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DEFINITIONS 

The following definitions are used for the purpose of this technical specification: 

• ALS Accidental Limit State 

• BE Best estimate 

• C-Mn Carbon Manganese Steel 

• CONTRACTOR 

• CoR 

The company responsible for the design of the risers and related 

equipment. 

Center of Rotation (see Figure 7) 

• CRA  Corrosion Resistant Alloy 

• CRA Pipes When referred herein, means clad pipes or lined pipes 

• Fatigue sensitive 
Sections 

The fatigue sensitive riser sections will be the sections not classified as 

non-fatigue sensitive, according to  Table 1 (item 5.19). 

• Design Life 

• DNV 

• DNV UF 

Operation, installation and decommissioning duration, as per [2]. 

Det Norske Veritas 

DNV Usage Factor 

• DOF Degree of Freedom 

• ECA Engineering Critical Assessment 

• EHMP 

• EOL 

Equivalent Harmonic Motion Procedure 

End of Life 

• FEA Finite Element Analysis 

• FEM Finite Element Method 

• FXJ Flexible Joint 

• FPSO Floating, Production, Storage and Offloading Unit 

• FPU  

• HOA 

Floating Production Unit 

Hang-Off Adaptor 

• Hs 

• ILA 

• KH 

Wave Significant Height 

In Line Anchor 

Keel Hauling 

• LRFD Load and Resistance Factor Design 

• LE 

• LTSJ 

Lower Estimate 

Lower Titanium Stress Joint 

• Metocean 

• movX, movY, 
movZ, movRX, 
movRY,movRY 

• NMP 

Meteorological & Oceanographic 

FPU motions (translational and rotational) imposed at riser top 

connection, at FPU local reference system (see Figure 7). 

No Motion Point 
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• PETROBRAS 

• PLET 

• Project 

PETROBRAS - Petróleo Brasileiro S.A. 

Pipeline End Terminal 

Scope of activities performed by the CONTRACTOR for a specific field 

and host FPU 

• RAO 

• (Riser) Top 
Connector 

Response Amplitude Operator 

Generically refers to the equipment that promotes the connection of the 

riser to the platform, distributing the interface loading while allowing 

unimpeded passage of carried fluids. It may be Flexible joint, steel or 

titanium Stress Joint or other devices clearly specified within Project 

Documentation. 

• RMS 

• SAG&HOG 

Root Mean Square 

Regions of the SLWR configuration - See FIGURE 1 

• SCF Stress Concentration Factor 

• SCR Steel Catenary Riser  

• SJ 

• SLWR 

• SMS 

• SMYS 

Stress Joint (that can be built with steel or titanium material) 

Steel Lazy Wave Riser 

Spread Moored System 

  Specified Minimum Yield Stress 

• SN curve 

• SOL 

• SPM 

• SUPPLIER 

• Support-tube 

• SWL 

  Stress range versus number of cycles design curve 

  Start of Life 

  Single Point Moored (Turret System) 

The organization that constructs the equipment or item referred to in the 
text, and provides it under a Purchase Order directly to the PETROBRAS 
or through the CONTRACTOR for riser EPCI 

Generic term that refers to the tubular support type installed at the lower 

riser balcony. Support–Tubes can be I–Tube, BSMF, BSDL, RMoST and 

TSUDL. The specific Support type of the Project is defined in [2]. 

Still Water Level 

• TD Time Domain 

• TDP Touch Down Point – Point on which the riser touches the soil 

• TDZ 

• TiPT 

• ToT 

Touch Down Zone – Zone of variation of TDP 

Titanium Pull-in Tube 

Top of Taper (see Figure 7) 
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• Tp 

• TRF 

• TSJ 

• UE 

• ULS 

• UTSJ 

Wave Peak Period 

Transition Riser-Flowline 

Titanium Stress Joint 

Upper Estimate 

Ultimate Limit State 

Upper Titanium Stress Joint 

• TRF Riser/Flowline Transition – Point considered as the transition between 

riser and flowline, based on a soil contact, without lateral and vertical 

displacements due to the riser dynamic along the design life  

• VIM Vortex Induced Motion 

• VIV Vortex Induced Vibration 

 

Shall Indicates a mandatory requirement 

Should Indicates a preferred course of action 

May Is used where alternatives are equally acceptable 
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1. INTRODUCTION 

1.1. OBJECTIVE 

The purposes of this Technical Specification are: 

• To define the requirements for the analysis procedure to be employed; 

• To establish the acceptance criteria to be employed in the Structural Detailed Design of the SLWR 

configurations; 

• To define the deliverables minimum content.  

1.2. SCOPE OF WORK 

CONTRACTOR shall proceed to the complete structural verification of SLWR configurations. This work 

shall include all aspects related in this Specification and others that may be added as a function of the 

Codes or other recommendations, in order to guarantee that the riser is structurally safe for the intended 

design life under the operational, accidental, temporary and installation conditions.  

Despite the identification of lines presented in [2], a complete set of steel risers shall be designed to be 

installed in any of the riser balcony supports designated for its function, regardless of the installation 

type (direct pull-in and KH). The results of all steel risers shall be documented. 

The Detailed Design shall incorporate the real characteristics of the purchased equipment related to 

the riser construction, such as: 

• Riser configuration definition; 

• Buoyancy modules characteristics (material, dimensions, etc); 

• Clad or lined pipe length and wall thickness; 

• C-Mn pipe length and wall thickness; 

• FXJ/ SJ capacity in terms of angular deflection and tension; 

• VIV suppressors characteristics (type, length, pitch, dimensions, etc). 

1.3. TYPICAL SLWR CONFIGURATION 

SLWR - Compliant riser configuration with intermediate buoyancy sections designed to absorb most of 

FPU vertical motion, improving the riser response in the TDZ and avoiding critical stresses oscillations. 
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Figure 1 – SLWR Configuration  
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2. DESIGN ANALYSIS REQUIREMENTS 

A document designated “Design Basis Report" will be generated at the beginning of this Detailed 

Structural Design, as described in section 10.1.1, incorporating all final supplier data involved in riser 

configurations. 

The report “Design Premise and Methodology" shall detail and describe the methodologies and/or 

design requirements, applied codes, design criteria and any additional engineering assumption that are 

not clearly defined and established in this technical specification, as described in section 10.1.2. The 

computer programs or finite element package to be used shall be named and described. Any 

methodology criteria or design parameter that is not mentioned in this Technical Specification, but is 

considered necessary to the design, shall be submitted to PETROBRAS for approval and incorporated 

in the final version of the “Design Basis Report” or in the “Design Premise and Methodology”, depending 

on the type of information (see sections 10.1.1 and 10.1.2). 

The analyses methodology described in next sections may solely be modified with PETROBRAS 

consent. CONTRACTOR may include additional items considered essential to improve the reliability of 

the design, and this shall be submitted to PETROBRAS for approval. 

The main verification tasks covered by this document are:  

• Establishment of a representative structural global analysis model; 

• Extreme Combined Load Effect Analysis; 

• Wave and Motion Fatigue Analysis; 

• Current VIV Fatigue Analysis; 

• Heave-Induced VIV Fatigue Analysis; 

• Slugging Effect Analysis. 

The following tasks are covered by other technical specifications: 

• Wall Thickness Sizing Verification; 

• Interference Analysis; 

• Installation Analysis; 

• Riser-Soil Interaction Analysis. 

The basic Codes are referred in section 11. Other codes may be referenced or used in any specific 

aspect if subjected to PETROBRAS for approval. 
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The following sections 5, 6 and 7 will provide two approaches for the riser design: one with the base 

case main parameters and other with sensitivity studies for possible variations of these parameters. 

Note that the CONTRACTOR shall guarantee the accomplishment of the design criteria for both 

approaches.  
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3. DESIGN DATA DEFINITION 

Table 1 considers the totality of data that will be the input for the detailed verification of the risers. 

Table 1 
Analysis Data 

SEQ. DATA DATA SOURCE 

1 FPU DATA 

1.1  Calibrated RAOs (for all operational drafts)  See reference [2] 

1.2  Operating time frequency of RAO drafts for Fatigue 

Analysis  

See reference [2] 

1.3  Extreme Offsets in terms of water depth percentage 

(%) for Extreme Analysis 

See reference [2] 

1.4  Offsets for Wave Fatigue Loading Cases. See reference [2] 

1.5  Calibrated FPU 2o order motions for representative 

drafts, in terms of harmonic motion and/or time 

traces, for Extreme and Fatigue analyses, when 

applicable 

See reference [2] 

1.6  Alternatively, time traces of Full dynamic response 

(1st and 2nd order random motions from coupled 

model)  

See reference [2] 

1.7  The angle magnitudes and directions to be 

considered in the platform hull damaged - accidental 

condition for Extreme Analysis  

See reference [2] 

1.8  Vortex Induced Motions (VIM): time traces or pairs 

of amplitude-period corresponding to loading cases, 

when applicable 

To be provided by 

PETROBRAS in reference 

[2].  

Not applicable for FPSOs. 

1.9  FPU Heading for SMS (spread mooring) and FPU 

Heading per loading case for SPM (turret mooring) 

for Extreme and Fatigue analyses 

See reference [2] 

1.10  Drawings showing the riser connection points, the 

riser function sequence and riser azimuths   

See reference [2] 

1.11  Data of the fairleads locations and mooring lines 

configuration to be used in the Interference 

verification between riser and mooring  

See reference [2] 

1.12  FPU drafts 
See reference [2] 

All operational drafts 

provided will be used  

1.13  The relative angle between turret type FPSO and 

waves to be considered in the Extreme Analysis 

To be provided by 

PETROBRAS in reference 

[2], if applicable.  

Not applicable for spread 

moored SMS FPU 
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1.14  Directional offsets to be adopted in the Interference 

Analysis 

See reference [2] 

2 METOCEAN DATA 

2.1  Wave fatigue loading cases with correlated bi-modal 

waves, current profiles and winds 

See reference [17] 

2.2  Fatigue current profiles (*1) See reference [16] 

2.3  Extreme waves  See reference [16]  

2.4  Extreme currents (*1) See references [16] 

2.5  Duration and evolution of extreme current profiles 

for VIV and Interference Analyses(*1) 

See reference [17] 

3 GEOTECHNICAL DATA 

3.1  Soil Vertical and Lateral Stiffness for different pipe 

embedments, depending on the analysis type (see 

section 4.7) 

Based on reference [15] 

3.2  Equivalent lateral and axial friction coefficients for 

different pipe embedments, depending on the 

analysis type (see section 4.7) 

Based on reference [15] 

3.3  Seabed slope in the riser plane, between TDZ and 

TRF (see section 4.7) 

Based on reference [15] 

4 TOP CONNECTION 

4.1  Riser top connector: Flexible Joint (FXJ), Stress 

Joint (SJ), Titanium Pull-in Tube (TiPT) 

See reference [2] 

4.2  Flexible Joint (FXJ) data  To be provided by 

CONTRACTOR, according 

to the supplier information, 

when FXJ is the connection 

type - See references 

[19][22] 

4.3  Stress Joint (SJ) data To be provided by 

CONTRACTOR, according 

to the supplier information, 

when SJ is the connection 

type - See references 

[20][22] 

4.4  Titanium Pull-in Tube (TiPT) data To be provided by 

CONTRACTOR, according 

to the supplier information, 

when TiPT is the connection 

type - See reference [21] 

4.5  Length and geometry of the Top Connection joint 

Extension 

To be defined by 

CONTRACTOR 

4.6  Receptacle angle See reference [2] 
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4.7  Support/ receptacle limit loads See reference [2] 

4.8  Support type and dimensions See reference [2] 

5 RISER DATA 

5.1  Internal diameter See reference [2] 

5.2  Wall thickness(ess) (unique along the riser or values 

along the riser with the curvilinear position of the 

transitions, if any) 

To be defined by 

CONTRACTOR  

5.3  Steel grade See reference [2] 

5.4  Top angle  To be defined by 

CONTRACTOR, in 

accordance with Receptacle 

angle (section 4.10) and 

submitted for PETROBRAS 

approval.   

5.5  Riser PLET location See reference [2] 

Defined by PETROBRAS at 

the subsea layout 

5.6  Corrosion allowance See reference [2] 

5.7  Minimum length of clad pipe See reference [2] 

5.8  Thickness for thermal insulation coating To be calculated by 

CONTRACTOR based on 

the requirements defined by 

PETROBRAS - See 

reference [2] 

5.9  Design Life See reference [2] 

5.10  S-N curves to be used in the damage evaluation, 

on the internal and external fibers of the riser cross 

section, for the clad pipes, lined pipes and C-Mn 

pipes, considering sensitive and non fatigue 

sensitive sections 

See reference [2]  

Any change coming from 

the welding qualification 

program shall be 

incorporated 

5.11  Penalty factor to be used for the S-N curve for C-

Mn pipes, as a function of the corrosion-fatigue 

effect of aggressive internal contents 

See reference [2]  

 

5.12  Internal misalignment (hi-lo) value to be used in 

the SCF calculation 

See reference [24] 

5.13  Initial ovalization (fabrication and reeling, if 

applicable)  

To be defined by 

CONTRACTOR 

5.14  Fabrication tolerances with relation to wall 

thickness  

Clad pipes, lined pipes and 

C-Mn pipes: to be defined 

by CONTRACTOR, based 

on supplier information and 
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PETROBRAS requirements 

[9][10][11][12]  

5.15  Weights (dry and wet) to be considered to 

represent the J-LAY collars or sleeves, when 

applicable. 

