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INTRODUCTION & AIM

The floating production, storage and offloading (FPSO) and single point mooring (SPM) calm buoy represents a new technology with a promising FPSOs and SPMs are generally installed in harsh environments which undoubtedly exposes them to the menace of corrosion
future in the upstream oil and gas industries. They are usually designed for 20 years’ operational life depending on field life/oil reserves. The wastages, structural degradations and deteriorations. This research work recognized corrosion wastages as primary deterioration
FPSOs are usually new build or converted tanker while the SPMs are usually new build or refurbished buoy. They are generally installed in harsh ~ mechanism for ageing FPSOs and SPMs which served as case study in this research. This work applied real marine environment
environments. However, several challenges came up which are of both industry and academic interest. The hull and deck plates of the FPSOs and corrosion wastage data obtained from offshore terminal location such as remaining thickness measurements as the building blocks
SPMs are exposed to corrosive actions of seawater which over time results to wastages due to general/uniform or pitting corrosion. Several  f ijts analysis. As per class societies rules, requirements and recommendations, by substituting these empirical data into structural
measures such as risk based inspection (RBI) programs are put in place by the owner/operator alongside a class society covering such assett0  pealth monitoring (SHM) and structural reliability analysis (SRA) models, this research work evaluates the present structural
enable it serve the design operational life. The data obtained from such RBI programs are used to drive maintenance strategies on the FPSO and conditions of both hulls and deck plates to establish their fitness for continued use and additional life of 15 years. This research
SPM calm buoy. The class societies also put in place yearly annual health checks, annual class and statutory surveys which are assurance paper summarized a framework for life extension assessment of FPSO and SPM calm buoy hull and deck plates by integrating
programs designed to sustain FPSOs and SPMs throughout their design services life. These programs also sustain the well-known certificate of  sHM and SRA. These field empirical data were used to test probabilistic equations of corrosion degradation and deteriorations,

class which is renewable every five years. Interestingly, some operators might decide to operate the FPSOs and SPMs beyond their design life in thus shifting from traditional code checks to quantify the long term structural reliability of critical components such as the hull and
what is called life extension. Life extension studies is gradually dominating the coast of West Africa, while the rest of the world is not left out. This  geck plates.

present study provides the required understanding, collation and interpretation of surveillance data that drives mitigation strategies such as weld Year life extension

infill, crop and weld, additive patch, protective paint coating, sandwich plate systems on ageing and structural health issues on hull and deck plates = (year end of life extension — year end of design life) 1)

which in turn drives life extension repairs decisions on floating assets. The research work focussed on structural health challenges such as  class wastage allowance is given by:

corrosion wastage on FPSO and SPM hull and deck plates. Thus, historic data collection, their collation, interpretations and managements Were  1ne corrosion margin life extension = {Corrosion rate design x (year life extension — year coating protect),if coating renewed > 0} 2)

. : . . . . . . . . Corrosion rate design * year life extension, otherwise

found useful towards life extension project delivery. It was noted that due to increasing scarcity of field data, most of the research works in fatigue

assessments, structural health monitoring, structural reliability and life extension of FPSO and SPM calm buoy hull and deck plates, leveraged on WA =WA, 3)

data obtained from trading/shuttle tankers and corrosion coupon in laboratory and extend it to life extension studies of FPSO and SPM, this irifssessed’if treassessed < tus pyitt

constitutes an empirical research gap. Such data from laboratory are unreliable because they are under control unlike data from the field locations ~ tdesign = { s built » otherwise } (4)

In marine environment, where corrosion wastages occurs naturally. Also, the data from trading tankers are unreliable because they are exposed to trenewal = tdesign «(1-WA) (5)

different international waters with diverse corrosion wastage rates. Trading tankers are built with thicker scantlings. Thus, field data were ¢ o 6

recommended by previous researchers for subsequent FPSO and SPM calm buoy hull and deck plates corrosion wastage assessments. This ~iPstential = “design=(1-0.75W4) . . . (©)
. tmin life extension — (tsubstantial + Corrosion margin llfe extension (7)

present work unveils a case study on the structural integrity management of an ageing FPSO and SPM calm buoy, with a primary focus on the

) ) year end of designlife
degradation effects of corrosion. Historically, as FPSO and SPM calm buoy exceed their initial design life, the menace of corrosion wastages  tendof designlife = tavg gaugeda — Corrosionrate design ( Jear gauged ) 8)
poses a significant threat to structural reliability, particularly in critical areas such as the hull and deck plates. The paper presents a comprehensive INOt o ' |
| | | | . . : — end of designlife min life extension built
assessment methodology involving in-service surveys data, corrosion wastage computations, and structural reassessment to evaluate the  Plate renewal required = { i } (9)

remaining thickness of these components which is a measure of the remaining strength. A software named HULL-LIFE was developed to evaluate
the FPSO and SPM calm buoy hull suitability for life extension of 15 years. This program reduces time spent in data processing and makes hull
and deck plates repairs decisions easier and ultimately life extension. The program is handy in establishing if the hull is fit for a certain number of
years of extension. This present work further provides a frame work for assessing the structural integrity and suitability of FPSOs and SPMs for a
life extension with specific focus on corrosion effects. This frame work will help to quantify the impact of corrosion on the FPSOs and SPMs
structural capacity and further provide a rational basis for FPSO and SPM life extension decisions. Thus, ensuring continued safe and reliable
terminal operations beyond the original designed service life. The aim ¢ ' ' ice li '

buoy under corrosion effects: a case study on hull and deck plate. RES U lTs & DI sc U ss I o N

