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ABSTRACT

This investigative study was conducted on two on-stream test
separators that are in similar service, hence exposed to similar
damage mechanisms. The test separators were constructed of low and
medium carbon steel BS 1501-224-490BLT50 and SA 516 Gr 70 materials
respectively. The methods used for the evaluation was Manual Contact
Ultrasonic Testing. For medium and low carbon steel test separator,
thirteen and twelve years respectively of thinning and diminution of
the wall thickness data was collected to establish their corrosion
rates (both short and long term) and their remaining life. Low and
medium carbon steel test separators corrosion rates were evaluated by
using UT. From the results obtained, the short-term corrosion rate for
both low and medium carbon steel test separators was noted to be
higher than the long-term corrosion rate. The estimated corrosion
rates of the inspected vessels are in excess of what is 0.125mm/year
prescribed by API 510 code. These high corrosion rates can be
attributed to the aggressive working conditions of the vessels. The
results of the study show that the remaining 1life of the test
separators can be safely and accurately predicted with the short-term
corrosion rate.
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1. INTRODUCTION

Pressure vessels are containers designed to hold gases or
liquids at pressure substantially different from ambient pressure [6].
Pressure vessel components are designed for long service life under
continuous use; however, premature failure may occur. Hence material
degradation, corrosion, erosion, fatigue, operational and maintenance
errors are common factor for engineering components failure [3].
Therefore, selection of materials and manufacturing processes are
important activities that are essential for Pressure vessel design. A
material resistance to corrosion is probably the most important factor
that influences 1its selection for a specific application. The most
common method that is used to address corrosion in pressure vessels is
to specify a corrosion allowance level [2]. Corrosion allowance 1is a
supplementary metal thickness that is added to the minimum thickness
that 1is required to resist the applied loads. This added thickness
compensates for thinning (i.e., corrosion) that will take place during
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service [2]. Predicting the remaining operating 1life of Test
separators that has been in o0il and gas service for many years is a
problem faced by many companies. The problem is especially severe for
those companies whose plants have been in service for 20 to 30 years
or more and are approaching their design 1life expectancy [4]. The
materials used 1in pressure vessels 1in o0il and gas industries are
carbon steels, low alloy steel and stainless steel. Carbon is the most
common alloying element in steel. It is inexpensive and has a strong
influence on hardness and strength. It is the basic and essential
alloying element in all plain-carbon, low-alloy, and tool steels [5].
Hence the amount of carbon content in the steels wused for the
construction of the Test Separator form the basis for the comparison
of the corrosion rates of the materials in order to ascertain which of
the plates has 1long remaining life while subjected under similar
condition of service [7 and 8].

2. RESEARCH SIGNIFICANCE

Pressure vessels suffer a loss of mass and strength when
corrosion occurs. Sound integrity of these vessels is a major factor
in the o0il and gas industry and Corrosion is one key component that
affects the durability of such equipment. The result of this research
work suggests that, the remaining life of pressure vessel cannot be
safely and accurately being predicted with the short-term corrosion
rate unless its year on year corrosion rate is uniform.

3. MATERIALS AND METHODS

3.1. Materials

The pressure vessel separators for this project were three-phase
test separators used to separate gas, o0il and water to a level and
provide accurate measurement of each produced phase. The material used
for this study is made up of carbon (low and medium) steel pressure
vessel located in 0il and Gas offshore facilities in Nigeria and the
chemical composition of the pressure vessel 1s as shown 1in Table 1
[10].

3.2. Methods

3.2.1. Sample Preparation

The mechanical design of the two test pressure vessels
separators was cylindrical shell with a size of 914.4 mm by 6.096mm in
diameter and length respectively [3] for vessel made of medium carbon
steel (SA 516 Gr 70) and 2.007 mm by 7.620mm in diameter and length
respectively for vessel made of low carbon (BS 1501-224-490BLT50)
steel. The detailed reliability parameters of the two Test Separators
are given in Table 2. Pressure vessel steels were constructed of steel
plate of ©positive dimensional tolerances. The test separators
remaining wall thickness data reading in Table 3, starting from 1993
to 2005 was collected as raw data while from 2007 to 2014, I
participated in the data collection on the two pressure vessels. From
2007 to 2014, the thickness data was collected using conventional
Ultrasonic Testing method.

3.2.2. Data Collection

Thinning and diminution of the wall thickness of the two
pressure vessels separators were being monitored after their placement
in-service in a space of thirteen years (for separator A) and twelve
years (for separator B) to establish their corrosion rates (both short
term and long term) and their remaining life. These parameters were
considered as part of the prediction and rejection criteria wused to
ascertain the 1life span and usage worthiness of the two pressure
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vessels. wused during corrosion data gathering in order to get
complementary data. The data collected using conventional method was
done using two different ultrasonic testing equipment Olympus 37D and
Sitescan D10+ manufacture by Olympus and Sonatest respectively. The
contact and normal beam techniques were employed during the data
collection. Calibration of equipment was ensured before taken to the
field for data collection. During data collection, CML points were
selected on the vessel and the couplant (grease) applied at those
points. The probe was then pressed gently on the couplant on the
vessel to scan the area and the lowest reading on the display unit
recorded as the thickness of the material of the vessel at that point

[17].