Dimensions shall be 

proposed by 

CONTRACTOR 

5.16  Maximum structural damping  0.3%  

5.17  Safety Factor for Wave&Motion and Slug fatigue 

analyses (for safety class high) 

DFF1 = 10  

5.18  Safety Factor for VIV and Heave induced fatigue 

analyses (for safety class high) 

DFF2 = 20 for linear 
damage summation.   
DFF1 = 10 for quadratic 
damage summation. 

5.19  Minimum total fatigue life (factored by DFFs) to 

be achieved by non fatigue sensitive riser sections  

40*Design Life (see item 

5.9 above) 

6 OPERATIONAL CONDITIONS 

6.1  Riser Function See reference [2] 

6.2  Profiles of pressure, temperature and internal fluid 

density data for design, operational, incidental and 

transient conditions 

See reference [28] 

6.3  Slugging data, when applicable See reference [2]  

7 POSITIONING ERRORS 

7.1  Subsea equipment (anchor system or fixed point) 

positioning error 

See reference [2]  

8 VIV SUPPRESSOR 

8.1  Suppressor type to be considered See reference [2] 

9 BUOYANCY MODULES 

9.1  Buoyancy modules characteristics (for lazy-wave 

configuration application). 

See reference [2] 

10 DATA FOR INTERFERENCE ANALYSIS 

10.1 Configuration data of neighbor risers for 

interference calculation 

See reference [2] 

10.2 FPU geometrical characteristics near riser support See reference [2] 

11 PIPE SECTION PROPERTIES 

11.1 Geometrical characteristics See reference [2] 

(*1) For riser analyses, linear interpolation criteria for bottom current profile and indication of current velocity at level 
zero (surface) shall be in accordance with Appendix B.  
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4. STRUCTURAL GLOBAL MODEL DEFINITION 

4.1. FINITE ELEMENT MODEL 

The finite element model to be used shall include the effect of steel riser coating (all layers), buoyancy 

modules, VIV suppressors and riser top connector (FXJ, SJ or TiPT) including the extension detailed 

geometry. 

The finite element mesh shall be proven adequate through a sensitivity study that shall be presented 

and submitted to PETROBRAS for approval. The lengths of the finite element used shall be chosen 

according to the criticality of each section under analysis:  

• Near the top region, the changing in wall thickness of the tapper section shall be represented, 

requiring smaller elements. The FXJ extension dimensions and stiffness of the flexible element (per 

load combination) shall be defined by supplier.  

• For the TDZ, the elements shall be shortened to adequately capture the riser-soil interaction.  

• Also, in the buoyancy modules region (the convex and concave regions) smaller elements shall be 

used and each buoyancy module shall be modelled individually for all design criteria. 

4.2. WALL THICKNESS 

Minimum wall thickness for design checks shall be considered as described in DNV-ST-F201 [3].  

The corrosion allowance, for C-Mn pipes, shall be considered as a corrosion occurring around the entire 

circumference of the specific section being verified.  

Fabrication tolerances shall be considered as described in the design code and PETROBRAS 

requirements [9], [10], [11] and [12], according to the specifications of each pipe used. 

The riser shall be simulated with the nominal characteristics and the forces calculated as if no corrosion 

or thickness reduction is present. The reduced section shall be considered for stress calculation.  

For CRA layer, see section 4.3 bellow. 

4.3. CLAD AND LINED PIPES 

For Extreme Load verification, clad and liner CRA layer shall be considered as contributing for riser 

weight and structural stiffness. However, the clad and liner CRA layer shall be neglected for the riser 

strength calculation. Thus, for the forces and bending moments evaluation, the clad and liner CRA layer 

contribution shall be considered. On the other hand, the CRA layer thickness shall be subtracted from 

the pipe wall thickness and considered as a corrosion allowance for riser resistance evaluation. 

When applying the above proposition, if in some situation the pipe does not meet the DNV code 

requirement [3], CONTRACTOR may propose an alternative procedure including clad/liner contribution 

to the total pipe resistance [8], [9] and [10]. This procedure shall be approved by PETROBRAS. 
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Lined pipes minimum curvature radius (RCmin) obtained in the Extreme Loads simulation shall be 

verified according to following equation: 

 

𝑅𝐶𝑚𝑖𝑛 =
𝑂𝐷. (𝑂𝐷 − 2𝑡2)

𝑡𝑙𝑖𝑛𝑒𝑟

. 𝑆𝐹 

Where:     

OD – pipe outer diameter 

t2 – backing steel wall thickness 

tliner – liner thickness 

SF – Safety Factor = 2 

For Fatigue verification, the clad and liner can be considered as contributing for the weight, structural 

stiffness and strength, since the resultant stress on CRA layer do not surpass its SMYS (considering 

de-rating effect) and tests described in item 6.5 from [8] are performed.  

4.4. FLEXIBLE JOINT MODELING 

The FXJ stiffness’s in the flexional directions and in the torsional directions shall be considered 

according to document [19]. A constant stiffness shall be applied for the static analyses. For the dynamic 

analyses, the stiffness shall be increased as a function of the magnitude of the FXJ rotations. The 

stiffening factors shall be obtained based on the supplier stiffness curve and used in a conservative 

way. See Appendix A. 

The temperature and pressure effects on FXJ stiffness for each load category shall also be considered 

when CONTRACTOR is defining stiffness values to be employed in the analyses, as per [19]. 

The FXJ extension shall be modeled, including the representation of the tapered section in the finite 

element model.  

The loading application point is the CoR defined by FXJ supplier design. A reference point “P” for 

interface load limit comparison shall be included at the base of the selected support, as per section 7. 

In the case of HOA FXJ [22], the Hang-off Adaptor shall be modeled as rigid link, connected to the base 

of the selected Support–Tube and to the CoR. The riser shall be connected to the CoR below the rigid 

link/ HOA. 
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4.5. STRESS-JOINT MODELING 

The SJ shall be modeled with tapered and straight sections that should result from sizing performed by 

SJ supplier, using riser top loads. Material properties (mechanical, fatigue curves, de-rating of stresses 

and E-modulus) shall observe the requirements of [20] or [21]. The SCF of geometric transitions (flange 

neck, tapered transitions) shall be calculated by FEM and included within the relevant models. 

The loading application point is the transition between the dynamic and static (restrained) sections, or 

the Top of Taper (ToT) defined by SJ supplier design. A reference point “P”, for interface load limits 

comparison, shall be included at the base of the selected support, as per section 7. 

In the case of HOA TSJ [22], the Hang-off Adaptor shall be modeled as rigid link, connected to the base 

of the selected Support–Tube and to the ToT. The riser shall be connected to the ToT below the rigid 

link/ HOA. 

4.6. TITANIUM PULL IN TUBE MODELING 

The TiPT shall be modeled in all its length, including the Steel Transition Spool, the representation of 

all the compact flanges along TiPT and SCF of the geometric transitions (flange neck, tapered 

transitions and inner diameter transition if required). 

The LTSJ and UTSJ shall be modeled with tapered and straight sections that should result from sizing 

performed by SJ supplier, using riser top loads. Material properties (mechanical, fatigue curves, de-

rating of stresses and E-modulus) shall observe the requirements of [21].  

The hang-off connection at the top of the TiPT shall be represent as a crimp-fitting. The support-tube 

connection shall allow the relative movement of the TiPT through the Trumpet, in axial direction, and 

shall include the gap and the stiffness of the contact region between the UTSJ and the Trumpet. The 

position of the loading application point at the contact region shall be informed. 

4.7. SOIL MODEL 

The riser-soil interaction shall be considered and described in the Design Premise and Methodology to 

be submitted to PETROBRAS for approval. All information regarding the interaction with soil to be 

considered in risers design shall be obtained in accordance with document [15]. 

The seabed slope determined between TDP and TRF points shall be considered for Extreme and 

Fatigue analysis. For VIV analysis, it is possible to use the seabed flat and horizontal, since the most 

critical damage shall be adopted as fixed for all joints from this region, due to doubts on TDP position 

on frequency domain analysis. For Interference analysis, see document [13]. 
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For extreme and fatigue conditions, CONTRACTOR shall determine the soil stiffness and the equivalent 

friction coefficients to be used in the analysis, according to the soil-interaction analysis, for the 

embedment indicated in sections 5 and  respectively, and submit to PETROBRAS approval.  

The best estimate mean value (BE) shall be used as base case and the minimum/ maximum shall be 

used in the sensitivity analyses. The minimum value (LE) represents the lowest nominal value obtained 

from LE, BE and UE soil properties. Similarly, the maximum value (UE) represents the highest nominal 

value obtained from LE, BE and UE soil properties. 

4.8. MORISON COEFFICIENTS 

The normal drag coefficients to be adopted for bare pipe and buoyancy sections shall be 1.2 for extreme 

simulations and 0.7 for fatigue simulations. The inertia coefficient for bare pipe and buoyancy sections 

shall be 2.0 in both simulations. 

In the buoyancy sections, longitudinal drag and inertia coefficients shall be adopted according to 

reference [7].  

Riser lengths with VIV suppressors shall be properly considered and the adopted values for the drag 

and the inertia coefficients shall be justified. 

Different values shall be justified in the Design Premise and Methodology and presented in the 

Design Basis Report. 

4.9. ANALYSIS SOFTWARE 

Only a few commercially available software packages are accepted to be employed for the analyses. 

The adopted software shall consider the LRFD approach of DNV-ST-F201 [3]. 

Table 2 presents the names of the packages and the type of analyses for which they are applicable. In 

case of CONTRACTOR intend to use different softwares from the ones listed in Table 2, the requirement 

shall be submitted to PETROBRAS approval. 
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Table 2 
Analysis Software 

TYPE OF ANALYSIS SOFTWARE (*) 

Fatigue / Extreme / Installation Fatigue/ 

Interference 

FLEXCOM, from Wood Group, 
RIFLEX, from Sintef   
DEEPLINES, from Principia 
ORCAFLEX, from Orcina 

VIV SHEAR7 from MIT  
(Version 4.10 shall not be used) 

Installation  FLEXCOM, from Wood Group, 
RIFLEX, from Sintef   
DEEPLINES, from Principia 
ORCAFLEX, from Orcina 
PIPELAY from Wood Group 

General ABAQUS, ANSYS 

(*) Care shall be taken with variable time steps in time domain dynamic analysis algorithms. 

4.10. GENERAL REQUIREMENTS 

• Care shall be taken with the buoyancy modules distribution along the linepipe since they shall not 

be positioned close to the girth weld and triple point. Buoyance modules should be centered in 

the linepipe. The buoyance clamp shall have a minimum distance of 200mm from triple point or 

100mm from the edge of field joint coating, whichever is greater. If necessary, better S-N fatigue 

curves may be considered for fatigue analysis of parent pipe material if sharp edges and surface 

flaws are improved by grinding. These additional requirements shall be included in the visual 

examination procedure before coating. 

• Choose a specific FPU draft (for example, intermediate) and a mean internal fluid density to define 

the riser top angle and their correspondent riser horizontal projection (top connection to TRF). 

When changes are made on the FPU draft or on the internal fluid density, keep the same riser 

horizontal projection or a fixed TRF position. 

• A minimum length of riser laid on seabed shall be defined for the riser configurations in order to 

guarantee that no lateral and vertical displacement will occur near the TRF position (NMP). Identify 

in drawings the NO MOTION POINT.  

• Proposed riser mean top angle may vary from the support top connection angle, conditioned to 

validation of top connection’s supplier (see references [1], [19], [20] and [21]). 

• The top interface loads shall be within the final FPU load limits (see reference [2]). 

• For TiPT connector type, the top interface loads shall be calculated for lower and upper balcony 

and both compared with final FPU load limits (see reference [2]). 

• The riser section with strake shall not touch the seabed for all internal fluid conditions and FPU 

drafts. 

• The riser integrity shall be assured also during load transfer, pull-in, riser docking and 

abandonment. 
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• The proposed riser configuration (full of water by accidental flooded condition) shall guarantee the 

non-exceedance of FPU cable limit load for pull-in and pull-out operations, according to reference 

[2].   

• If more than one internal diameter or riser configuration for the same riser function is specified in 

the design (for example: PO 8”, PO 6.5” or same riser with different top angle), each one shall be 

treated separately in the selection of the critical riser and sensitivity studies. 

5. EXTREME COMBINED LOAD EFFECT ANALYSIS 

The objectives are: 

• To demonstrate that the riser is designed to resist the potential modes of failure, when submitted to 

operational situations and severe environmental conditions, as defined in the DNV-ST-F201 [3] by 

using the LRFD method; 

• To generate the pairs tension x angular deflections at the riser top (including at least Maximum 

Tension with associate angle and Maximum Angle with associate tension) for the specification of 

the riser top connector, such as flexible-joint or stress-joint. The maximum flexible-joint/ stress-joint 

rotation shall include the vessel compartment flooded condition; 

• To demonstrate that the limits of the compressive axial loads to happen at the riser top are not 

violated, in order to preserve the interface device integrity, according to supplier’s information and 

FPU requirements;  

• To generate maximum riser top loads to be verified with relation to the attendance of load limits 

from riser balcony and supports structures; 

• To verify if the minimum curvature radius along the line for all loading cases is higher than the 

minimum value calculated according to section 4.3, for riser with liner CRA layer to avoid wrinkling; 

• To generate riser footprint that corresponds to the envelope of TDP positions during Design life; 

• To generate loads for the design of the riser anchoring system. 