The results from this work quantified the effects of corrosion wastages on ageing FPSO and SPM hull and deck plate. The results were obtained from UTM conducted on an FPSO and SPM in 2023 barely 18 years in service and 2 years to end of design service life. The FPSO
operates in a shallow water of Offshore West Africa. The data obtained was collated and analysed to make mitigation strategies decisions on the deck plates with the ultimate goal of life extension. Similarly, the hull of both FPSO and SPM was examined using corrosion models to
ascertain suitability for 15 years life extension. The results were favourable since the value of t-end of design life is greater than t-minimum for life extension. Hence, no steel plate renewal is required on the hulls of the FPSO and SPM calm buoy. This was made possible by a
software code named HULL LIFE written in C++ programming language. This approach further underscores the application of SHM data in SRA framework to oversee FPSO and SPM maintenance planning and mitigation strategies aimed at longevity and life extension. Thus, for
the FPSO hull, since 20.1112 mm is greater than 19.783 mm, it means that the FPSO hull will serve for the intended 15 years. Thus, the hull is adequate for additional 15 years in service. Similarly, for the SPM calm buoy hull, since 11.73 mm is greater than 9.725 mm, it means that
the SPM calm buoy hull will serve for the intended 15 years extension. Thus, the hull is adequate for 15 years life extension. For the FPSO main deck plates wastage assessments, the highest values fall within 21 -36% and the few affected strakes were recommended for crop and
renew as a mitigation strategy. For the SPM calm buoy, the top plates wastage evaluations showed a reduction in the range of 4 — 6%; while that of floor plate showed 1- 4% thickness reduction and application of new surface coating were recommended.

The average of the UTM gauging points is expressed as:
U; 4+ Uy 4U3+Us+...4U,

Average = (10)

