operational events: shutdown

of facilities, changes in temperature, pressure,concentrations of substances, velocity and flow

regime,operating system, etc.

3.2.2:Monitoring of the environment and technological parameters:

Environmental testing includes chemical analytical,physicochemical, physical, and
microbiological methods. These methods are used to determineaggressive components in the
environment: pH, CO2,H,S, O, CI” and SO,”, suspended solids, hardness, corrosioninducing
bacteria, and particles that cause erosion. Onthe other hand, physicochemical analytical methods
(Inductively Coupled Plasma and Rotated Disc ElectrodeAtomic Optical Emission
Spectroscopy) are used fordetermination of concentration of metals which corrodedin liquids
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with sensitivity ~ 1 ppm and less. Physicaland chemical analytical methods should be integrated
innatural gas systems. The question is what is the dangerousvalues of chemical analytical
parameters which definethe intensity of corrosion (high or low) in the system?Allowable values
depend on the specific system (type ofa metal and the environment) and corrosion
phenomenontype.

Gas detectors have been developed (PID — photoionizationdetectors) which can detect
hydrocarbon gases at concentrations of 1 ppb. These gas detectorsare lightweight and portable.

In many cases, it is important fo follow not afterabsolute values, but after a trend that can
suddenlychange, and thus we can detect the start of corrosion.Testing of concentrations of
corrosion inhibitors,neutralizers, oxygen and hydrogen sulfide removers(scavengers), and
biocides in different media and waterdrainage are important in determination of the efficiencyof
treatment against corrosion and for the environment.

Monitoring of technological parameters includesmeasurement of flow rate, temperature,
pressure, anddew point temperature.

Advantage of physicochemical analytical methodsis their highly sensitivity.

The disadvantages are that the chemical compositionof the environment points on a
qualitative assessment ofcorrosion; the presence of corrosion products on metalsurface can lead

to wrong results; sometimes thesemethods require a long time to obtain results.

3.2.3:Examination of the border metal-environment:

These methods are based on physicochemicalproperties of the border metal-environment
and includeelectrochemical methods, identification of corrosionproducts and other deposits on
metal surface, and surfacemorphology of corroded metal. Electrochemical methods(examination
of electrical potential and current) can beused only in solutions of electrolytes. These methods
are used for monitoring of the efficiency of cathodicprotection of underground and submerged

pipelines,tanks, and other structures.
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Physicochemical methods, such as Scanning ElectronMicroscopy (SEM), Tunneling
Scanning Microscopy(STM), Atomic Force Microscopy (AFM) are usedfor examination of the
surface morphology of themetal, Energy Dispersive Spectroscopy (EDS), EnergyDispersive X-
ray Fluorescence (ED-XRF), X-ray photoelectronspectroscopy are used for identification
ofcorrosion products, deposits and inhibitors on the metalsurface. Microbiological testing of
deposits and differentmedia is very important to determine the causes of MICand ways to

prevent it.

3.2.4:0Online, real-time corrosion monitoring:

On-line measurements are continuous measurementsof weight loss and corrosion
rate of metals,physicochemical parameters of the system and the environment;data are obtained
without disruption ofthe monitoring processes. Off-line measurements areperiodic measurements
with a disruption of the monitoringprocess. Real-time information is obtained
immediately,usually for a few minutes. Continuous real-timecorrosion monitoring of pipelines is
mostly developed
It is necessary to perform its integration withprocess control system, which means to follow
technologicalparameters with corrosion-state data. Here aresome corrosion monitoring systems
of pipelines:

a) The Resistance Corrosion Monitoring (RCM) — continuousmeasurements of pipe wall
thickness usingthe method of “electrical resistance’.

b) The Field Signature Method (FSM) — Electrical resistancemethod for determining the
wall thickness ofpipes: uniform corrosion, corrosion pits, erosion, andcracks.

c) Advanced ER on-line corrosion probes with fiber opticcommunication links —

Monitoring the effectivenessof anticorrosive chemical injections.
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d) In-Line Inspection (ILI) — Survey for evaluating corrosion of pipes and
damages.Combination of physical techniques, chemical analyticaland physicochemical methods

gives wide informationof corrosion situation in natural gas pipelines.

3.3: Efficiency monitoring from corrosion protection:

Monitoring and examination of the effectiveness ofcathodic protection of pipelines are
defined in standards. In practice, two criteria for definition ofefficiency and integrity of cathodic
protection are used.The first criterion is the electrical potential of a protectedburied pipeline in
soil should be less than —0.85 Vwith respect to a saturated copper/copper sulfate reference
electrode. The second criterion isa minimum of 0.1 V of cathodic polarization betweenthe
structure surface and a stable reference electrode contacting the electrolyte.