The general methodology requirements are listed below: 

a) The dynamic analysis shall consider the effects of wave, currents and wind acting on the platform, 

and the effects of currents and waves acting directly along the steel riser; 

b) FPU motions shall be derived from RAO data and second order motions (when applicable), or 

alternatively time traces of the complete motions (first + second order). All these parcels shall be 

considered in the wave screening described in 5.3; 

c) Note that the roll RAO curves can be provided considering different levels of viscous damping for 

Roll DOF, that shall be adopted appropriately for extreme contour waves and for operational fatigue 

waves. Details related to each damping level will be provided accordingly; 
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d) Static FPU offsets, considered in the riser analyses, will correspond to the values provided by 

PETROBRAS, according to item 1.3 of Table 1. The errors shall be added to the specified offset 

always in the most conservative way, according to item 7.1 of Table 1;  

e) The relative phase angle between motions and waves direct action over the riser shall be 

considered in the analyses. It is possible that PETROBRAS decides to provide time traces from a 

coupled model;  

f) All operational drafts shall be considered according to section 1.12 of Table 1; 

g) All internal fluid characteristics provided in section 6.2 of Table 1 shall be considered in the 

analyses. Alternatively, CONTRACTOR can propose a fluid screening to select among some group 

of fluids which ones will provide the most critical results to be considered as a base case, covering 

operational and temporary fluid conditions, and submitted to PETROBRAS for approval. At least 

one representative minimum, medium and maximum fluid densities shall be selected. For risers 

operating with more than one function, the fluid content for each function associated with respective 

operating condition shall be included. All fluids not selected as base case shall be analyzed in 

sensitivity study; 

h) Negative effective tension values (compression) along the riser can be accepted if DNV-ST-F201 

[3] recommendations are accomplished. For this purpose, the FE mesh shall be refined enough to 

demonstrate the convergency of effective tension, bending radius and bending moment;  

i) Negative effective tension values (compression) at the riser top shall be limited to the value 

prescribed by the supplier of the riser top connector and FPU interface requirements (see reference 

[2]); 

j) The maximum top loads shall be lower than the final limits to be informed accordingly by 

PETROBRAS; 

k) For lined and clad pipes verification, CONTRACTOR shall refer to section 4.3;  

l) Yield strength de-rating for backing steel shall be considered according to reference [4]. If the 

strength contribution of CRA is considered in the analysis, tensile properties for CRA layer affected 

by temperature shall be defined according to reference [8]; 

m) The soil stiffness and friction values adopted shall correspond to the medium values associated to 

25% of riser embedment; 

n) For each dynamic loading case simulated, a FXJ alternating angle shall be identified and the 

stiffening factor shall be adopted in the analysis. This factor multiplies the basic reference stiffness 

value adopted in the static analyses, as a function of the FXJ alternating angle. If the resultant 

standard deviation of the alternating angle corresponds to a stiffening factor which is higher than 

the stiffening factor used in the simulation, then the simulation shall be performed again with the 

higher stiffening factor, which will give higher reactive bending moments. See Appendix A. Note that 

for the determination of maximum FXJ rotational angle, the higher FXJ stiffness cannot provide the 

maximum cocking angle. For this reason, CONTRACTOR shall select the appropriate alternating 

angle and stiffness when extreme condition associated to the maximum FXJ rotational angle are 

being calculated. 

o) CONTRACTOR shall adopt for the buoyance modules the EOL condition as a base case, due to 

soak/compressive/creep effects informed by supplier. 
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5.1. LOAD COMBINATIONS FOR ULS AND ALS 

The load combinations to be simulated shall follow DNV-ST-F201 [3]. A minimum set is described in 

Table 3. PETROBRAS will provide corresponding FPU offsets as indicated in section 1.3 of Table 1. 

The complete set of FPU motions corresponding to operational FPU drafts shall be considered in the 

design. In the following sections, there is a description how CONTRACTOR can proceed to combine 

loads in order to take all of them into account, without having to process a very large number of loading 

cases. 

Table 3 
Load Combinations for the Steel Riser Design 

LOAD 

COMBINATION 

MODE OF 

OPERATION 

WIND 

RETURN 

PERIOD 

(YEARS) 

WAVE 

RETURN 

PERIOD 

(YEARS) 

CURRENT 

RETURN 

PERIOD 

(YEARS) 

INTERNAL FLUID 

PROFILES (*1) 
NOTES 

ULS1 TEMPORARY 1 1 1 N/A 

• Hydrotest pressure. Full of water. Test 
water density and temperature as per 
CONTRACTOR PreCom Procedure. 
Actual values shall be recorded, per ref. 
[27]. 

• For top connector design, sea state 
associated with ULS1 may be reduced, 
considering operation metocean 
specification [18], if this is in line with 
CONTRACTOR’s Pre-commissioning 
procedure. The so defined operation 
window limit shall naturally not be 
exceeded during hydrotest. 

ULS2  OPERATING 100 100 10 
DESIGN   

OPERATING 

• Intact hull & mooring                                                                                         

 

ULS3  OPERATING 10 10 100 
DESIGN   

OPERATING 

• Intact hull & mooring                                                                                         

 

ULS4  OPERATING 1 1 1 INCIDENTAL 
• Intact hull & mooring                                                                                         

 

ULS5 OPERATING 1 1 1 DESIGN 
• Intact hull & mooring                                                                                         

• Only to SPM FPU for beam seas 
conditions 

ALS1 ACCIDENTAL 100 100 10 
DESIGN  

OPERATING 
• One mooring line broken 

ALS2  ACCIDENTAL 10 10 100 
DESIGN  

OPERATING 
• One mooring line broken 

ALS3A (-)  
ALS3B (+) 
ALS3C (-) 
ALS3D (+) 

ACCIDENTAL 1 1 1 
DESIGN  

OPERATING 

• Platform with compartment flooded. 
Value and inclination direction given by 
PETROBRAS, according to section 1.7 
in Table 1.  

• Combinations ALS3C and ALS3D are 
without offset. 

ALS4 ACCIDENTAL 100 100 10 
DESIGN  

OPERATING 
• Loss of buoyancy modules (see Table 4) 

ALS5 ACCIDENTAL 10 10 100 
 DESIGN  

OPERATING 
• Loss of buoyancy modules (see Table 4) 

(*1) Internal fluid profile defined as per item 6.2 from Table 1.  
Design conditions shall be simulated considering the design pressure profile, with its associated density, always 
combined with the maximum design temperature along the riser length. 
Operating conditions shall be simulated considering its associated profiles (pressure, temperature and density). 
A scenario that maximizes the external overpressure on TDP shall be simulated, considering minimum pressure 
combined with minimum density and maximum design temperature.  
CONTRACTOR may propose a fluid screening for PETROBRAS approval. See item (h) above. 

Follow Table 4 to consider the quantity of loss buoyancy modules, located at the top of the HOG and at 

the ending of floated segment (from HOG to SAG). CONTRACTOR shall propose a combination of loss 

buoyancy modules for PETROBRAS approval. 
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Table 4 
Number of lost buoyancy modules 

QTY OF BUOYANCY 

MODULES  

QTY OF LOST BUOYANCY 

MODULES 

Less than 15 1 

15 to 39 2 

40 to 60 3 

More than 60 4 or 4%, whichever is higher 

5.2. LOADING CASES 

Wave and current data are given in 22,5° intervals between 0° and 360° [2], giving a total of 16 (sixteen) 

directions. They shall be defined as N, NNE, NE, ENE, E, ESE, SE, SSE, S, SSW, SW, WSW, W, 

WNW, NW and NNW, according to Figure 2. So, for each load combination listed on Table 3, 16 

(sixteen) environmental load directions shall be considered, regardless of the global reference system 

(XG, YG), in order to cover all possible critical situations that can be faced by the riser. Moreover, for 

each environmental load direction, a complete set of pairs Hs x Tp shall be considered, as mentioned 

in section 5.3. 

Figure 2 – Global Environmental Load Directions 

5.2.1.  For SMS FPU 

The analyses shall be performed for both collinear and non collinear approaches, combining waves, 

currents and offsets: 
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For collinear environmental conditions (see Table 6), combine currents (surface and mid-depth) with 

waves. The FPU offsets shall follow the wave directions.  

For non collinear environmental conditions (see Table 6), combine currents (surface and mid-depth) 

with waves 45 deg apart. The FPU offsets shall follow the wave directions. 

• for surface current profiles aligned cases, combine two more current profiles (choose neighbor 

current profiles directions with ±22.5° from original aligned direction). Moreover, combine with 

original static offset and zero offset. 

• for mid-depth current profiles aligned cases, combine mid-depth current profiles in all direction from 

Metocean. Moreover, combine with original static offset and zero offset.  

For waves in scenarios with spread mooring system, CONTRACTOR shall use the extreme single peak 

wave from metocean [16]. 

5.2.2. For SPM FPU 

The analyses shall be performed for three following approaches, combining waves, currents and offsets 

(see Figure 3 and Table 7): 

a) Head seas conditions shall be considered with collinear wave and current. The FPU offset and 

heading shall be considered aligned with wave comes from bow to stern. In total, 16 FPU heading 

directions shall be assessed, combined with all load combinations from Table 3, except ULS5. For 

head seas conditions CONTRACTOR shall use the extreme single peak wave from metocean [16]; 

a) Quartering seas conditions shall be considered with waves and currents approaching the FPU ±22.5 

deg from the bow (considering the FPU longitudinal axis), always 45 deg apart from each other (See 

Figure 3). The FPU offset and heading shall be considered in the middle of wave and current. In 

total, 16 FPU heading directions shall be assessed, combined with all load combinations from Table 

3, except ULS5. For quartering seas conditions CONTRACTOR shall use the extreme single peak 

wave from metocean [16];  

b) Beam seas conditions shall be evaluated, in order to represent bimodal wave conditions. The FPU 

heading and offset shall be considered in the same direction of surface current (see Figure 3). In 

total, 7 FPU heading directions (the quantity depending on the Metocean data [16]) shall be 

assessed (according to [16]), combined with load combination ULS5 from Table 3. Just for beam 

seas conditions CONTRACTOR shall use the extreme double peak wave from metocean [16]. In 

this condition, IWP approach (see section 5.4.2) shall be directly adopted for the selected waves in 

wave screening. If PETROBRAS has additional information for specific project, it will be informed 

to CONTRACTOR. 
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Figure 3 – Environmental conditions for SPM FPUs: 

(A) Head seas (b) Quartering seas (c) Beam seas 

5.3. WAVE SCREENING 

In the Metocean, for each recurrence period (1-year, 10-year and 100-year) and direction, there is a set 

of Hs-Tp pairs (contour curves). When selecting waves to perform the dynamic analyses, one option is 

to process the entire number of existent pairs, but this procedure will result in a high number of dynamic 

analyses.  

An alternative approach, considered acceptable by PETROBRAS, is to perform the wave screening with 

the previous calculation of the FPU short-term maximum responses at each riser connection points, 

based on each FPU draft RAOs, with the entire set of pairs Hs x Tp for the 16 directions and for each 

recurrence period (depending on the loading combination from Table 3). For storage units, all provided 

drafts shall be analyzed in this study, and the results for each five parameters described below shall be 

associate with the draft that provides the most critical value.   

If applicable, the second order motions shall be considered in the wave screening (including the vertical 

motion induced by rotational motions), when calculating maximum amplitudes, velocities and 

accelerations. 
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Based on the results of FPU motion responses, CONTRACTOR shall select, for each connection point 

and wave direction, at least five loading cases (waves/drafts) according to the following parameters 

described in Figure 4, which presents a flowchart of the alternative motion analysis procedure as the 

first step to select most critical wave for extreme analysis (see Figure 5 describing the following steps). 

 

Figure 4 – Wave screening 

For the riser analysis, all selected loading cases of all 16 environmental load directions from wave 

screening (with corresponding FPU draft) shall be simulated, for each corresponding load combination 

from Table 3, and for each combination internal fluid density/pressure from reference [2] or fluids 

selected in fluid screening (see item (g) from section 5), with two types of current profiles (surface and 

mid-depth). From Table 3, some load combinations admit a reduced number of loading cases, based 

on the most critical riser response from other load combinations, as described in Table 5.  

Table 5 
Reduced Loading Cases for some Load Combinations 

REDUCED LOADING 

CASES (*1) 

BASED ON CRITICAL 

CASES FROM 
CRITERIA 

ALS1 ULS2 
Highest DNV UF at TDP 
Highest DNV UF at SAG & HOG 
Highest DNV UF at Top 
Maximum and Minimum FX, FY, FZ, MX, MY, MZ at 
the riser top (see Figure 7) 

ALS2 ULS3 

ALS4 ULS2 

Highest DNV UF at TDP 
Highest DNV UF at SAG & HOG 
Highest DNV UF at Top 

  Maximum and Minimum FX, FY, FZ, MX, MY, MZ at 
the riser top (see Figure 7) ALS5 ULS3 

ALS3C ALS3A maximum top riser rotation angle 

ALS3D ALS3B maximum top riser rotation angle 

(*1) The reduced loading cases may be applied just if the offset difference between intact and 
damaged condition is up to 0.5% of SWL. 