Un

Table (1): FPSO Main Deck Port Side Pitted Plates Renewal Calculation and Mitigation Strategies Table (3): SPM Calm Buoy Top Plates Pitted Renewal Calculation and Mitigation Strategies
PortSide | | pitted Plates Renewal Calculations SPM Top Pitted Plates Renewal Calculations
Strake As Average | Minimum Max Pt
built Gauged Gauged Depth Recommended Pit Repairs Afin
Thi. UTM Gaugings (mm) Thk Thik Pits Depths (mm) Dmminution Required As built Gauged Max Pit Recommended Pit
Frames | (Zones) | (mm) 1 y 3 4 & () 1 2 3 4 £ | (mm) [3) SN | Description Strake | thickmess UTM Gaugings (mm) Thickness Pits Depths (mm) pepth | Diminution | Repairs Required
1 16.00 | 12.60 | 12.65 | 1265 | 1255 | 1285 | 1260 1255 | 3.40| 3.35 | 3.35 | 3.45 | 3.45 (mnm) 1 2 3 4 $ | (mm) 1 2 3 4 Sl{mm) |%
3.45 21.56 Removal of Old
Coating, Surface
as 2 16.00 | 12.36 | 12.37 | 1245 | 1238 | 1244 | 1240 1236 | 264 | 363 | 355 | 362 | 356 364 —— Cleaning and
Application of New
3 16.00 | 12.40 | 12.20 | 1230 | 12.30 | 1228 | 1230 1220|260 | 380|370 | 3.70 | 3.72 380 e 1 | compartment 1 10.00 os0| 960| 970| 940| ses0 920 | 060 0.20|0.30]060) 0.20 0.6 6.00 | Suitable m
aa 3 16.00 | 10.50 | 10.35 | 1048 | 10.45 | 1051 | 1048 10.35 | 550 | 5.65 | 5.52 | 5.55 | 5.49 - 35 31 Gnﬂmr‘,‘ il.:;:-ce
s 16.00 | 10.20 | 10.23 | 20.21 | 10.13 | 1020 | 10.19 10.13 | 5.80 | 5.77 | 5.79 | 5.87 | 5.80 Application of New
5.87 36.69 2 | compartment 2 10.00 970| 9s0o| eso| eso0 9.60 950| o030 050|040 |050]| 040 0.5 5.00 | suitable Coating.
6 16.00 | 13.60 | 1360 | 21361 | 1354 | 1365 | 13.60 1354 | 240 | 240 | 2.39 | 246 | 2.35 removal of Old
43 2.46 15.38 Coating, Surface
Cleaning and
7 16.00 | 13.34 | 12.25 | 1330 | 23.30 | 1330 | 1330 1325 | 266 | 275 | 2270 | 2.70 | 2.70 275 17.19 -y S0
. . . 3 | compartment 3 10.00 960 | 960| 960| 960| 9.60 960 | 040 0.40 | 0.20 | 0.20 | 0.20 0.4 4.00 | suitable Coating.
an 8 16.00 | 13.16 | 13.22 | 1321 | 13.21 | 1322 | 1320 13.16 | 284 | 278|279 | 2.79 | 2.78 88 1795 P————
Coating, Surface
9 16.00 | 13.60 | 14.40 | 1420 | 13.80 | 1400 | 14.00 1360 | 240 | 160 | 1.80 | 2.20 | 2.00 5 20 15.00 Cleaning and
- - Application of New
10 16.00 | 14.00 | 13.20 | 13.75 | 13.50 | 1350 13.59 1320 | 200 | 280 | 2.25 | 2250 | 2.50 4 | Compartment 4 10.00 10.00 | 10.00 9.90 9.90 9.90 9.90 0.00 | 0.00 | 0.120 | 0.10 | 0.10 0.1 1.00 | Suitable Coating.
31 2.80 17.50 Removal of Oid
11 16.00 | 14.65 | 15.30 | 1550 | 15.00 | 1420 | 1492 14.20 | 1.35 | 0.70 | 0.50 | 1.00 | 1.80 180 1125 Coating, Surface
- - Cleaning and
Application of New
40 12 16.00 | 13.80 | 14.00 | 13.50 | 13.20 | 13.80 | 13.74 13.2012.20| 200 | 2.10 | 2.80 | 2.20 2.80 17.50 5 | compartment 5 10.00 990| 990| 9s0| ss0| 960 950 | 010 0.20]|0.50|0.50] 0.20 0.5 5.00 | Suitable Coating.
PortSide Average Wastage Steel Renewal Calculations
As built Ave. SPM Top Plates Wastage Steel Renewal Calculations
strake Thk. G--IU::Ed Ave. ABS
Thk wWastage wWastage T. T. Ave
Diminution | (Diminution) | Allowance | Renewal | Substantial | Repairs Recommendation As bualt Gauged Ave wastage | ABS Wastage T. T. Repairs
Frames | (Zomes) (mm) (mm) (mm) (%) (36) (mm) {(mm) SN | Description | Strake | thickness UTM Gaugings (mm) Thickness | Diminution | (Diminution) | Allowance Renewal | Substantial | Recommendations
1 16.00 12.60 3.40 21.25 20.00 1280 13.60 (mm) 1 2 3 4 5 | (mm) (mm) % % {mm) {mm)
45 2 16.00 12.40 3.60 22.50 20.00 12.80 13.60 Removal of Old
3 16.00 12.30 3.70 23.15 20.00 12.80 13.60 Coating, Surface
a4 2 16.00 10.46 554 34.63 20.00 12.80 13.60 Cleaning and
5 16.00 10.19 5.81 36.32 20.00 12.80 13.60 application of New
21 °© 1200 =80 2:30 15.001 20001 12.80 12.60 1 | compartment 1] 1000| 9.40| 960|970 9.40] 960 9.54 0.46 4.60 2000 |  8.00 8.50 | suitable coating.
7 16.00 13.30 2.70 16.88 20.00 12.80 13.60 Removal of Old
42 8 16.00 13.20 2.80 17.50 20.00 12.80 13.60 costiag. Surface
El 16.00 14.00 2.00 12.50 20.00 12.80 13.60 Cleaning and
a1 10 16.00 13.59 241 15.05 20.00 12.80 13.60 Application of New
1 16.00 19.93 107 5.69 20001 12.80 13.60 2 | compartment 2| 1000| 970| 950|960 950|060 9.58 0.42 4.20 2000| 800 8.50 | Suitable Coating.
40 12 16.00 13.74 2.26 14.11 20.00 12.80 13.60 ~ Tof old
13 16.00 13.39 261 16.29 20.00 12.80 13.60 e :
39 14 16.00 14.72 1.28 8.00 20.00 12.80 13.60 m ¢
15 16.00 13.54 246 15.36 20.00 12.80 13.60 ﬂuwm
38| 16 16.00 14.74 126 7.87 20.00 | _12.80 13.60 Application of New
T 16 00 YT 253 °.5C 20001 12.80 213.60 3 | Compartment 3 1000 | 960 | 9.60|9.60 | 9.60 | 9.60 9.60 0.40 4.00 20.00 8.00 8.50 | Suitable Coating.
37 18 16.00 15.40 0.60 3.75 20.00 12.80 13.60 Eml ofold
19 16.00 14.50 1.50 9.37 20.00 12.80 13.60 “'“.“*"""“‘
36 20 16.00 13.18 2.82 17.60 20.00 12.80 13.60 ﬂﬂ“l‘lﬂ
21 16.00 1333 267 16.67 20.00 | 12.80 13.60 Application of New
35 22 16.00 15.09 0.91 569 20.00 12 80 1360 4 | compartment 4 10.00 | 1000 | 1000 | 9.90 | 9.90 | 9.90 9.94 0.06 0.60 20.00 8.00 8.50 | Suitable Coating.
Table (5): FPSO FPSO and SPM Calm Buoy 15 years life extension hull suitability end results
Hull ID | t-end of destgn life (mm) | t-minmum for life extenston (mm)
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