3.2.3. Direct Thickness Measurement Determination Using
Conventional UT Method

Data collection was done using two different ultrasonic testing
equipment; Olympus 37D and SonatestSitescan D10+ respectively. For
consistency of data collection, as per API 510 requirement for
pressure vessel thickness monitoring a Condition Monitoring Locations
(CML) measuring 152mmX254mm were marked on the vessel and thickness
measurement was taken on the same CML consistently. The pressure
vessel was monitored by performing a representative number of
examinations at CMLs to satisfy the requirements for an internal or
on-stream inspection. The thickness for pressure vessel shell plates
were measured and recorded Corrosion rates, the remaining life and
next inspection intervals were calculated to determine the limiting
components. Pressure vessels with high potential consequences of
failure, those subjected to higher —corrosion rates, localized
corrosion and high rate of damage from other mechanism of corrosion
had more CMLs and were monitored frequently. The rate of corrosion
damage was determined from successive measurements and the next
inspection interval appropriately established. The thinnest reading or
average of several measurement readings was taken within the area of
the examination point, recorded and used to calculate the corrosion
rates. CMLs and examination points were permanently recorded (i.e.
marks on the inspection drawings and on the pressure vessel) to allow
for repetitive measurements on the same CMLs. Repeated measurements at
the same location improves the accuracy of the calculated damage rate.
While wusing 37D and Sitescan D10+ for thickness gauging on vessel
shell, couplant (grease) was applied covering the entire CML prior to
placement of transducer for thickness data acquisition. The use of
couplant was to eliminate air at the transducer and vessel plate
interface. The probe was then pressed gently on the couplant and the
CMLs were scanned with 10% overlap of the transducer footprint. The
minimum reading in each CMLs that was displayed on the UT meter screen
were recorded as the remaining thickness of the pressure vessel.
Thickness was measured in echo-to-echo (without the thickness of
external coating) at that point. The bottom sides of the vessels were
noted to show reduction in thicknesses, hence the spot that shows
lower thickness reading at the bottom sides of the two test separators
were considered for this analysis [1].

4. RESULTS

The chemical composition of the steel substrate as presented in
the Table 1 reveals that the materials are composed of both medium
carbon steel and low carbon steel as the carbon in this material is
between 0.22%-0.28%, while the others are alloying elements present in
this material, as steel is basically an alloy of iron and carbon, and
other alloying elements.
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Table 1. Chemical analysis of the pressure vessels material
Chemical ?est Separator A Test Separator B
L. (Medium Carbon Steel Test (low Carbon Steel Test
Composition
Separator) Separator)
Alloy Vessel PMI Vessel PMI
Elements Manufacturer Reading Manufacturer Reading
C 0.28% - 0.22% -
Si 0.15-0.40% 0.390% 0.10-0.40% 0.370
Mn 0.85-1.20% 1.180% 0.90 - 1.60% 1.580
P 0.035 % 0.035% 0.030 max 0.028
S 0.035 % 0.034% 0.030 max 0.027
Al - - 0.015 min 0.018
Cr - - 0.25 max 0.023
Cu - - 0.30 max 0.029
Mo - - 0.10 max 0.099
Ni - - 0.75 max 0.730
Table 2. Reliability Data
Test Separator A Test Separator B
Reliability Data (Medium Carbon Steel (low Carbon Steel
Test Separator) Test Separator)
Material of Construction SA 516 Gr 70 BS 1501-224-490BLT50
MAWT 343°C 100°C
Diameter 914.1mm (36") 2,006.6mm (79”)
Length/Height 6.096mm 7.620mm
MAWP 27.579 bar (400psi) 10.48 bar (152psi)
MDMT 0°C 20 °C
MDMT Press 34.474 bar 10.48 bar
Operating Press 8.963 bar 3.45bar
Stress Value 1296.214bar 1282.424 bar
(18800psi) (18600psi)
Operating Temp 32°C 29.44 °C
Original Test Press 51.711 bar 15.72 bar
Year Built 1968 1993
Radlograph}c Examination RT? Full
of Weld Joint
E (Joint Efficiency Value) 0.85 1.00
Shell Plate Thickness 29.00mm 13mm
Corrosion Allowance 3.175mm 3mm
Carbon Dioxide (CO) 1.43 mole % 0.62 mole %
Hydrogen Sulphide (H3S) 4.00 ppm 2.00 ppm
Dissolve Oxygen Present Yes (max Allowable Yes (max Allowable
10ppb) 10ppb)
pH 7.5 7.4
. Sulphur Reducin Sulphur Reducin
Presence of Bacterial Baglerial (SRBfi Baglerial (SRBE
Presence of Anode NA NA
Internally Coated NA NA
Water Cut 40% 32%
Service Consideration Clean/sweet Clean/sweet