Additionally, a non-colinear approach (waves, currents and FPU offsets) shall be verified for SMS FPU, 

for all load combinations from TABLE 3: 

• For the worst DNV UF cases (3 different regions: TDP, SAG&HOG and Top) with surface current 

profiles aligned cases. 
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• For the worst DNV UF cases (3 different regions: TDP, SAG&HOG and Top) with mid-depth current 

profiles from aligned cases.  

The procedure used by CONTRACTOR in the selection of critical waves shall be presented in the 

Design Premise and Methodology and submitted to PETROBRAS for approval. 

Table 6 and Table 7 present an estimative of maximum number of loading cases to be analyzed for 

SMS FPU and SPM FPU respectively, if none of 5 pairs Hs-Tp per draft is repeated, i.e., the number of 

loading cases can be lower, depending on the results of wave screening. 

Table 6 
Number of Loading Cases for SMS FPU simulation per riser position 

 

LOAD COMBINATIONS 
WAVES/ 
DRAFT 

(*1) 

WAVE 
DIRECTIONS 

CURRENT 
PROFILES 

OFFSET 
(*3) 

2ND ORDER 
PHASE 

ADJUSTMENT 
(*2) 

TOTAL 
LOADING 
CASES 

C
o
lin

e
a
r 

C
o
n

d
it
io

n
s
 

ULS1 5 16 2 1 2 320 

ULS2 5 16 2 1 2 320 

ULS3 5 16 2 1 2 320 

ULS4 5 16 2 1 2 320 

ALS1 (*5) 5 16 2 1 2 320 

ALS2 (*5) 5 16 2 1 2 320 

ALS3 A and B (*4) 5 + 5 16 2 1 2 320 + 320 

ALS3 C and D (*4) 1 + 1 1 1 1 1 1 + 1 

ALS4 (*5) 5 16 2 1 2 320 

ALS5 (*5) 5 16 2 1 2 320 

N
o
n
-c

o
lin

e
a

r 
C

o
n
d
it
io

n
s
 

Worst DNV UF at TDP 

(surface currents) 

1 1 2 2 1 4 

Worst DNV UF at 

SAG&HOG (surface 

currents) 

1 1 2 2 1 4 

Worst DNV UF at TOP 

(surface currents) 

1 1 2 2 1 4 

Worst DNV UF at TDP          

(mid-depth currents) 

1 1 8 2 1 16 

Worst DNV UF at 

SAG&HOG (mid-depth 

currents) 

1 1 8 2 1 16 

Worst DNV UF at TOP      

(mid-depth currents) 

1 1 8 2 1 16 

Maximum total number of loading cases per fluid/pressure and per connection point 3262 

(*1) Waves means 5 pairs Hs-Tp selected by criteria presented in Figure 4. The most critical draft for each 5 pairs Hs-Tp 
of wave screening may be adopted. Each 5 pairs Hs-Tp shall be selected for each 16 wave directions, combined with 2 
types of current profiles and with 2 types of phase adjustment (described below) and finally performed for each load 
combination described in Table 3.  
(*2) For example: when 2nd order roll motion is applicable, the phase adjustment will be applied for the vertical motion 
and roll motion. 
(*3) For colinear conditions, when using mid-depth current profiles, align the offsets with the wave direction when the 
vessel is an FPSO.  
(*4) For load combinations ALS3A and ALS3B, the loading case that present the maximum top riser rotation angle shall 
be reassessed considering zero offset (ALS3C and ALS3D), only to verify if this new condition can bring higher top riser 
rotation angle. If the higher angle is confirmed to occur in this condition, it shall be additionally included in the top connector 
loading case matrix with its respective effective tension. 
(*5) May have a reduced quantity of loading cases based on Table 5. 

 



 

 

TECHNICAL SPECIFICATION 
Nº: 

I-ET-0000.00-0000-274-P9U-001 
REV. 

E 

 GENERAL SHEET: 28 de 65 
TITLE: 

SLWR DETAILED STRUCTURAL DESIGN 
REQUIREMENTS 

EDD/EDR 

- 
 

 
INTERNA \ QUALQUER USUÁRIO 

Table 7 
Number of Loading Cases for SPM FPU simulation per riser position 

 

LOAD 
COMBINATIONS 

WAVES/ 
DRAFT 

(*1) 

WAVE DIRECTIONS 

CURRENT 
PROFILES 

OFFSET 
2ND ORDER 

PHASE 
ADJUSTMENT (*2)  

TOTAL 
LOADING 
CASES 

HEAD 

SEAS 

QUARTERING 

SEAS 

BEAM 

SEAS 

C
o
lin

e
a
r/

 N
o

n
-c

o
lin

e
a
r 

C
o

n
d
it
io

n
s
 

ULS1 5 16  16*2 - 2 1 2 960 

ULS2 5 16 16*2 - 2 1 2 960 

ULS3 5 16 16*2 - 2 1 2 960 

ULS4 5 16 16*2 - 2 1 2 960 

ULS5 (*4) 5 - - 7*2 1 1 2 140 

ALS1 5 16 16*2 - 2 1 2 960 

ALS2 5 16 16*2 - 2 1 2 960 

ALS3 A and B 

(*3) 

5 + 5 16 16*2 - 2 1 2 960 + 960 

ALS3 C and D 

(*3) 

1 + 1 1 1 1 1 1 1 + 1 1 + 1 

ALS4 5 16 16*2 - 2 1 2 960 

ALS5 5 16 16*2 - 2 1 2 960 

Maximum total number of loading cases per fluid/pressure and per connection point 9742 

(*1) Waves means 5 pairs Hs-Tp selected by criteria presented in Figure 4. The most critical draft for each 5 pairs Hs-Tp 
of wave screening may be adopted. Each 5 pairs Hs-Tp shall be selected for each 16 wave directions, combined with 2 
types of current profiles and with 2 types of phase adjustment (described below) and finally performed for each load 
combination described in Table 3.  
(*2) For example: when 2nd order roll motion is applicable, the phase adjustment will be applied for the vertical motion 
and roll motion. 
(*3) For load combinations ALS3A and ALS3B, the loading case that present the maximum top riser rotation angle shall 
be reassessed considering zero offset (ALS3C and ALS3D), only to verify if this new condition can bring higher top riser 
rotation angle. If the higher angle is confirmed to occur in this condition, it shall be additionally included in the top connector 
loading case matrix with its respective effective tension. 
(*4) For ULS5, just surface current referenced profiles will be analyzed. Two combinations of wave peak 1 and wave peak 
2 from extreme double peak waves will be applied for head and beam directions. 

5.4. SIMULATION OF IMPOSED MOTIONS AND WAVES 

The motion and wave modeling procedures shall encompass hybrid approach represented by 

equivalent harmonic excitation and complemented by random approach, both in time domain based on 

spectral wave description, in order to capture the nonlinearities that are present in the riser dynamic 

response under extreme loads. 

For the hybrid approach is defined the Equivalent Harmonic Motion Procedure (EHMP) for the first order 

FPU motions, described in the section 5.4.1. In loading cases with second order motions for DOF out 

of horizonal plane (Heave, Roll and Pitch DOF’s), PETROBRAS will provide harmonic signals for each 

DOF, in terms of amplitude and period, to be composed with the first order motions. CONTRACTOR 

shall adjust the phases between first and second order motions, both for Vertical Motion and Rotational 

Motions involved. Critical loading cases identified with this hybrid approach analyses shall be checked 

using a random approach. 

For the random approach is defined the Irregular Wave Procedure (IWP) analysis for the first and 

second order FPU motions, in order to verify if it is possible to capture a more restrictive situation than 

the one identified by using the hybrid methodology. In loading cases with second order motions for DOF 

out of horizonal plane, CONTRACTOR shall consider this load parcel using harmonic signals or original 

random signals and compose them with the first order random parcel, without necessity to phase 
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alignment since a long total time simulation is adopted. Alternatively, it is possible that PETROBRAS 

decides to provide complete time traces with first and second order parcels from coupled model time 

domain simulations. 

As critical loading cases, CONTRACTOR shall select from Table 6 or Table 7 the ones that give: 

• The highest value of DNV UF at TDZ;  

• The highest value of DNV UF at buoyancy modules region (HOG & SAG regions); 

• The highest value of DNV UF in the top region; 

• Maximum and Minimum FX, FY, FZ, MX, MY, MZ (see reference system described in section 7.1, 

Figure 7) at the riser top; 

• The highest value of compression along the line, if applicable; 

• The highest FXJ/ SJ cocking angle. 

The EHMP methodology requires the definition of a single reference DOF for each analysis. For this 

procedure, vertical imposed motion, movZ, shall be always the reference DOF, which affects severely 

the SAG, HOG and touch down area. For the riser top region design, other degrees of freedom may be 

critical, so they may be adopted also as reference DOF, between movX and movY, and between movRX 

and movRY, depending on analyst judgment if additional loading cases should be performed in order to 

obtain the most conservative results for the riser. 

5.4.1. Equivalent Harmonic Motion Procedure (EHMP) 

The following steps shall be followed: 

a) Transfer the RAO from the FPU center of motion to each riser top connection point; 

b) Obtain the response spectrum for the motions at each riser top connection point, by crossing the 

wave spectrum with the RAO transferred to these connections; 

c) Determine, considering the Rayleigh statistical distribution, the most probable maximum value of 

displacement (dmax) and acceleration (amax) for each riser top connection point; 

d) Determine, for each DOF, the dynamic motion period (T) at each riser top connection point, using 

the most probable maximum value of displacement (dmax) and acceleration (amax), as determined 

in item (c) above, considering the following formula: 

MAX

MAX

a

d
T 2=  

e) Assume harmonic motions for each riser top connection point, corresponding to the maximum 

amplitude values calculated for each DOF, as per item (c) above (dmax) and a single period 

evaluated for the reference DOF, according to paragraph (d) above (T ); 

f) Assume, for the regular motions at each top riser connection point, the same phase values of the 

transferred RAO in paragraph (a), taken for the corresponding period of paragraph (d). 

Note: The above approach does not consider the direct wave action on the riser. 
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5.4.2. Irregular Wave Procedure (IWP) 

This procedure shall be considered as a validation check of the results from the above-mentioned EHMP 

procedure. Therefore, only the critical loading cases, selected according to section 5.4, shall be 

analyzed according to this method. Alternative approaches may be proposed for Petrobras approval.  

a) The minimum simulation time shall be 10800s; 

b) The minimum number of harmonic components to describe wave spectra shall be 300;  

c) When 2nd order motion time-series are provided by PETROBRAS, they are preferable when 

compared with harmonic signals;  

d) The peak values obtained from riser analysis in time domain shall be based on an extreme 

distribution fitting (Gumbel) to determine the maximum DNV-UF and von Mises at 3 critical regions 

(Top, SAG-HOG and TDZ), maximum/minimum values for the top interface loads and maximum 

cocking angle, assuming the most probable value; 

e) The number of realizations (i.e. seed number variation) shall be studied to determine the statistical 

extreme values. Three procedures can be accepted:  

i. Instead of most probable value, if all parameters described in (d) above meet the criterion for 

the 3-h extreme value distribution with 90% of non-exceedance, just 1 seed can be performed. 

Note that 3-h extreme value distribution shall be obtained by firstly fitting a Weibull distribution 

to the time series peaks sample and then using Order Statistics; 

ii. If parameters described in (d) do not meet the design criteria described in (i) above, 3-h long 

simulations for at least 20 seed numbers shall be performed. A Gumbel distribution shall be 

fitted to the sample containing the maximum/ minimum historical from each realization; 

iii. Alternatively to (ii), just one realization (1 seed number) with a time duration much longer than 

3-h can be performed, but the time duration needs to be long enough to guarantee the 

statistical stability of mean, standard deviation, skewness and kurtosis of the signal. Based on 

a stable signal, the peak values would be adjusted as described above in (d) [23].  

f) The complete methodology to be adopted, including number of realizations, time duration of each 

simulation and determination of extreme values, shall be described at the Design Premise and 

Methodology, and submitted to PETROBRAS for approval. 
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In summary, 3 levels of loading cases (LC) selection are performed during the riser design under 

extreme loads, reducing progressively their quantity: 

 

Figure 5 – Levels of loading cases selection per analysis steps 

5.5. SENSITIVITY ANALYSES 

Sensitivity analyses are intended to provide information about the changes in the riser behavior, 

corresponding to the variation in the input parameters used in the analyses performed. The riser model 

used in the analyses shall be based on the nominal characteristics, but the effect of variations needs to 

be investigated individually. The loading cases used in the study shall be the same most critical ones 

selected for IWP approach. The sensitivity shall be analyzed at least for the most critical risers per 

critical regions (Top, SAG&HOG and TDZ), i.e. each critical region can come from different riser, for 

each riser function, selected according to each parameter defined in section 5.4. In a case the design 

have more than one internal diameter for the same riser function, each one shall be treated separately, 

as a new riser function. 

