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ABSTRACT: Studying about 40 projects in the last ten years the authors have accumulated 
ample experience mainly related to analysis procedures for conversion of oil tankers into Floating 
(Production,) Storage and Offloading units (F(P)SO). These projects have required varied and 
substantial structural analyses, involving vessels ranging from 35-year old tankers to new 
buildings, meeting various Class and regulatory requirements. The paper include essential issues 
from the first stage of a such conversion project (HCA), making part of a package that offers a 
comprehensive spectrum of practical F(P)SO structural analysis approaches. They are mentioned 
the main stages of a complete structural analysis and are discussed: wave induced loads; tanker 
and F(P)SO environmental conditions; tanker trading/maintenance history, inspection/repair 
reports, steel wastages and hull defects etc. 
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ANALIZA STARII CORPULUI - PRIMA ETAPĂ A PROIECTULUI DE CONVERSIE A 
UNUI PETROLIER ÎN F(P)SO - REZUMAT: Studiind aproximativ 40 de proiecte în ultimii 
zece ani, autorii au acumulat o experiență amplă în principal legate de procedurile de analiză a 
conversiei petrolierelor în unități plutitoare de producție, stocare și descărcare a produselor 
petroliere (F(P)SO). Aceste proiecte necesita variate și substanțiale analize structurale, implicand 
tancuri petroliere de varste variate (de la 35 ani, pana la constructii noi), de diverse clase și cerințe 
regulamentare. Articolul contine problemele esentiale din prima faza a unui astfel de proiect de 
conversie (HCA) si face parte dintr-un pachet mai amplu care oferă un spectru complet de metode 
practice de analiză structurală a F(P)SO. Sunt mentionate principalele etape ale unei analize 
structurale complete și se iau in discuție: sarcini induse de valuri, condiții de mediu si operare ale 
F(P)SO in locația de exploatare;condiții în timpul tranzitului de la șantierul constructor până la 
locația de exploatare; istoricul exploatării/întreținerii petrolierulului, rapoarte de inspectii/reparații, 
uzura elementelor de oțel și defecte de corp etc. 

Cuvinte cheie:FSO, FPSO, FEA 

ABBREVIATIONS 

ABS - American Bureau of Shipping 
BV - Bureau Veritas 
DNV-GL - Det Norske Veritas-Germanischer Lloyd 
ESF - Environmental Severity Factors (acc. ABS) 
FEA - Finite Element Analysis 
F(P)SO- Floating (Production) Storage and Offloading Unit 
HCA - Hull Condition Analysis 
IACS - International Association of Classification Societies 
ICE – International Contract Engineering Ltd. 
ISE - Initial Scantlings Evaluations (ABS) 
RAO - Response Amplitude Operators 
RTF - Response Transfer Functions 
RMS - Root Mean Squared 
SEAS - Sea Environment Assessment System (ABS) 
TSA - Total Strength Assessment (ABS) 
VLCC - Very Large Crude Carrier 

YRP - Year Return Period 

1. INTRODUCTION 

Over the last thirty years, FPSOs have increasingly 
been used as floating platforms to extract, process, 
temporarily store and then offload into shuttle tankers 
crude oil produced from offshore oil fields that are 
either in waters too deep for fixed sea-bottom 
supported platforms or when the size of the reservoir 
cannot justify more permanent or costly installations. 
Similarly, FSOs have also gained popularity. Both 
FPSOs and FSOs will normally be arranged for riser 
connections to the sea bottom either through a turret 
or a riser balcony, both will have offloading 
facilities, crew accommodations, a heliport, etc.  
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The big difference between FPSOs and FSOs is that 
the former will have a substantial onboard plant for 
treating the oil being extracted, including processes 
for separating sand, water and gas from the oil as 
well as facilities to re-inject water and inject 
chemicals into the subsea wells to maintain the oil 
producing capacity. In this Paper, we refer to them 
commonly as F(P)SOs. 

In a common approach of several classification 
societies, the F(P)SO’s structural components are 
split into three categories: 1) ship areas, consisting of 
main hull structure inherited from the converted 
tanker; 2) offshore areas, consisting of newly added 
specific equipment and facilities, the most important 
being the topside modules, the permanent mooring 
and dynamic risers systems, the offloading stations 
and the cranes; 3) interface areas established at the 
intersection of the ship and offshore areas. 