Close Interval Potential Survey (CIPS) and DirectCurrent Voltage Gradient (DCVG) are
widely used forexamination of efficiency of cathodic protection ofunderground pipelines DCVG
method is basedon the potential difference measurements at distancesof about one meter above
underground pipe that isprotected by cathodic protection. The more dimensionsof defect in
coating, the more the difference in potentials.This method allows to detect defects ~1 c¢m in

coatingson pipes buried in the ground at a depth of 1-2 meters.
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4: Findings, Analysis and Decision:

Hear we will discuss about the problem statement of our plant. Our first finding, which
shows us sign of thickness loss of pipelines. We observe corrosion many places, which is mainly
liquid hydrocarbon condensate with water. During turnaround, while opening of all equipment
for maintenance, we found corrosion at compressor side, suction drum, suction pipelines, and

overhead stripper column. Stripper overhead line was completely attacked with corrosion.

Engineering start studying on problem statement of plant in order to eliminate the issue of
corrosion from the upstream itself, try to segregate water from gas in upstream & treated in to
sour water treated unit rather than to pass it to the stabilization unit & pass through the other unit

which is immediately impacting the metallurgy.

4.1:BoilerEmergency shutdown due to Floor Tubes / Primary S/H Tube leaks:
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4.1.1:Findings:

Reported leak in Boiler, post shutdown inspection revealed:

» Two leaks were identified in floor tubes #39/40

» One leak was identified in Primary S/H tube #35

» Accumulated Water level inside Fire Box ~0.5 m

CENTER OF CONTINUING EDUCATION
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Figure 4.1.1: Formal Anomaly Snapshot: Boiler Emergency Shutdown due to floor tubes:
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Pic-3: Primary leaked tube due to propagated inherent weld defect
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Pic-4: Associated leaked bc due to water jet impingement
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Pic-5: Secondary leaked tube 1n Primary S'H during shutdown

Pic-6: Water spot in Pnmary S'H from leaked tube
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4.1.2: Casual Factor:

Primary Leak:

» Identified in floor tube #39 adjacent to fin filet weld area east side @ 3 o’clock

position,

Root cause: Most probably due to inherent weld defect (construction defect —
anticipated arc strike or burn through) which propagated during operation, From
the rough surface of the hole and no observed reduction in the cross section, it
seems the leak start from very small pinhole and enlarged faster due to high

velocity of wat eject.

Associated Leak:

>

>

Identified in floor tube #39 in opposite of tube #40, leak adjacent to welded fin
west side @ 9 o’clock position

Root cause: Due to water jet impingement from tube #39, Observed external
erosion / metal loss around observed leak shows that it is a consequence to the

primary leak in the adjacent tube.

Secondary Leak:

>

>

Identified in Primary S/H tube # 35 due to aggravated wall thinning, during Boiler
shutdown period.

Root cause: Size of water spot beneath the leaked tube and no detected
accumulated water inside the S/H section confirm this leak occurred during Boiler
shutdown. Tube was suffering internal pitting corrosion / wall thinning before as
identified in May-2018.
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4.1.3: Action(s):

»

Comprehensive inspection for leaked tubes and adjacent tubes in both locations to
identify defected sections for required cut/out and replacement,

Thoroughly inspection for Primary S/H tubes to identify any additional defected tube to
eliminate future on-stream leak until next planned outage for entire Primary S/H coils
replacement,

IWL issued after inspection activity completed.

Rectified as per IWL.

Figure 4.1.2: Study Report for Boiler Integrity Threats:

element
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4.1.4:Metallurgical Failure Investigation report:

Metallurgical failure investigation reporton Boiler Primary Super Heater Coil’s tube

failure (Leak Incident) was received and approved.
Conclusion:

Based on the results achieved from this metallurgical investigation and from detailed discussion

the following observations can be drawn:

1. No significant anomaly/deviation observed w.r.t chemical composition, hardness and
microstructure. Super heater coil tube material is satisfactory in terms of metallurgical and

mechanical properties.

2. Macro examination showed localized corrosion attack at the inner surface of extrados

location. Tube wall thinning noticed from ID to OD.

3. SEM analysis complements the findings made during macro examination. EDS probed

the presence of Fe, O, Na, K, S, Cl on the ID corrosion deposits.