As a result from the sensitivity analyses, CONTRACTOR can suggest further investigation or limitations 

to the riser construction in order to mitigate undesirable effects. 

The minimum set of parameters that needs to be investigated shall include: 

• Riser installation top angle (see reference [1]);  

• Riser installation azimuth and/or riser support construction errors (see reference [1]); 

• Riser internal fluid density variations for operational and temporary situations (all cases not included 

as a base case); 

• Upper bound hydrodynamic parameter, including the influence of Marine Growth on the top region 

(even with the anti-fouling coverage) and DAF along the riser length;  
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• Pipe weight fabrication tolerances (see reference [24]); 

• FXJ parameters; 

• Error in the buoyancy modules positioning along the riser; 

• Variations in the efficiency of the buoyancy modules according to fabrication tolerances per module 

informed by supplier;  

• Accidental loss of strakes; 

• Soil parameters (upper bound and lower bound parameters). 

6. FATIGUE ANALYSIS 

The objectives are: 

• To demonstrate that the riser is designed according to the DNV-RP-C203 [5]; 

• To evaluate the fatigue damage along the riser, and especially in the critical riser sections, coming 

from: 

➢ FPU motion and direct wave action on the riser;  

➢ Current VIV; 

➢ Heave-induced VIV motion; 

➢ Slugging (if applicable).  

• To calculate the damages along the riser length for each parcel above and the totalized them, joint 

by joint (in each correspondent arclength), detailing at least top, buoyancy modules (HOG and SAG 

regions) and TDZ regions; 

• To define the length and location of critical riser sections, identifying fatigue sensitive and non-

fatigue sensitive sections, as mentioned in Table 1 (item 5.19); 

• To generate top loads and angular deflections to be used for the specification of the riser top 

connector;  

• To generate top loads to be used in the design of the FPU receptacle and support structure; 

• To generate stress histograms to be used in the ECA study of critical riser sections and other joints 

along the riser. Thus, it is necessary to inform histograms of totalized damage from all fatigue 

parcels together and also to inform histograms of each source of fatigue damage separately, 

choosing the critical joints identified in the totalized damage. The bin size of stress variation in 

histograms shall be the same for all fatigue parcels. Thus, find an adequate bin size to be employed 

for all histograms. 

The general methodology requirements are listed below: 
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a) Fatigue assessment shall be evaluated in sixteen (16) points around the girth weld and parent 

material along the riser, considering eight (8) points around the riser circumference on the internal 

wall and eight points around the external wall (see Figure 6); 

Figure 6 – Points around riser section for fatigue evaluation  

(3-7 riser plane and 1-5 out-of riser plane) 

b) Convenient SCF shall be considered and evaluated for fatigue damage calculation of steel riser 

critical regions such as the riser girth welds, J-Lay collar, upset-end pipe, etc. The SCF shall be 

calculated according to the methodology described in reference [5]. The hi-lo shall be assumed as 

described in Table 1, item 5.12; 

c) For pipes with thickness greater than 25mm, perform a correction in the calculated SCF according 

to reference [6]. 

d) The pipe parent material shall be verified. Depending on the geometrical profile obtained after pipe 

ends machining (if applicable), a stress concentration may result and shall be considered;  

e) In case of use the upset-end pipe in critical riser regions, CONTRACTOR shall consider an 

appropriate model to well represent the stresses in these positions. Two approaches may be 

accepted by PETROBRAS: a detailed representation of the pipe thickness at the upset, including 

the transition to pipe body or the simplified methodology indicated in Appendix C; 

f) The S-N curves to be adopted will be defined as mentioned in item 5.10 of Table 1;  

g) For aggressive corrosion service, the penalty factors to be applied to S-N curves in C-Mn sections 

shall be considered, according to the data defined in Table 1, item 5.11; 

h) For in-line forged components, specific SCF and S-N curve shall be used in the fatigue verification 

as for the welds and parent material; 

i) All internal fluid characteristics provided in section 6.2 of Table 1 shall be considered in the 

analyses. Alternatively, CONTRACTOR can propose a fluid density screening to select among 

some group of fluids which ones will provide worst damage conditions to be considered as a base 

case, covering operational and temporary fluid conditions, and submitted to PETROBRAS for 

approval. At least one representative minimum, medium and maximum fluid densities shall be 

selected. For risers operating with more than one function, the fluid content for each function 

associated with respective operating condition shall be included. All fluids not selected as a base 

case shall be analyzed in sensitivity study. In a lack of information about time duration of each 

internal fluid [2], a 100% time duration shall be considered for each one. 
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j) CONTRACTOR shall adopt for the buoyance modules the EOL condition as a base case, due to 

soak/compressive/creep effects informed by supplier. 

k) Stress histograms shall be generated for sections that present the minimum fatigue lives at the riser 

top region, at buoyancy modules region (HOG and SAG regions), at the TDZ, at the TRF or Inline 

Anchor Forging, at all the transition points between clad and lined pipe segments (if applicable) and 

at all the transition points between fatigue sensitive and non fatigue sensitive segments (if 

applicable). 

l) Two approaches are permitted by Petrobras to be applied on the damage summation of all parcels: 

▪ Direct linear summation if the VIV damage is at least ten times smaller than wave and motion 

fatigue damage (or vice-versa) at hot spot regions. Each damage shall be factored by its respective 

DFF determined in items 5.17 and 5.18 from Table 1.  

𝐷𝑡𝑜𝑡𝑎𝑙 = (𝐷𝐹𝐹1 × (𝐷𝑤𝑎𝑣𝑒 + 𝐷𝑆𝑙𝑢𝑔) + 𝐷𝐹𝐹2 × (𝐷𝑉𝐼𝑉 + 𝐷𝐻𝑉𝐼𝑉)) 

Where: 

DFF1 and DFF2 are according to items 5.17 and 5.18 from Table 1 

Dwave – damage due to wave and motion 

Dslug – damage due to slug flow 

DVIV – damage due to VIV current profiles 

DHVIV – damage due to Heave induced VIV by waves 

▪ Direct linear summation (same equation above with respective DFF determined in items 5.17 and 

5.18 from Table 1) and Quadratic summation (according to expression below with DFF of item 5.17  

from Table 1), by reference [25]. In this second approach, CONTRACTOR shall meet the fatigue 

life for both. 

𝐷𝑡𝑜𝑡𝑎𝑙 = (𝐷𝐹𝐹1 × (𝐷𝑤𝑎𝑣𝑒

2
𝑚 + 𝐷𝑉𝐼𝑉

2
𝑚 + 𝐷𝐻𝑉𝐼𝑉

2
𝑚 + 𝐷𝑆𝑙𝑢𝑔

2
𝑚 )

𝑚
2

) 

Where: 

DFF1 is according to item 5.17 from Table 1 

Dwave – damage due to wave and motion 

Dslug – damage due to slug flow 

DVIV – damage due to VIV current profiles 

DHVIV – damage due to Heave induced VIV by waves 

m – S-N curve slope. If bilinear curve, adopt the most critical m value. 
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6.1. WAVE AND MOTION FATIGUE ANALYSIS 

6.1.1. Methodology Requirements 

a) The following effects shall be considered in the analysis: the functional loads, the static offset, the 

wave first and second order FPU motions; and the effect of waves and currents acting directly on 

the riser. First order motions shall be considered at six DOF’s; second order motions shall be 

considered acting simultaneously with the first order motions in surge and sway DOF’s. If 

applicable, still consider second order motions in DOF’s out of horizontal plane (heave, roll and 

pitch); 

b) The relative phase angle between motions and waves direct action over the riser shall be 

considered in the analyses; 

c) The base case shall consider two most frequent FPU drafts, totalizing for both 100% of time 

duration.  

d) The time domain random fatigue analysis approach shall be used; 

e) A realistic frequency range shall be considered, containing at least 300 frequency intervals for the 

wave spectrum discretization;  

f) In order to identify the stress ranges and corresponding number of cycles contained in the 

predicted stresses time series, the Rainflow method shall be employed; 

g) For the FXJ modeling, PETROBRAS admits two stages for FXJ stiffness consideration: one with 

a conservative approach assuming a fixed 0.01 deg alternating angle for all loading cases; other 

with a less conservative and more realistic approach updating the FXJ stiffness as a function of 

the alternating angle obtained at the first stage, for the most critical loading cases (at least the 

ones that totalize 99% of damage in all critical sections along the riser). The determination of the 

alternating angle shall be carefully obtained according to the procedure described in the Appendix 

A; 

h) The fatigue performance for the risers must satisfy the design life through the totalized damage 

and incorporate the safety factors mentioned in section 6, item l). If CONTRACTOR intends to 

reduce the safety factor (based on item “Enhanced risk based safety factors – steel risers” from 

DNV-RP-F204 [6]), the validation study shall be presented to PETROBRAS approval; 

i) The soil stiffness and friction values adopted shall correspond to the medium values associated 

to an appropriate riser embedment: 25% for extreme loads (as mentioned in section 5, item m)) 

and 100% for operational loads; 

j) For lined and clad pipes verification, CONTRACTOR shall refer to section 4.3; 

k) The total integration time for each analysis shall be 3-hours, but CONTRACTOR may propose a 

shorter simulation (not less than 1-h), based on a previous study to be submitted for PETROBRAS 

approval, with: 

a. Comparison of 3-hours and 1-hour as (1h - 3h)÷3h, per loading case, in terms of individual 
damage and ZZ-stress (mean and standard deviation). 3h is the reference for comparison; 

b. Considering at least the loading cases that totalize 90% of damage in each critical 
sections along the riser; 
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c. For the hot-spots from TOP, SAG&HOG and TDZ (even coming from different risers); 

d. For at least one riser per function. 

l) The base case shall adopt different seed numbers for each loading case [26];  

m) Just for risers with a small fatigue budget (less than 20%), i.e. for the difference between Design 

life and total combined factored fatigue life, in any hot-spots, additional investigations shall be 

performed in terms of seed number (minimum of 20 seeds) and 3-hours time duration. 

6.1.2. Loading Cases 

PETROBRAS will provide the complete set of correlated wave, wind and current representing a typical 

operational year and CONTRACTOR shall analyze all set of data from item 2.1 of Table 1. For fatigue 

current profiles, associate the correspondent ones from surface level, considering velocity and direction 

from each cluster. 

For Fatigue analysis, bi-modal waves shall be employed, according to reference [17]. 

PETROBRAS will provide the mean offsets, first and second order motions separately or the full motion 

time traces, according to PETROBRAS choice for the specific design.  

Some storm conditions shall also be added to the operational conditions as explained below. The most 

critical extreme waves in terms of fatigue damage, for each load category shall be used:  

• The most damaging loading case for 1-year return seastate with a percentage of occurrence 

that corresponds to one occurrence of this storm condition for each one year of Design life 

(each occurrence with 3-hours duration);  

• The most damaging loading case for 10-years return seastate with a percentage of occurrence 

that corresponds to one occurrence of this storm condition for each ten years of Design life 

(each occurrence with 3-hours duration);  

• The most damaging loading case for 100-years return seastate with a percentage of occurrence 

that corresponds to one occurrence of this storm condition for the Design life, (each occurrence 

with 3-hours duration).  

Two possibilities are accepted for the selection of most damaging loading case, one loading case per 

each return period described above (1-year, 10-years and 100-years): 

• Perform random analyses with IWP approach for all seastates analyzed in section 5.3 (selected 

by wave screening), for load combinations described in Table 8;  

• Identify firstly the most critical direction through the EHMP approach, following Table 8, and 

perform random analyses with IWP approach for all extreme seastates of the most critical 

direction, and then select the wave that provides the most damage on riser. 
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Table 8 
Wave Fatigue Seastates for Storm Conditions 

Fatigue 

Bins 

Environment Extreme Load 

Combination 

Occurrence 

Bin 1 1-year seastate ULS1 1 event for each 1-year duration 

Bin 2 10-year seastate ULS3 1 event for each 10-year duration (*) 

Bin 3 100-year seastate ULS2 1 event for Design life 

(*) To calculate the percentage of occurrence for decenary condition, CONTRACTOR shall always 
consider entire events, i.e., 10yr, 20yr, 30yr, …, even without a not complete decade as design life (for 
example: Required Design life = 23 years shall consider 3 storm events for Bin 2) 

6.1.3. Sensitivity Analysis 

Sensitivity analyses are intended to provide information about the changes in the riser behavior, 

corresponding to the variation in the input parameters used within the analyses performed. The riser 

model used in the analyses shall be based on the nominal characteristics, but the effect of variations 

needs to be investigated individually.  

The sensitivity shall be analyzed at least for the most critical risers per critical regions (Top, SAG&HOG 

and TDZ), i.e. each critical region can come from different riser, for each riser function, in terms of 

fatigue life. In a case to have in the design more than one internal diameter for the same riser function, 

each one shall be treated separately, as a new riser function. 

Two steps may be applied to select a reduced number of simultaneous metocean conditions in the 

sensitivity study: 

1. Perform the minimum set of parameters described below, initially with the loading cases that totalize 

50% of damage, in all critical sections along the riser. In case of the new results surpass in 5%  and  

60% the fatigue life of the base case (with the same set of loading cases) for fatigue sensitive and 

for non fatigue sensitive riser regions respectively (see item 5.19 from Table 1), additional 

verifications shall be performed according to item (2) below. 