In many cases, an existing crude oil tanker, either a 
VLCC or a smaller Aframax or Panamax tanker is 
selected as a “donor vessel” to be converted into an 
F(P)SO. Tankers are ideal candidates for conversion 
due to their features such as ample storage capacity 
for oil and produced water, a substantial deck space 
for installation of processing modules (“topsides”) 
and already installed ship service systems and living 
quarters. Investments in conversions in many cases 
require less up-front capital investments and offer a 
faster entry into production than new buildings, yet 
they usually present an important disadvantage in 
shorter production lives and there is a substantial risk 
related to the condition of the donor vessel. 

Taking into account that the original tanker was not 
designed to meet F(P)SO requirements, a wide range 

of demands must to be covered. Environmental 
conditions, specific client requirements (fatigue life, 
extra corrosion margins etc.), operational 
requirements, possible change of Classification 
Society, yard schedule and technology, type of 
permanent mooring on site, safety requirements, 
Statutory and National Authority requirements, 
International Conventions requirements are few of 
the aforementioned demands. 

From a structural strength point of view, all the 
above requirements are usually solved in three main 
stages: (1) Hull Condition Analysis (HCA); (2) Total 
Strength Assessment (TSA); TSA is employed for 
verification of the hull structure by means of an 
advanced structural analysis using Class dedicated 
software tools; (3) Structural Integration of Specific 
Equipment (SISE), i.e. analysis of the structural 
adequacy (specific marine and offshore equipment 
and facilities) to support a wide range of loads and 
combinations of loads (such as loads induced by 
environment, inertial loads induced by equipment, 
loads induced by operation, accidental loads etc.). 

HCA is employed to establish initial local scantlings 
by taking into account the corrosion status of the 
tanker at the actual stage  of its trading life, the Class 
requirements and rules, the longitudinal and ultimate 
strength criteria of the hull girder (bending, shear, 
ultimate), and the fatigue life of longitudinal stiffener 
end connections. The local scantlings, once having 
the owner/yard/class acceptance/approval, lead to a 
steel renewal report as a basis for FPSO hull design. 

A helpful image of the scope of HCA for a tanker to 
FPSO conversion (ICE, 2010) is presented in Fig. 1 

 

Fig. 1 Apollo Sun tanker – Bottom plates steel renewals VLCC to FPSO Conversion – Hull Condition Analysis (HCA) - 
Sample 

Concerning fatigue, damage is induced by cyclic 
loads due to environmental pressure, hull girder 
bending, ship motions, functional low-cycle loads 
(loading-offloading) and equipment operational 
loads. The chosen tanker has normally been 
subjected for short periods to fatigue loads resulting 
from sea states more severe than expected at the 
F(P)SO location, but overall the actual long term 
history of stresses may prove less damaging than 
provided for in the original tanker design.  

The usually milder environment at the F(P)SO site 
can nevertheless induce more damaging cyclic loads 
than those during trading life due to extended 
permanent exposure.1) 

                                                 
1)In order to assist the structural engineers in speeding up 
the design, Classification Societies have developed their 
own dedicated software tools, applicable also to F(P)SO 
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2. WAVE INDUCED LOADS 

Together with the static loads in still water the 
additional dynamic loads induced by waves are the 
most important ones with respect to F(P)SO vessels’ 
strength. The dynamic loads exerting on the hull and 
equipment are the dynamic wave external pressures 
and the inertial accelerations due to offshore unit 
motions - which in turn produce at hull girder 
sections bending moments and shear forces, internal 
pressures due to cargo/ballast inertia and inertial 
forces from equipment.2)  

Design environmental conditions presents a major 
difference between a tanker and an F(P)SO. The 
F(P)SO design is performed for a 100-year return 
period, site-specific wave conditions, while a trading 
tanker design is based on 20-year return period, 
unrestricted service environment conditions (Jeom 
Kee Paik, 2007). To benefit from the more benign 
environment the wave-induced loads for F(P)SOs are 
established based on numerical hydrodynamic 
analyses of the motions of the vessel in waves. The 
effective method is usually a linear potential one, 
and, in view of the large dimensions and specifically 
the wide beam of F(P)SO vessels, the classification 
societies request it to be a 3D radiation-diffraction 
approach (ABS, 2014; BV, 2014; DNV-GL, 2014) 