4. To conclude, the corrosion failure of Boiler primary super heater coil can be attributed

to “Caustic gouging or Caustic corrosion”. The localized internal corrosion, which occurred

through under deposit corrosion mechanism. The tube bend location acted as a potential site for
pitting initiation, further the accumulation of surface deposits at bend location made that zone

more vulnerable for pitting corrosion attack. Indication of oxygen pittingwas also observed that

might partially have influenced the internal corrosion.
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4.2: Off-Gas Compressor Corrosion Deposition:

Figure 4.2: Plant Anomaly Snapshot: Off Gas Compressor 1* Stage Suction Drum:

Off Gas Compressor 1* stage suction drum is suffering severe pitting / under deposit

corrosion.

« Measured pitting depth is | mm in Alloy 825 internal cladding (3 mm).
« These drums were newly installed (upgraded from SS316L into Alloy-825)

4.2.1: ESR: Engineering study for observed deposits:

ESR: Engineering Study for observed carryover Deposit and excessive Sour Water inside
Off Gas Comp'essor 1st Stage Suction Drum & providing suitable internal coating on the
bottom as interim mitigation:

« Interconnecting piping (which was upgraded from SS321 to Alloy-825 as per FMPmay
suffer different grade of corrosion especially at dead-log / stagnate location where
possibility of deposition will be high.
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Table 4.2:Scale and Sludge Analysis report of Off Gas Compressor 1% Stage Suction Drum:

APPEARANCE/PHYSICAL PROPERTIES(color,pH, consistency,

wet/dry, sticky, particle size incidental odor —do not sniff, etc.)

Dry, Black Granules Sample.

ANALYSIS wt of sample(g): RESULT
(As delivered -Wet basis) (Weight %)
LS @ 110°C wt of loss(g):
(maybe water, light volatiles) 10.59
ANALYSIS ~ wtof sample(g): RESULT
(Dry basis) (Weight %)
Loss @ 500°C wt of loss(g):
2.8941 41.97
(maybe volatiles, organic matter)
Loss @ 800°C wt of loss(g):
founy ey 0.8731 12.66
Residue @ 800°C wt of residue(g):
3.1291 45.37

ANALYSIS

(on Residue)

wt of sample(g):

RESULT

(Weight %)

Acid Insoluble wt of insoluble(g):
(maybe silicates, refractory matter) 0.2983 68.11
Acid soluble wt of soluble(g):

(by difference) 0.1397 31.89
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RESIDUE o REsmE T RS s
CATIONS I (weight % of residue) | AN|ONS . (weight % of residue)
17.93 Chloride 0.01
Iron
Calcium
0.38 Sulphate 11.87
Magnesium N/D Carbonate NIL
Manganese 0.24 Phosphate N/A
Nickel
35.44 Nitrate N/A
Sodium 0.33 Nitrite NIL
Silica as Si02 37.76
Silicon as Si P
(calculated from SiO2) :

Please note that During Off-Gas Compressor outage for intersection piping inspection ad

temporary replacement we inspected 1% Stage Off-Gas Compressor Suction Drum as we did in

previous trains and observation as below:
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Moderate deposit brownish color was observed at the bottom dished end, fine deposit
was found also on bolts / nuts / support ring, stiffeners channel, etc.,.

Perforated plate below KRANIJI fittings looks clean and free from any deposit for
bottom projection only,

Internal parts / mesh could not be inspected as were not removed for detailed
inspection,

This drum was installed with upgraded material Incone-825 and with KRANIJI
internals (part of FMP) and this was the first time to be offered for internal inspection

since that date.

Surface etching / corrosion initiation / under deposit corrosion are prominent at the

bottom-dished end after flushing and deposit removal.

4.2.2: Reported acid etching / pit initiation:

Reported acid etching / pit initiation at the bottom of Off-Gas Compressor 1% stage

suction drum reviewed in detail with below findings:

» 1) Bottoms of 1* Stage OG Suction Drums have been subject to

accumulation of salty deposits with unexpectedly high Sulfates + Chloride

contents > 50,000 wt ppm / pH< 3.5.
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2) Significantly high amounts of Silica (+Sulfates/ Chlorides) in deposits
indicate an unexpected “liquid + solids” carryover downstream Stabilizer

Column.

3) New KRANIJI internals, with higher coalescing efficiency, is expected to

aggravate solids accumulation at the drum bottom.

4) Deposits are significantly sticky / muddy and are highly concentrated in
salt content. CRAs (except Alloy 625) would be prone to under-deposit

corrosion in presence of such concentrated salt deposits.

5) Evidently, this situation has resulted in acid etching / pitting initiation on

Alloy 825 surface at the drum bottom.