2. For the parameters that exceed the fatigue life limits specified in item (1) above, a more detailed 

analyses shall be performed, at least with the loading cases that totalize 90% of damage in all critical 

sections along the riser.  

One exception for the above criteria is for internal fluid density variations, where at least the loading 

cases that totalize 99% of damage shall be analyzed for the most critical risers per function and per 

critical regions. 

As a result from the sensitivity analyses, CONTRACTOR can suggest further investigation or limitations 

to the riser construction in order to mitigate undesirable effects. 

The minimum set of parameters that needs to be investigated shall include: 

• Riser installation top angle (see reference [1]); 
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• Riser installation azimuth and/or riser support construction errors (see reference [1]); 

• Riser internal fluid density variations for operational and temporary situations (all cases not included 

as a base case);  

• Analyses without application of current profiles; 

• Variations on hydrodynamic coefficients, including lower and upper bound values; 

• Pipe fabrication tolerances (see reference [24]);  

• FXJ parameters;  

• Accidental loss of buoyancy modules (see Table 4);  

• Error in the buoyancy modules positioning along the riser;  

• Variations in the efficiency of the buoyancy modules according to fabrication tolerances per module 

informed by supplier; 

• Soil parameters (upper bound and lower bound parameters). 

6.2. VIV FATIGUE ANALYSIS 

The objectives are:  

• To define the VIV suppressor type, length and positioning along the riser; 

• To guarantee the adequate level of safety, based on the characteristics of the products being 

purchased and qualified for the installation; 

• To evaluate the fatigue damage along the riser, mainly in the buoyancy region (SAG and HOG 

regions) and TDZ, coming from the action of currents that causes vortex induced vibration; 

• To evaluate the fatigue damage along the riser, mainly in the top region, buoyancy region (SAG and 

HOG regions) and TDZ, coming from the action of FPU motion that causes vortex induced vibration 

(heave induced fatigue); 

• To generate the stress histograms to be used in the calculation of total damage with the addition of 

all effects that causes fatigue; 

• The fatigue performance for the risers must satisfy the design life through the totalized damage, 

incorporating the safety factors, mentioned in section 6, item l).  

6.2.1. Current VIV Fatigue Analysis 

a) Sheared-flow effects shall be considered; 

b) The program SHEAR7 from MIT (Massachusetts Institute of Technology) shall be used (see 

section 4.9). If considered by CONTRACTOR the use of other computer codes, it shall be 

submitted to PETROBRAS for approval;  
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c) The SHEAR7 steering parameters such as Strouhal number, CL tables, cut-off, reduced velocity 

bandwidth, structural damping and others, shall be listed in the Design Basis Report and submitted 

to PETROBRAS for approval; 

d) The VIV analyses shall consider the riser mode shapes and curvatures in the riser static neutral 

configuration, including the representation of each buoyancy module individually and the proper 

soil stiffness at the TDZ; 

e) In the analyses, all current profiles (see documents [16] and [17]) shall be considered as aligned 

along the water depth. It means that the individual direction associated to each depth level shall 

not be considered. The current profiles shall be considered as unidirectional for VIV analysis 

purpose. All single current profile shall be considered as acting in two different directions: in-plane 

and out-of-plane (without performing any velocity projection). This means that each current profile 

shall be aligned with the riser plane and also perpendicular to the riser plane;  

f) The VIV analysis of the riser shall be performed for two types of loads, namely: short-term VIV 

analysis (extreme) and long-term VIV analysis (common operation). The short-term events fatigue 

damage shall be added to the long-term event fatigue damage; 

g) The short-term VIV analysis will determine the damage induced by the extreme currents of all 

directions and reference level of document [17]. CONTRACTOR shall perform these analyses 

considering two types of events: 10-years return period events and 100-years return period 

events. These events are composed by an evolution of current profiles in each direction: “1-year 

to 100-years to 1-year” and “1-year to 10-years to 1-year”. The duration of each current profile in 

all directions is 6 hours. It shall be assumed that during the Design life the riser will see one 100-

years event and n-times 10-years event (follow the same approach described in Table 8 for the 

quantity of decenary events).  

h) To combine 100-years and 10-years events for fatigue damage, CONTRACTOR shall identify: the 

most damaged 100-year direction to compose one event of 100-years duration (with all profiles 

from that direction); the most damaged 10-year direction to compose one event of 10-years 

duration (with all profiles from that direction, considered n-times during the Design life, as 

described above). The damage, for the most critical direction, for each type of event, will be added 

to the long-term fatigue damage, assuming the duration described in the following documents: 

[16] for long-term current profiles and [17] for short-term current profiles; 

i) The long-term events correspond to the whole set of currents with return period of less than 1-

year. CONTRACTOR shall use in the analyses all this set of current, including all Reference Level 

Profiles and directions, as per [16];  

j) Each long-term current profile has a number of occurrence, and their percentage of occurrence is 

determined dividing this number of occurrence by the total quantity of occurrence from all current 

profiles for all reference levels and directions; 

k) Fatigue damage values coming from the complete set of current profiles are usually added 

considering the TDP on the same position due to the frequency domain analysis. In this context, 

the most critical damage from TDP shall be considered as acting in the entire TDZ region. If this 

approach become very conservative for TDZ, CONTRACTOR can assume a TDP damage 

spreading based on the TDP positions from Wave and Motion fatigue analysis, as presented in 

Appendix D. If CONTRACTOR intends to present a different proposal for TDP damage spreading, 

it shall be submitted to PETROBRAS for approval; 
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l) CONTRACTOR shall calculate VIV damage at external and internal fibers of the riser sections; 

The soil stiffness and friction values adopted shall correspond to the medium values associated 

to an appropriate riser embedment: 25% for short-term (extreme loads) and 100% for long-term 

(operational loads). 

6.2.2. Heave Induced VIV Fatigue Analysis 

a) The effect of heave induced VIV shall be investigated, with respect to the damage in the critical 

regions along the riser: Top, SAG&HOG and TDZ; 

b) All loading cases selected for Wave and Motion fatigue analysis, including the extreme waves 

(defined in section 6.1.2) shall be analyzed to the heave induced VIV; 

c) In principle, all Wave fatigue loading cases shall generate normal velocity significant value 

(2*RMS), that will be used to compose a current profile to be applied in the SHEAR7 analyses; 

d) Time domain analysis shall be used for the evaluation of the equivalent current profiles;  

e) The duration of the extreme events shall be the same assumed for the Wave fatigue calculations 

as mentioned in section 6.1.2; 

f) CONTRACTOR may propose alternative approaches or changes in the herein stated 

methodology in order to evaluate the damage contribution from the Heave Induced VIV that shall 

be submitted to PETROBRAS for approval;  

g) The soil stiffness and friction values adopted shall correspond to the medium values associated 

to an appropriate riser embedment: 25% for short-term (extreme loads) and 100% for long-term 

(operational loads). 

6.2.3. Sensitivity Analysis 

Sensitivity analyses are intended to provide information about the changes in the riser behavior, 

corresponding to the variation in the input parameters used within the analyses performed, for long and 

short terms. The riser model used in the analyses shall be based on the nominal characteristics, but the 

effect of variations needs to be investigated individually.  

The sensitivity shall be analyzed at least for the most critical risers per critical regions (SAG&HOG and 

TDZ), i.e. each critical region can come from different riser, for each riser function, in terms of fatigue 

life. In a case to have in the design more than one internal diameter for the same riser function, each 

one shall be treated separately, as a new riser function. 

➢ For VIV, the most critical loading cases shall be: 

• for long term: the ones that totalize 50% of the damage (with the same set of loading cases), 

the most critical between in-plane or out-of-plane response; 

• for short term: the same critical events already selected for 100-years event and 10-years event. 

➢ For HVIV, its not necessary to perform sensitivity study. 
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As a result from the sensitivity analyses, CONTRACTOR can suggest further investigation or limitations 

to the riser construction in order to mitigate undesirable effects. 

The minimum set of parameters that needs to be investigated shall include: 

• Lift and added mass coefficients; 

• Suppressors coverage (length and positions); 

• SHEAR7 steering parameters;  

• Soil parameters (upper bound and lower bound parameters); 

• Accidental loss of buoyancy modules (see Table 4);  

• Accidental loss of strakes on top, near SAG&HOG (if applicable) and between TDP and HOG (if 

applicable), each one in an individual analysis; 

• Error in the buoyancy modules positioning along the riser; 

• Riser internal fluid density variations for operational and temporary situations (all cases not included 

as a base case);  

• Pipe fabrication tolerances (see reference [24]);  

• Mode shapes and curvatures for maximum far and near offsets and the consequences for fatigue 

life. 

6.3. SLUGGING EFFECT ANALYSIS 

A structural evaluation of the effect of slugging (hydrodynamic and/or severe) on the production risers 

for Fatigue Analyses results shall be performed. In the particular case of severe slugging loads with 

long cycle duration, the analyses shall be performed so that at least one cycle is properly characterized 

by the input load. 

Fluid slugging characteristics will be provided by PETROBRAS as described in Table 1, item 6.3. Care 

shall be taken with each riser soil slope and its consistence with the flow assurance generated data. All 

slug loading cases shall be analyzed as base case. 

The Slugging fatigue damage shall be properly added to the other fatigue parcels. The parameters and 

techniques regarding fatigue calculations shall be in accordance with section 6. 

The histograms for ECA regarding slugging effect shall be presented. 
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6.3.1. Sensitivity Analysis 

Sensitivity analyses are intended to provide information about the changes in the riser behavior, 

corresponding to the variation in the input parameters used within the analyses performed. The riser 

model used in the analyses shall be based on the nominal characteristics, but the effect of variations 

needs to be investigated individually.  

The sensitivity shall be analyzed at least for the most critical risers per critical regions (Top, SAG&HOG 

and TDZ), i.e. each critical region can come from different riser, for each riser function, in terms of 

fatigue life. In a case to have in the design more than one internal diameter for the same riser function, 

each one shall be treated separately, as a new riser function. 

The critical loading cases shall be analyzed in the sensitivity study. CONTRACTOR can suggest further 

investigation or limitations to the riser construction in order to mitigate undesirable effects. 

The minimum set of parameters that needs to be investigated shall include: 

• Accidental loss of buoyancy modules (see Table 4);  

• Error in the buoyancy modules positioning along the riser; 

• Pipe fabrication tolerances (see reference [24]).  

7. INTERFACE LOADS 

7.1. TOP INTERFACE LOADS 

The riser top force reactions at the FPU connections for riser balcony and supports structural 

verifications will be provided by CONTRACTOR, based on the final proposed SLWR configurations of 

the project. These forces shall be calculated for all riser slots and compared with the limit requirement 

provided by PETROBRAS for all degrees of freedom, in order to guarantee that the design of the riser 

balcony and supports at the FPU will be in accordance with the risers final design. For the comparison 

of maximum riser loads with final limits defined by FPU, a transfer on the load application point shall be 

performed, according to reference [29] where the application point adopted by FPU is defined. 

The main analyses to be performed are: 

• Extreme Loading Analysis 

• Wave and Motion Fatigue Analysis 

The structural global models shall be the same used in the Extreme Combined Load Effect analysis 

(according to section 5) and Wave and Motion Fatigue Analysis (according to section 6.1). Special 

attention shall be taken with the reference system for riser top support loads calculation. A fixed 

reference system at the support shall be adopted and will be called Support Reference System, 

supposing to follow motions from the platform and is independent from the riser motions.  
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A reference system as indicated in Figure 7 shall be followed to present the results, independent of the 

top connector type, with a fixed axis in the axial direction (e.g. X-axis: Fx, Mx) when the riser is in the 

neutral position, coincident with support inclination in the riser direction (sometimes support inclination 

doesn’t coincide with riser top angle, but support inclination is mandatory for the definition of X-axis). 

The other fixed axes shall coincide respectively with the riser in-plane (e.g. Z-axis: Fz, Mz) and out-of-

plane (e.g. Y-axis: Fy, My) directions. The reference system shall be clearly described in the design 

documents. 

 

Figure 7 – EXAMPLE OF Definition of the Fixed Support Reference System, (a) Top view,       (b) 

Lateral view with conical receptacle and (c) Lateral view with hang-off adaptor 

7.1.1. TOP LOADS BY EXTREME LOADING ANALYSIS 

CONTRACTOR shall present the top loads corresponding to all load combinations from Table 3. For 

each load combination, CONTRACTOR shall present the dynamic maximum absolute load’s resultants 

(effective tension, bending moment and shear force) and maximum and minimum forces and moments 

of each component (Fx, Fy, Fz, Mx, My and Mz) with their simultaneous, all of them with riser empty 

and the heaviest fluid condition, following the reference system described in section 7.1.  

Figure 8 shows a standard model to be followed by CONTRACTOR to present the riser top interface 

loads. Each value on diagonal shall present the maximum or minimum value of each load parameter 

and in the other columns their associated values at the same instant of time. The loading case (LC) of 

each line from table shall be identified. 