The linearity is based on several simplifying 
assumptions (specifically the vertical side shell 
assumption, implying that wave effects are linear 
with their heights) and allows the analyses to be 
performed on fully regular waves in a harmonic 
formulation with unit incident wave height. The 3D 
approach is based on a panel discretization of the 
units’ wetted hull on which the equations for the 
hydrodynamic velocity potentials of radiation and 
diffraction are solved numerically. By superposition 
of the potentials, including also the undisturbed 
incident wave’s one (Froude-Krylov), the harmonic 
pressures on the wetted hull can be derived; through 
the integration of the differential equations of 
motions governed by the hull pressures and the 
offshore unit’s inertial characteristics, the harmonic 
motion response of  the offshore unit is obtained (in 
term of displacements) 

By harmonic solution or response a sinusoidal 
function of time is to be understood, similar to the 
exciting wave elevation:  

                                                                         
units (e.g. ABS Eagle FPSO, BV VERISTAR, DNV 
SESAM, LR SHIPRIGHT etc.). 
2)Highly dynamic and/or infrequent wave effects such as 
slamming, sloshing and green water are also important and 
are always accounted for in the F(P)SO design. However 
such infrequent dynamic effects are not discussed here, the 
focus being the quasi-regular harmonic short term loads in 
a given sea state. 

 A(t) = A0 cos(ωt + φ).  (1) 

The response will have the same frequency ω as the 
wave and constant amplitude A0 and wave-relative 
phase φ; it is thus fully described by the pair (A0, φ). 
The responses/solutions are dependent on the wave 
frequency ω and heading angle θ and therefore the 
analyses are performed for a significant number of 
their combinations. The results are aggregated into 
Response Transfer Functions (A0(ω,θ), φ(ω,θ)). For 
the unit incident wave height considered in the 
hydrodynamic analyses and the assumed linearity, 
the actual response amplitude in regular waves of 
finite wave height Hw will be: 

 A = A0 Hw . (2) 

The square of the amplitude part of RTF is a proper 
definition of RAO (Response Amplitude Operator) 
and it is sufficient to obtain the power spectrum 
density of a response from the irregular exciting 
wave spectrum. 

The results of the hydrodynamic analysis are thus 
RAO. Their usage in the structural analysis are: to 
distribute external pressures on the hull, used in 
advanced spectral-based fatigue analysis; to find unit 
COG (Centre of Gravity) motions in three directions, 
both translational and rotational (six degrees of 
freedom); to find unit COG accelerations applied to 
FE Model; to find accelerations at specific locations 
– inertial loads from equipment in structural 
integrations (local FEA); to determine wave hull 
girder bending moments and shear forces. 

The hydrodynamic motions analyses are useful for 
the F(P)SO marine design, e.g. relative hull-wave 
positions, relative hull-wave velocities and fluid 
domain velocities. They are also valuable for 
analyses of mooring and dynamic riser systems, 
green water and slamming, bilge-keel strength and 
optimization. 

Having comprehensive RAO sets of the above a wide 
range of accurate significant load levels can be 
obtained through spectral analysis for given spectral 
representations of the wave environment. The results 
can be obtained for short-term sea states or long-term 
metocean diagrams, in the formats of probability of 
exceedance, Yearly Return Period (YRP) or most 
probable extreme values formats at various 
probability levels.  

Generally the motion analyses are performed for the 
free unit, i.e. without considering the influence of the 
mooring and riser systems. The above described 
capabilities are fully included in commercial 
dedicated software packages (WAMIT, ANSYS 
AQWA, DNV Wadam and several others) that may 
implement advanced approaches and capabilities. 
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A special implementation is to be noted for the ABS 
Eagle FPSO software which provides the required 
basic functionality for F(P)SO structural analyses 
through the SEAS (Site-Specific Environmental 
Analysis System) module. The module does perform 
the required RAO and spectral calculations but in a 
manner transparent to the user and use the results 
based on the ABS developed concept of the 
Environment Severity Factors (ESF) (ABS, 2014). 
SEAS calculates based on the RAO two types of 
ESFs which are referred to as β-ESF and α-ESF. The 
ESF concept is a highly valuable tool since a key 
factor in the earlier tanker vetting decision on the 
conversion suitability of a trading tanker is the 
comparison of the environment severity of the 
F(P)SO intended site and the environmental 
condition used for the tanker hull design.  

The ABS ESF concept allows a quick comparison 
between the loading and loads effects produced by 
the full ocean navigation service and the F(P)SO 
intended site environmental conditions. The main 
input data needed for the ESF calculations are the 
Response Amplitude Operators (RAOs) and the wave 
data for the voyage and transit routes and for the site-
specific environment. In order to support the 
conversion decision in earlier design stages, a 
database of representative RAOs is included in SEAS 
software and can be used in lieu of accurately 
computed ones, further speeding the assessment of 
the feasibility of the conversion. 