INWSTZN

The detailed reliability parameters of the two Test Separators
are given in Table 2. Pressure vessel steels supplied were constructed
of steel plate of positive dimensional tolerances, instead of the
specified thickness
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Table 3. Inspection year and wall thickness survey for Test Separators
A and B using UT

Inspection ?est Separa?or.“A” iest Separaporl“B"
Year Thlckpess in Millimeter Thickness in Millimeter
(Medium carbon Steel) (Low Carbon Steel)
1968 29.00 -
1993 25.72 13.00
1997 25.20 12.79
2000 23.55 12.58
2001 23.00 12.32
2005 20.20 11.28
2007 18.80 11.00
2010 17.87 10.58
2012 16.98 10.26
2014 16.12 9.93
2015 15.67 9.36
2016 15.47 8.80
2017 15.27 8.53

Table 3 shows that in o0il and gas service medium carbon steel
plate (Test Separator A) appeared to corrodes faster than Low carbon
steel plate (Test separator B). This was possibly due to higher water
cut which tend to hydrolyze other minerals particularly chlorides and
thus forms acidic environment and the presence of H' which further
accelerate corrosion; hence this translate to higher long-term
corrosion rate for medium carbon steel Test.

Corrosion Rate
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Graphic 1. Corrosion Rate against the Date on Test Separator A (Medium
Carbon Steel)

Shows gradual and fairly uniform weight loss over a period of
time.
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Graphic 2. Corrosion Rate against the Date on Test Separator B (Low
Carbon Steel)

Show gradual and fairly uniform weight loss over a period of
time.

Metal loss vs Inspection year
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Graphic 3. Graph of thickness survey results of Test Separators A and
B
Here, the medium carbon steel plate (Test Separator A) corrodes
faster than low carbon steel plate (Test separator B)

5. DISCUSSION

The result shown in Table 3 and in Figure 3 shows that in oil
and gas service medium carbon steel plate (Test Separator A) appeared
to corrodes faster than Low carbon steel plate (Test separator B).
This was possibly due to higher water cut which tend to hydrolyze
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other minerals particularly chlorides and thus forms acidic
environment and the presence of H* which further accelerate corrosion,
hence this translate to higher long-term corrosion rate for medium
carbon steel Test Separator than for low carbon steel Test Separator,
the presence of silicon, copper and nickel as the constituent chemical
composition of the low carbon steel test separator material in-turn
made the material more corrosion resistance than the medium carbon
steel Test Separator [9]. Toward the 2014 to 2017, the rate of
corrosion for medium carbon steel Test Separator became steadier than
that of low carbon steel Test Separator which therefore implies lower
short-term corrosion for medium carbon and higher for low carbon steel
Test Separator. This is in agreement with, who stated that, the long-
term corrosion rate cannot be relied on in predicting accurately the
remaining 1life of the test separators pressure vessels. The most
common method that is used to address corrosion in pressure vessels is
to specify the corrosion allowance as stated by. This allowance 1is
supplemental metal thickness that is added to the minimum thickness
that 1s required to resist the applied loads. This added thickness
compensates for thinning (corrosion) that will take place during

service. It 1s this allowance (added thickness) that helps in
predicting the service life of a vessel in a particular working or
environmental conditions [1]. The corrosion rate calculated assumes

uniform corrosion across the coupon. Corrosion coupon results shown in
Figure 1 and Figure 2 indicate gradual and fairly uniform weight loss
over a period of time. This further confirm steady rate of corrosion
in the separators indicated in Figure 3. Sharp changes in Figure 1 and
Figure 2 could have been caused by faulty injection pump, considerable
morphology of flow and change in process fluid chemistry.

6. CONCLUSION

The result shown in Table 3 and in Figure 3 shows that in oil
and gas service medium carbon steel plate (Test Separator A) appeared
to corrodes faster than Low carbon steel plate (Test separator B).
This was possibly due to higher water cut which tend to hydrolyze
other minerals particularly chlorides and thus forms acidic
environment and the presence of H* which further accelerate corrosion;
hence this translate to higher long-term corrosion rate for medium
carbon steel Test Separator than for low carbon steel Test Separator
[13 and 14]. The results shown in Table 3 and Figure 3 indicate that
in general, based on short term and long-term corrosion rate [12], the
wall thickness of the test separators was decreasing fairly uniformly,
which indicated that uniform corrosion had occurred on the internal
surface of the two separators but higher in test separator A [11 and
37.
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