Those values shall be identified considering their algebraic values, bringing the signals. Moreover, 

CONTRACTOR shall also present the Functional loads (Loads that occur as a consequence of the 

physical existence of the system) and Static loads (with Functional loads, offsets and current profiles).  
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Figure 8 – Standard model to report riser top interface loads 

For each critical loading case selected by IWP approach (loading cases for maximum and minimum 

forces and moments in 6 dof and maximum cocking angle), according to section 5, CONTRACTOR 

shall generate the pairs Tension x Top Angle for each time step, in order to construct plots that will allow 

the visualization of the most critical Tension x Top Angle pairs. The methodology accepted to generate 

the Tension x Top Angle pairs is Irregular Wave Procedure (IWP) in time domain.  

In case of SJ, the same type of plot shall be generated in terms of Tension x Angle. 

Attention shall be taken with the note (*4) from Table 6 and note (*3) from Table 7. 

Figure 9 shows an example of the plot that needs to be generated. The same scale of axis shall be 

adopted for all plots generated for the loading cases selected. Loading cases selected for maximum 

and minimum of the same degree of freedom can be plotted in the same graph. 
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Figure 9 – Plot example of Tension x Top angle  

7.1.2. TOP LOADS BY WAVE AND MOTION ANALYSIS 

The riser top loads to perform fatigue verification of platform hull, receptacle and support structures are 

calculated based on riser top forces and moments time-series obtained in the wave fatigue analysis, 

according to section 6.1. For each loading case simulated, it is necessary to generate time-series of 

each component (Fx, Fy, Fz, Mx, My and Mz) on each riser top connection point, and present the 

statistical values of each component (mean value, standard deviation, maximum and minimum 

historical, maximum and minimum statistical). The reference system shall be in accordance with the 

description provided in section 7.1, and same adopted for 7.1.1. 

7.2. BOTTOM INTERFACE LOADS 

The riser bottom force reactions for structural ILA and TRF verification will be provided by 

CONTRACTOR, based on the final proposed SLWR configurations of the project. The effective tension 

shall be calculated for all riser azimuths, in order to guarantee that the design of the subsea equipment 

will be in accordance with the final riser design. Note that bending moment and shear force are not 

expected in ILA and TRF positions, as per third requirement from section 4.10, showing this attendance 

through graphs on this region. CONTRACTOR shall also inform the minimum and maximum length of 

riser on seabed.  

The main analysis to be performed is Extreme Combined Load Effect (section 5). The same structural 

global models used for top interface loads shall be adopted for bottom interface loads, but in terms of 

bottom reference system, the riser axial axis shall be adopted to present the results.  

The envelope of maximum and minimum values per load combination shall be presented for EHMP and 

IWP approaches. For IWP, all results generated in 5.4.2, including extreme distribution and number of 

realizations shall be presented for bottom interface loads.  
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8. INTERFERENCE ANALYSIS 

The methodology and requirements to perform Interference Analyses will be described in document 

[13]. 

The drag amplification factor (DAF) for rigid, flexible and umbilicals risers due to VIV effect shall be 

generated as described in reference [13], for check the clashing between risers, as well as between 

risers and mooring lines.  

9. INSTALLATION ANALYSIS 

The methodology and requirements to perform Installation Analyses will be described in document [14]. 

10. DELIVERABLES 

The CONTRACTOR shall issue a number of design reports related with specific events described below, 

following a presentation format and time scheduled in agreement with PETROBRAS representatives, 

before the beginning of the work specified herein. 

These reports shall be presented digitally for PETROBRAS comments. The CONTRACTOR shall use 

the following documentation software: Microsoft®: Word for Windows as word processor; Excel for 

Windows as spreadsheet; and Project for Windows as time schedule software. Drawings shall be 

presented in: MicroStation® for Windows from Bentley Systems native format files (DGN) or Adobe® 

Portable Document Format (PDF). 

Every event will be associated with a report issued by the CONTRACTOR. The main reports are: 

• Riser Design Basis Report 

• Riser Design Premise and Methodology Report 

• Riser Design Summary Report 

• Extreme Combined Load Effect Analysis Report 

• Top and Bottom Interface Loads Report 

• Wave and Motion Fatigue Analysis Report 

• VIV Fatigue Analysis Report 

o Current VIV Fatigue Analysis Report 

o Heave-Induced VIV Fatigue Analysis Report 

• Slugging Effect Analysis Report 

• Fatigue Analysis Summary Report  

• Interference Analysis Report (see reference [13]) 

• Installation Analysis Report (see reference [14]) 
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The reports shall contain at least the information described in following items. 

10.1. GENERAL DELIVERABLES 

The reports considered as general deliverables are: 

• Riser Design Basis Report  

• Riser Design Premise and Methodology Report 

• Riser Design Summary Report 

The final design report shall contain all interim reports and design conclusions issued in their final 

revision. 

10.1.1. Riser Design Basis Report 

This report shall detail and describe all final data involved in riser design such as pipe, buoyance 

modules, strakes etc (directly from the suppliers), the riser system description, the internal fluid density, 

pressure and temperature, the floating unit data, the environmental data and the riser analysis input 

data.  

Appendix D of DNV-ST-F201 may be used as a guide for Design Basis. 

The Riser Design Basis Report shall be agreed with PETROBRAS representatives. 

10.1.2. Riser Design Premises and Methodology Report 

This report shall detail and describe the methodologies, procedures and applied computer programs 

used in steel riser analyses; the acceptance criteria to be used; all applicable loading cases, limit states 

and safety classes for all temporary, operating and accidental design conditions.  

The Riser Design Premise and Methodology shall be agreed with PETROBRAS representatives. 

10.1.3. Riser Design Summary Report 

This report shall contain the full description of the steel riser configuration and the consolidation of all 

results obtained. A summary of each topic and an overall diagnostic of the riser design shall be provided. 

10.2. SPECIFIC TOPIC DELIVERABLES 

The delivered specific topic reports are described in detail in following items. 

10.2.1. Extreme Combined Load Effect Analysis Report 

This report shall include at least the following information described below:  
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a) The complete data used in the analyses containing all the details of the riser model and the load 

data as well, including safety class; 

b) Full traceability of the calculations performed; 

c) Full description of statistical treatment adopted for EHMP and IWP; 

d) The wave spectrum discretization adopted; 

e) The FXJ stiffness used for each simulated loading case;  

f) Tabulated results from functional & static loading cases (with offsets and current static analyses) 

and from dynamic loading cases (for both approaches EHMP and IWP). The results shall be given 

to the riser top region, buoyancy modules region (SAG and HOG) and TDZ region of the riser 

configuration separately, for each riser position, for each fluid density considered as a base case;  

g) The tabulated results shall include at least: the loading case, the riser imposed top motions and 

rotations, envelopes of FXJ rotations, axial forces, effective tensions, hoop, bending moments, DNV 

UF and von Mises stresses along the riser for all critical sections and all riser positions. Static parcel 

of results shall be presented separately from the dynamic parcel; 

h) For the random time domain analysis, all statistical parameters (mean value, standard deviation, 

skewness and kurtosis), extrapolated and historical extreme values, shall be tabulated. The 

complete set of all risers results can be put in the report Appendix section, but the most critical 

results of each riser shall be highlighted in the main text body; 

i) Graphical results shall be presented for the most critical loading cases of each riser as listed below:  

▪ Mean or neutral static configuration; 

▪ Effective tension along the riser in the mean or neutral position; 

▪ Bending moment along the riser for the mean or neutral position; 

▪ Envelopes of maximum and minimum effective tension along the riser; 

▪ Envelopes of maximum and minimum bending moment along the riser; 

▪ Envelopes of maximum von Mises stresses along the riser; 

▪ Envelopes of maximum DNV UF along the riser; 

▪ Time traces for the critical node in the top region, buoyancy modules region (SAG and HOG) 

and TDZ region for: DNV UF, maximum stresses and minimum effective tension; 

▪ Static parcel of results shall be presented in the same graphics of dynamic parcel; 

▪ Time traces with statistical stability of parameters mean value, standard deviation, skewness 

and kurtosis for IWP approach. 

j) Results from sensitivity analyses; 

k) Time traces, statistical parameters and peak values of the imposed motions and riser response 

found in the irregular wave analyses for each riser; 

l) The riser TDP footprint calculated for all riser positions. The results shall be presented graphically 

and also by indicating precisely the distances values; 

m) For some results, a model of graphics presentation shall be followed and will be provided by 

PETROBRAS. 
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10.2.2. Top and Bottom Interface Loads Report 

The results report shall include at least the following information described bellow: 

a) The complete data used in the analyses containing all the details of the riser model and the loading 

data as well; 

b) Filenames shall have the same root names of the loading cases table, in order to facilitate the record 

tracking procedure. 

c) Tabulated interface loads to the top and bottom reactions of the riser configuration shall be 

presented separately for: functional & static loading cases (with offsets and current static analyses) 

and dynamic loading cases (for both approaches EHMP and IWP); all loading combinations 

(identifying the critical loading case); all riser positions; all fluid densities considered as a base case. 

The correspondent riser imposed top motions & rotations shall also be reported together with the 

top reactions;  

d) For random time domain analysis with IWP approach, all statistic parameters (mean value and 

standard deviation) extrapolated and historical extreme maximum and minimum values shall be 

tabulated. Time traces for riser top and bottom reactions shall be provided. The complete set of all 

riser results can be put in the report Appendix section, but the most critical results shall be 

highlighted in the main text body.  

e) The forces and moments at the top shall be provided in a fixed reference system as described in 

section 7.1; 

f) Results from sensitivity analyses; 

g) The tabulated results mentioned in item (c), shall also be provided in Excel spreadsheet file; 

h) Time traces of each component of top forces and moments, statistical parameters and peak values 

due to Wave and Motion Fatigue Analyses under IWP approach, for each riser top connection point 

and each internal fluid density from base case shall be generated. 

10.2.3. Wave and Motion Fatigue Analysis Report 

This report shall encompass at least the information described below, for girth weld, triple point parent 

material and transition points (between clad and liner and/or between fatigue sensitive and non fatigue 

sensitive) along the riser, considering at the cross-section for each of those sixteen (16) points as per 

section 6: 

a) The description of the adopted approach, either random analysis performed through the time-

domain approach (random time-domain dynamic non-linear analysis), and the computer programs 

used; 

b) The set of loading cases used with the discrimination of wave, wind and current characteristics, with 

the corresponding occurrence;  

c) Filenames shall have the same root names of the fatigue loading cases table, in order to facilitate 

the record tracking procedure; 

d) The wave spectrum discretization adopted; 

e) The FXJ stiffness used for each simulated loading case;  

f) The stresses concentration factors (SCFs) and any other factor adopted for girth weld joints and 

their calculation procedure; 
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g) Tabulated results of the worst fatigue life case for each critical region of all risers, coming from the 

combination of all loading cases of long-term, for each internal fluid density considered as a base 

case. The loading case that produces the highest fatigue damage, and the critical point around the 

riser section with this highest damage shall be included in this table; 

h) For each critical region of each riser, the ranking of the loading cases of long-term according to the 

damage contribution regarding the total damage; 

i) Present tabulated fatigue results of short-term parcel for each return period, for each critical riser 

regions, for all risers, identifying the loading cases; 

j) Present a totalized long and short terms fatigue results for each critical riser regions, for all risers, 

tabulated and graphically, comparing results from different S-N curves for OD and ID wall. Graphical 

results of the worst lifetime along the riser length shall be generated, with details for some joints at 

the riser top region, buoyancy modules region (SAG and HOG) and TDZ region; 

k) Comparison of the most critical Von Mises result along the riser length with the yield stress 

considering the de-rating of the CRA layer. Identify for each riser and each internal fluid density the 

arclength of the most critical von Mises;  

l) The sensitivity analysis results. 

For some results, a model of graphics presentation shall be followed and will be provided by 

PETROBRAS. 

10.2.4. VIV Fatigue Analysis Report 

This report shall encompass information’s about Current VIV and Heave Induced VIV as described 

below: 

For Current VIV: 

a) Computer program used and loading cases considered; 

b) Input files for the computer code used, with mode shapes and curvatures and all input data files 

related with the VIV analysis in Appendix; 

c) VIV suppressor characteristics and its description of proposed length and positioning along the 

risers;  

d) Tables and Graphs with all Mode shapes and curvatures that contributes for the riser response, for 

each critical region of the riser, for all risers; 

e) Table with the complete ranking of the current profiles by order of damage for critical sections; 

f) Table with the most critical current profiles from each short and long terms, identifying the activated 

mode shapes and its contribution for the total VIV damage; 

g) Tables and graphs of fatigue life along the riser for the most damage loading case from each short 

term and long term parcels, separately and totalized, detailing SAG&HOG and TDZ regions for all 

risers. All combinations of internal fluid density from base case, pipe wall (ID and OD), riser in-plane 

and out-of-plane vibrations shall be presented. Identify the arclength of the most critical sections for 

fatigue life. Appendix shall present in detail all the results of each current profile of each riser; 

h) Graphs of maximum RMS of A/D x arclength of the riser and maximum RMS of Stresses x arclength 

of the riser, associated to the critical current profiles of each critical region of riser that provides 

higher damages;  
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i) DAFs calculated per current profile for all rigid risers, flexible risers and umbilicals in Appendix. The 

proposed DAF to be adopted in riser interference analysis shall be clearly justified in the document 

Design Premise and Methodology Report; 

j) The sensitivity analysis results and their consequences for the Design life of the riser. 