3. DONOR VESSEL HISTORY AND 
F(P)SO NEW ENVIRONMENT - THE 

KEYS TO HCA 

The main scope of the HCA is to estimate the 
required steel renewals of the tanker hull structure 

taking into consideration the F(P)SO characteristics 
and working conditions against the tanker 
characteristics. Generally, a HCA includes several 
issues that will be below examined. 

3.1 The Analysis of the New Environmental 
Conditions and the Navigation Condition Used for 

the Trading Tanker 

The analysis of the differences between the intended 
environmental conditions for the converted F(P)SO 
and the design conditions used for the trading tanker 
is a key factor of a HCA. This analysis may be 
performed using the SEAS module. If the ESF values 
show that the dynamic loads and the expected fatigue 
damage for the new intended environmental 
conditions are less severe than those corresponding to 
the unlimited navigation conditions, it may be 
anticipated that the use of a converted F(P)SO is 
more advantageous than to build a new F(P)SO, at 
least from a structural point of view. Otherwise, 
additional details of the conversion cost have to be 
carefully studied in order to estimate the conversion 
suitability.  

ICE (2010) presents the conversion feasibility study 
of a trading tanker, Apollo Sun, for two different 
offshore fields, namely Jubilee (Ghana) and Tupi 
(Brazil). The analysis of the ESFs values calculated 
using SEAS showed that the Jubilee environmental 
conditions are less severe while the Tupi 
environmental conditions are more severe than the 
unlimited navigation condition. The HCA 
conclusions were that the steel renewal weight 
needed for the tanker conversion were only abt. 386 t 
for Jubilee conditions while for Tupi conditions abt. 
2400 t. 

Table 1 - β-ESFcomparison Jubilee vs. Tupi fields 

    Design Environmental/Transit Condition 

No Description 
Spread 

mooring Tupi 
Spread mooring 

Jubilee 
Turret 
Jubilee 

Transit 
Tupi 

Transit 
Jubilee 

β1  Vertical Bending Moment 0.929 0.367 0.379 0.637 0.575 
β2  Horizontal Bending Moment 1.373 0.447 0.579 0.723 0.666 
β3  Port Side Pressure 0.580 0.229 0.335 0.697 0.636 
β4  Starboard Side Pressure 1.099 0.380 0.363 0.702 0.652 
β5  Vertical Acceleration 1.147 0.474 0.391 0.617 0.551 
β6  Transverse Acceleration 1.422 0.494 0.441 0.622 0.561 
β7  Longitudinal Acceleration 0.945 0.407 0.407 0.570 0.497 
β8  Pitch Motion 0.939 0.402 0.358 0.617 0.550 
β9  Roll Motion 1.136 0.512 0.415 0.547 0.477 
β10  Vertical Relative Motion 0.863 0.371 0.371 0.641 0.558 
β11  Wave Height 0.822 0.353 0.353 0.700 0.637 
β12  Vertical Shear Force 1.020 0.349 0.362 0.641 0.602 
β13  Horizontal Shear Force 1.318 0.427 0.556 0.737 0.680 

The service history of the vessel and the relative 
severity of historical environments compared with 
the unlimited navigation environment have to be used 
for the evaluation of the accumulated fatigue damage 
in the trading tanker structure. If the voyage records 
for a certain period are missing, the unlimited 

navigation conditions may be used instead for that 
period. This is a suitable conservative approach for 
the HCA but it has negative influence on the goal to 
avoid unnecessary steel renewals. It is very important 
to use an accurate service history in predicting of the 
accumulated fatigue damage calculations for the 
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trading period because the accumulated fatigue 
damage value based on the service history is, 
generally, much smaller than the value based on 
unlimited navigation conditions. For instance, the 
accumulated fatigue damage during the trading 
period, calculated for some converted F(P)SOs (ICE, 
2005; 2006; 2010; 2012) based on the service history 
were calculated in a range of 0.18 to 0.28. If the 
unlimited navigation conditions had been used, the 
accumulated fatigue damage for the same period 
would have been evaluated in a range of 0.7 to 0.9.  