The above situation needs to be addressed / mitigated urgently since higher
quantities of acid salts / muddy deposits are expected to be all accumulating in

the drum during future well work-overs (RMOP).

Belzona 1391/1591 coating recommended as mitigation for Off-Gas Compressor 1*

stage suction drum under deposit corrosion.
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4, 3 Plttmg Corrosion lllSlde the Claus Reactor Reheater.

G

Figure 4.3: Anomaly Snapshot: Claus Reactor Reheater:
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4.3.1:Findings:

>

Severe pitting corrosion was observed on both channel head baffle plate and
internal surface of tubes (Steam side),

Carried out Borescope inside the tubes confirmed pitting corrosion is taking place
inside the tubes,

Carried out hydro-test (shell side),

IRIS not carried out yet as internal flushing of the tubes was not appropriate,

The cited re-heater was successfully inspected in shutdown without any reported

anomaly, (see attached previous report)

4.3.2:Casual Factor:

v V V¥V ¥

Phosphate injection rate,
Uncontrolled O, in BFW,
BB rate
Steam load inside the re-heater
Damage Mechanisms are
= Boiler Water Condensate Corrosion (API 571 — Clause 4.3.5)

= Caustic Corrosion (API 571 — Clause 4.3.10)
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4.3.3: Action(s):

>

>

IRIS to be carried out immediately to identify severely defected tubes,

IWL to be issued for plugging identified tubes for long term safe operation,

Claus Reactor Reheater to be isolated and offered immediately for detailed inspection
(CVI/IRIS),

OSI (UTS) on several locations for Steam Drums and Interconnecting Piping,

Fresh sample to be collected from upstream / down-stream identified locations / tags -
Chemical analysis for collected sample of all systems.

Above casual factor to be investigated for permanent solution to eliminate On-Stream
failure.

Plan for re-tubing during next outage (next outage to be confirmed based on IRIS

result and Al assessment).
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5: Conclusion and Scope of Future Work:

Non-destructive testing and corrosion monitoringare important measures in detection,
prediction andprevention of corrosion in natural gas systems. Weshould distinguish between
corrosion monitoring,inspection, and survey. Inspection and survey operationsare planned and
carried out periodically. Corrosionmonitoring is carried out continuously to obtain real
timeinformation. Nondestructive testing and corrosionmonitoring are interdisciplinary issues
encompassingwide areas including different techniques, sensors,instruments, data analysis, and
use of standards. Themore we use various methods and means the more we getcomplete and up
to date picture of corrosion situation.A selection of corrosion monitoring methods depends
on the type of equipment or structure, conditions, andobjectives. Therefore, there is no absolute
and readyproposal for all systems and all cases. It is necessary touse corrosion monitoring
methods as much as possible.Using of NDT and corrosion monitoring can reducethe risk of
failures almost to zero. Sometimes visualinspection gives no warning to significant failure
thatrequires high cost of repairs in a short time. Therefore,we need continuous monitoring in real
time. There isno technology that can detect and immediately informall kinds of corrosive
failures. It is necessary to designand implement NDT and corrosion monitoring methodsat the
stage of a project design. It is very important toselect points of inspection, testing and installation
ofsensors and coupons. It is recommended to measurethe thickness using ultrasonic methods in
places where
corrosion sensors are installed. Corrosion rates (evenuniform corrosion) can vary at different
distances andplaces of equipment and structures. The more locationswill be covered by corrosion
sensors the more we defineand know real corrosion situation.

We should not talk about the cost of corrosionmonitoring techniques. This cost is
approximately 0.05%of the overall losses of corrosion damage. Whencorrosion failure occurs the
cost of failure (corrosionloss) can be thousands of times higher than the cost of corrosion

monitoring methods. Data of NDT methodsand corrosion monitoring (thickness and
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corrosionrates) enter and appear on a computer screen as othertechnological parameters:
temperature, pressure, flowrate, and concentrations of chemicals.

There is a similarity between the corrosion rates andthe behavior of the stock market:
data in the past do notgive guarantee for the future. Any change in the process(temperature,
installation of an additional pump, changingthe diameter of the pipe, adding a heat exchanger,
flowregime, type of environment, inhibitors, neutralizers, andother chemicals) can cause sudden
corrosion. Therefore,it is necessary to analyze all the changes in the systemand how they affect
corrosion. In light of this, corrosionmonitoring and NDT methods represent an importantrole in
preserving of metal equipment and structures ingood condition and preventing damage to

humans andthe environment.
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