3.2 The Analysis of The Voyage History as Trading 
or Shuttle Tanker  

Another key factor needed to estimate the conversion 
suitability and feasibility is the identification of steel 
wastages and hull areas with defect history using 
thickness measurements and the analysis of available 
inspection / repair reports. Before starting the 
conversion design, it is mandatory to carry out an 
internal and external structural survey of the hull and 
take thickness measurements. Generally, the 
thickness measurement reports include a list of the 
steel renewals based on the Class prescriptions for 
trading vessels. For the converted vessels, this list 
has to be updated considering that: no dry-docking 
will normally be performed during the F(P)SO’s 
service life, therefore no structural members can be 
allowed to reach substantial corrosion level during 
F(P)SO service life and all members shall comply 
with the Class requirements at the end of the service 
life; the as-built scantlings of the tanker may be too 
conservative for the F(P)SO future working 
conditions therefore a set of reassessed scantlings has 
to be determined and used as a basis for the 
determination of the renewal thicknesses. 

The results of thickness measurements must be used 
in the hull structural analysis and in the preparation 
of the hull steel renewal specification. All damaged 
areas (cracks of any nature) and all defective 
structural elements (welds and warped areas) will be 
marked for replacement or restoration to as-built 
specifications. Hull areas with defect history will be 
extensively checked during strength and fatigue 
calculations performed for the converted F(P)SO.  

3.3 The Hull Structure Initial Scantlings 
Evaluations (ISE) 

The hull structure Initial Scantlings Evaluations (ISE) 
has two aspects:1) evaluation of the existing hull 
structure for the tanker loads and actual scantlings 
rules in order to reveal the tanker weak structural 
elements and the influence of the rule changes 
between the tanker design rule version and the 
current rules; 2) evaluation of the converted F(P)SO 
structure using F(P)SO loads and applicable rules and 
the reassessed net thicknesses determination. This 
kind of hull structure evaluation includes: 

‐ the local structural assessment (yielding and 
buckling check of longitudinal and transverse, 
ordinary and primary members, sloshing 
assessment for the tank boundary structure, fore 
body shell structure check for impact loads); 

‐ the fatigue assessment of longitudinal stiffener 
end connections with web frames and transverse 
bulkheads; 

‐ the hull girder longitudinal bending and shear 
strength evaluation; 

‐ the hull girder ultimate strength check. 

Special attention must be paid to the conversion 
studies and the hull condition analyses if the Class 
Society adopted for the converted F(P)SO survey is 
not the same Class as used for the tanker design. 
There are many differences between the philosophies 
included in the main Class Societies scantling rules 
applied before implementation of the Common 
Structural Rules for Tankers. A special analysis of 
the HCA results must be performed together with the 
Class Society adopted for the F(P)SO survey in order 
to identify methods to reduce needless steel renewals. 

3.4 Establish of the Reassessed and Renewal 
Thicknesses. The Steel Renewal Amount. 

The determination of the reassessed net thicknesses is 
an iterative process based on ISE results. The 
reassessed net thicknesses consist in a set of net 
thicknesses which satisfy the actual structural Class 
rules for the F(P)SO conditions. They may be lower 
or higher than the as built scantlings of tanker 
structure and have to be used for the calculation of 
the renewal thickness values. 

Both ABS and BV Classification Societies 
recommend the use of the reassessed thickness 
determination to establish the renewal thicknesses or 
reinforcements for conversion work. The renewal 
thicknesses are the gross scantling values under 
which the steel plate is to be changed during 
conversion work. Because the cargo area is the most 
affected region by the structural and load changes 
during the conversion, the reassessed and the renewal 
thickness determination may be based on the 
scantling evaluation (ISE) for the cargo area only. 
The renewal thicknesses for other hull parts may be 
only determined based on the thickness measurement 
report. The renewal thicknesses determined based on 
reassessed values may be lower than the renewal 
values presented in the thickness measurement 
report. Consequently, the amount of steel renewals 
may be reduced if the above calculation process is 
used. 

The steel renewal amount may be strongly influenced 
by the environment severity of the F(P)SO’s intended 
site. Fig. 2 presents a comparison between the steel 
renewals based on thickness measurement report (a) 
and on the reassessed thickness determined for two 
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sites: Jubilee (Ghana) (b), a less severe site and Tupi 
(Brazil) (c), a harsh environmental site (ICE, 2012). 
It may be observed the influence of the environment 
severity and the impact of the reassessed thickness 
procedure on the steel renewal amount 

a) according thickness measurement report 
 

b) based on the reassessed scantling evaluation for 
Jubilee (Ghana) site  

c) based on the reassessed scantling evaluation for Tupi 
(Brazil) site 

Fig. 2Apollo Sun tanker – Bottom plates steel renewals 

The steel renewal amount may also be strongly 
influenced by the hull structure material type. The 
usage of the high strength steel in way of the neutral 
axis for side shell (splash area) may result in a bigger 
amount of steel renewals. For example, the analysis 
of tankers whose side shell material in the neutral 
axis was mild steel (ICE, 2005 and 2007) showed no 
renewal need. The conversion study of some tankers 
having high tensile steel in the splash area (ICE, 
2010 and 2012) showed the necessity of about 300-
800 t steel renewal weight for the side shell. The 
great steel wastage in the side splash area and the 
future corrosion additions based on the F(P)SO 
service life without dry-docking are often the main 
reasons for steel renewal requirements  

4. CONCLUSIONS 

In conclusion, based on the above presentation of the 
HCA, the following aspects have to be considered at 
the beginning of a conversion design to mitigate the 
steel renewals and to reduce the conversion: 

‐ The possible change of Class and the application 
of new Class notations implies new applicable 
rule requirements. 

‐ The tanker (existing) hull structure has been 
designed in accordance with older rule versions 
for unlimited navigation conditions.  

‐ The converted F(P)SO will be permanently 
moored 12-20 years without any dry-docking, in 
an oil field having environmental conditions that 
may differ significantly from the unlimited 
navigation conditions used for the initial design 
of the tanker structure. 

‐ The tanker was in service for 12-20 years before 
conversion therefore the hull structure has a 
certain degree of corrosion wastage. 

‐ The hull structure has already accumulated some 
fatigue damage whose value depends on the 
voyage history of the tanker as trading vessel or 
shuttle tanker. 

‐ Generally, the maximum draught will be 
changed (increased). Other main dimensions and 
characteristics will be changed too. 

‐ The tank arrangement and types of liquid in 
tanks (liquid densities and corrosion 
characteristics) will be modified (especially for 
old single hull tankers). 

‐ Additional loads on deck will occur due to the 
topsides, risers and new mooring system. 
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9Aft 8Aft1 7Aft1 6Aft 5Aft 4Aft 3Aft 2Af t 1Aft Amid1 1Fore1 2Fore1 3Fore 4Fore 5Fore 6Fore 7Fore 8Fore 9Fore 10Fore

H 21.5 21.5 21.5 21.5 21.5 21.5 20.0 18.0

G 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 18.0 23.0

F 23.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 18.0 23.0 25.0

E 23.5 21.0 21.0 21.0 21.5 21.5 21.5 20.5 19.0 18.0 23.0 25.0 25.0

D 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

C 22.0 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

B 22.0 20.0 22.0 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

A 32.0 21.5 22.0 20.0 22.0 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

K 32.0 26.0 26.0 23.5 25.5 25.5 25.5 22.5 22.5 22.5 22.0 22.0 22.0 23.5 23.5 21.0 22.5 25.0 25.0 25.0

K 32.0 26.0 26.0 23.5 25.5 25.5 25.5 22.5 22.5 22.5 22.0 22.0 22.0 23.5 23.5 21.0 22.5 25.0 25.0 25.0

A 32.0 21.5 22.0 20.0 22.0 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

B 22.0 20.0 22.0 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

C 22.0 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

D 23.5 23.5 21.0 21.0 21.0 20.5 20.5 20.5 20.5 19.0 18.0 23.0 25.0 25.0

E 23.5 21.0 21.0 21.0 21.5 21.5 21.5 20.5 19.0 18.0 23.0 25.0 25.0

F 23.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 18.0 23.0 25.0

G 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 18.0 23.0

H 21.5 21.5 21.5 21.5 21.5 21.5 20.0 18.0
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Plate 9Aft 8Aft1 7Aft1 6Aft 5Aft 4Aft 3Aft 2Aft 1Aft Amid1 1Fore1 2Fore1 3Fore 4Fore 5Fore 6Fore 7Fore 8Fore 9Fore 10Fore

H 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0

G 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0

F 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0

E 21.5 21.5 21.5 21.5 21.5 21.5 22.5 21.5 20.0 20.0 25.0 25.0 25.0

D 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

C 20.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

B 22.0 20.0 20.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

A 32.0 21.5 22.0 20.0 20.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

K 32.0 26.0 26.0 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 25.0 25.0 25.0 25.0

K 32.0 26.0 26.0 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 25.0 25.0 25.0 25.0

A 32.0 21.5 22.0 20.0 20.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

B 22.0 20.0 20.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

C 20.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

D 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

E 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0 25.0

F 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0 25.0

G 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 25.0

H 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0
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