For Heave Induced VIV: 

a) All data used, procedures and final results;  

b) All equivalent current profiles adopted in analysis shall be provided in Appendix, but the 

identification of the most damaging events shall be reported in the main text body; 

c) Tables and graphs of fatigue life along the riser for the most damage loading cases from each short 

and long term parcels, separately and totalized, detailing SAG&HOG and TDZ regions, for each 

internal fluid density from base case in ID and OD wall. The arclength of the most critical fatigue life 

for each critical region shall be identified in tables for out-of-plane. For all other loading cases, 

present the same results in Appendix; 

For some results, a model of graphics presentation shall be followed and will be provided by 

PETROBRAS. 

10.2.5. Slugging Effect Analysis Report 

This report shall provide: 

a) Computer program used and loading cases considered; 

b) The description of the procedure and the results obtained; 

c) Results from static and dynamic analyses; 

d) Tables with fatigue life results for critical load cases; 

e) The graphical distribution of fatigue life along the risers studied due to slugging; 

f) Maximum stresses caused by slugging; 

g) The sensitivity analysis results and their consequences for the Design life of the riser. 

For some results, a model of graphics presentation shall be followed and will be provided by 

PETROBRAS. 

10.2.6. Fatigue Analysis Summary Report 

This report shall encompass the information described below, considering the contribution of all sources 

of the fatigue damage, including Installation, and also present the damage totalization along the riser 

length (as required in section 6): 

a) General description of riser configuration and the position of buoyance modules and strakes along 

the line. The definition of length and locations of the critical riser sections, considering all sources 

of fatigue damage (Wave and Motion, VIM, current VIV, heave induced VIV, Slugging effect, 

Installation); 

b) Tables and Graphs of factored fatigue life results for each riser, separately from linear and quadratic 

summation; 
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c) Tables with the unfactored fatigue life combination between short-term and long-term shall also be 

presented separately for each fatigue parcel: Wave and Motion, VIM (if applicable), VIV, HVIV and 

Slugging; 

d) The combination of damage shall consider the most critical condition from each parcel (example for 

VIV, the worst between in-plane and out-of-plane), but separately for internal wall and external wall;  

e) The percentual contribution of each parcel of fatigue to the total damage, at least for one critical and 

one non critical riser of each riser function; 

f) Graphs with the ratio between wave and motion fatigue and the other fatigue parcels: VIV&HVIV 

and slugging, at least for one critical and one non critical riser of each riser function, in Appendix; 

g) Stress histograms of all parcels of the fatigue damage: Wave and Motion, VIM (if applicable), VIV, 

HVIV and Slugging (if applicable), separately and totalized, for all risers, in Appendix;  

h) For ECA study, only the most critical riser of each riser function shall present the Stress histograms 

at critical riser joints (top, SAG&HOG, TDZ, all transition points between clad and liner and all 

transition points between fatigue sensitive and non fatigue sensitive), considering the combination 

of all sources of fatigue for totalized damage, in a separate Appendix for ECA; 

i) Graphical results shall be generated at least for one critical and one non critical riser of each riser 

function, for each riser critical region, presenting the comparison between histogram of number of 

stress cycles and histograms of the damage with each S-N curve analyzed; 

j) Stress histograms at TRF or Inline Anchor Forging for all riser in separate Appendix; 

k) Summary of sensitivity analysis results and their consequences for the Design life of the riser. 

For some results, a model of graphics presentation shall be followed and will be provided by 

PETROBRAS. 
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APPENDIX A  

FXJ STIFFNESS AS A FUNCTION OF THE ALTERNATING ANGLE 

The FXJ bending stiffness curve provided by the supplier presents the dynamic bending stiffness as 

a function of the angular variation values, which are highly dependent on the type of the applied loads:  

• Constant bending stiffness is assumed for static rotations; 

• Variable bending stiffness for dynamic loads, depending on the amplitude of the alternating angle.  

When the dynamic stiffness are divided by the static stiffness value, it can be obtained a stiffening 

factor, which is different for each dynamic loading case. This factor can be assumed as constant along 

the dynamic analysis.  

At least two steps shall be adopted to determine a less conservative FXJ angular variation, instead of 

using the value 0.01 deg, constant for all loading cases. Note that assuming the value 0.01 deg constant 

for all loading cases will bring conservative results for most verifications, except for the maximum 

cocking angle. CONTRACTOR shall guarantee an adequate conservatism for each type of analysis. 

Initially is assumed the stiffest value of the supplier curve (in general corresponding to 0.01 deg of 

alternating angle) for all loading cases, in order to obtain the level of the alternating angle for each 

loading case. In a second analysis cycle, new dynamic stiffness is used for each case. 

The angular variation (α) ocurrs around a mean deflection (θm), as presented in Figure 10 

 

Figure 10 – Eccentric angular variation 

The calculation of the curve of total angular variation can be done based on the curves of angular 

variation on X-Y and X-Z planes. The proposed procedure preserves the signal of the relative angle, by 

projecting the riser in each one of the planes as presented in Figure 11. 
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Figure 11 – Angular variation in X-Y plane 

Figure 12 shows an example of angular variation curves on each plane. 

 

Figure 12 – Angular variation curves on X-Y and X-Z planes 

The value employed to determine the FXJ dynamic stiffness is obtained by the variation around the 

mean position, as presented in Figure 13. 
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Figure 13 – Rotation vector path on Y-Z plane. 

Figure 11 present only the variation, removing the mean value. Besides, this variation can be calculated 

in any direction, i.e., any plane that comprises the x-axis of the fixed FXJ support reference system. 

Two different approaches to determine these directions are presented below: 

• Main Direction: linear adjustment for the points that represent the angular variation; 

• Maximum Amplitude Direction: direction that provide the maximum amplitude of angular variation 

 

Figure 14 – Directions for angular variation calculation.  
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The best approach will depend on the aplicability of the analysis. If the most conservative for the analysis 

is to use a low stiffness, it is recommended to use Maximum Amplitude Curve. On the other hand, if the 

most conservative is a high stiffness, it is recommended to use the Main Direction Curve. 

Care shall be taken to determine direction for angular variation when second order roll motions are 

applied together with first order motions, since a lateral deviation can occur and difficult the 

automatization on selection of main angular direction. 

After determining the direction, the angular variation curve is calculated projecting each point in this 

direction. Figure 15 presents, as an example, the curves obtained by the point of Figure 11.  

 

Figure 15 – Angular variation curves 

The standard deviation of the angular variation curve can be considered as a representative FXJ 

angular variation, which will correspond to the appropriate stiffness on the supplier curve, for each 

loading case. 

The angular variation representative value depends on the complete signal of the riser top relative 

rotations. For this reason, to use a FXJ stiffness varying along the dynamic analysis, CONTRACTOR 

shall guarantee that the rotation history is considered up to each time step, using the procedure 

described above.  
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APPENDIX B  

RISER BOTTOM CURRENT PROFILE INTERPOLATION CRITERIA 

In case current profiles (extreme and fatigue) do not concur with the WD from the design, an 

interpolation shall be adopted to adjust the current profiles near bottom, in accordance with the criteria 

in the example presented below. 

• WDref (reference water depth of the design) = 1980 m. 

Considering that this value is located between 1800 m and 2015 m from original Metocean profile. 

Current intensity shall be calculated in two steps: 

From 1800 m to (WDref - 10 m): (1800 to 1970): current velocity shall be interpolated linearly between 

1800 m and 2015 m. 

From (WDref – 10 m) to 0 m: (1970 to 1980): a linear decay on the current velocity shall be considered 

up to zero.  

Current direction shall be adopted as the direction of the WD nearest to the necessary WD. 

For WD higher than WDref, the values will be neglected. 

Example: 
Table 9 

Interpolation example for bottom current profile 

WD (m) Velocity (m/s) Direction 

0 0.60 (*1) NNE (*1) 

50 0.60 NNE 

100 0.60 NNE 

150 0.54 NNE 

200 0.49 NNE 

250 0.43 NNE 

300 0.39 NNE 

350 0.36 NNE 

800 0.22 NNE 

1200 0.20 NNE 

1600 0.18 NE 

1800 0.17 NE 

1970 0.16 NE 

1980 0.00 ENE 

2150 0.15 ENE 

2200 0.09 E 

(*1) For surface (0 m), the values of velocity and direction will be filled in this way: 

▪ For extreme current profiles, when surface (0 m) are not provided by Metocean document, 

repeated from 50 m values; when surface (0 m) are presented by Metocean, use them. 
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▪ For fatigue current profiles, use the values as indicated in document with the clusterization for 

surface (0m), with the associated surface fatigue current profile from Metocean. 

▪ For 98% non exceedance current profile, when surface (0 m) are not provided by Metocean 

document, repeated from 50 m values; when surface (0 m) are presented by Metocean, use 

them. 

Velocity for 1970 m level:  

▪ Velocity  = 0.17 + (0.15-0.17)*(1970-1800)/(2150-1800) = 0.17 - 0.02*(170/350) = 0.16 

▪ Direction for 1970 m level: 2150-1970 = 180 m; 1970-1800 = 170 m; Direction = NE 
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APPENDIX C  

UPSET-END STRESSES 

As an initial hypothesis, a simple way to consider the influence of the upset would be to apply a stress 

reduction factor (𝑆𝑅𝐹), due to the increase in thickness, in the stresses calculated with the pipe without 

thickening. Assuming that the upset-ends is applied where the bending stresses are dominant, this 

factor can be determined by the relationship between the bending stresses in the tube with and without 

the thickening, as described below. 

Writing the bending stresses, as a function of the pipe diameters, we have: 

𝝈 =
𝑀𝑦

𝐼
=

32𝑀

𝜋

𝐷

(𝐷𝑒
4 − 𝐷𝑖

4)
 (1) 

Where: 

• 𝑀 is the applied bending moment on the cross section; 

• 𝐷 is the diameter referring to the point where the stress is to be calculated (external or internal 

wall); 

• 𝐷𝑒  is the outer diameter of the tube; 

• 𝐷𝑖 is the inner diameter of the tube. 

The bending moment (𝑀), for a given bending deformation (rotation), depends on the global stiffness of 

the pipe, which can be influenced by the presence of the upset-end. Thus, for pipes without upset-end, 

the bending moment can be written as: 

𝑀𝑝 =
𝜃𝐸𝐼

𝐼
=

𝜋𝜃𝐸(𝐷𝑝
4 − 𝐷𝑖

4)

64𝐿
 (2) 

Where: 

• 𝐸 is the Young modulus of the pipe material; 

• 𝐷𝑝 is the outer diameter of the pipe without an upset-end; 

• 𝜃 is the relative rotation between two sections of the tube, apart from each other by the length 

𝐿 (length of the joint). 

Substituting (2) in (1), for the external pipe wall and simplifying the expressions, we have: 

𝜎𝑝 =
𝜃𝐸𝐷𝑝

2𝐿
 (3) 

In pipes with the upset-ends, the bending moment can be written as: 

𝑀𝑢 =
𝜃𝐸

𝐿𝑢

𝐼𝑢
+

𝐿𝑝

𝐼𝑝

=
𝜋𝜃𝐸

64 (
𝐿𝑢

(𝐷𝑢
4 − 𝐷𝑖

4)
+

𝐿𝑝

(𝐷𝑝
4 − 𝐷𝑖

4)
)

 
(4) 
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Where: 

• 𝐿𝑢 is the upset-end length; 

• 𝐿𝑝 is the pipe length without the upset-end. 

In a pipe joint of length 𝐿, with an upset-end of length 𝐿𝑢 at each end, Eq. (4) may be rewritten as follows: 

𝑀𝑢 =
𝜋𝜃𝐸

64 (
2𝐿𝑢

(𝐷𝑢
4 − 𝐷𝑖

4)
+

𝐿 − 2𝐿𝑢

(𝐷𝑝
4 − 𝐷𝑖

4)
)

 
(5) 

Substituting (5) in (1), for the external pipe wall and simplifying the expressions, we have: 

𝜎𝑢 =
𝜃𝐸𝐷𝑢

2 (2𝐿𝑢 +
(𝐿 − 2𝐿𝑢)(𝐷𝑢

4 − 𝐷𝑖
4)

(𝐷𝑝
4 − 𝐷𝑖

4)
)

 
(6) 

Assuming that the upset-end does not influence in the global displacements of the riser, i.e. the cross 

section rotations are the same for pipes with and without the upset-end, the stress reduction factor on 

the outer pipe wall with upset-end, can be obtained as follows: 

𝑆𝑅𝐹𝑒 =
𝝈𝒖

𝝈𝒑

=
𝐷𝑢

𝐷𝑝

(
𝐿(𝐷𝑝

4 − 𝐷𝑖
4)

2𝐿𝑢(𝐷𝑝
4 − 𝐷𝑖

4) + (𝐿 − 2𝐿𝑢)(𝐷𝑢
4 − 𝐷𝑖

4)
) (7) 

For the inner wall, the expression takes the following form: 

𝑆𝑅𝐹𝑖 =
𝐿(𝐷𝑝

4 − 𝐷𝑖
4)

2𝐿𝑢(𝐷𝑝
4 − 𝐷𝑖

4) + (𝐿 − 2𝐿𝑢)(𝐷𝑢
4 − 𝐷𝑖

4)
 (8) 

The expressions presented here are simplifications and may overestimate the stress reduction. In order 

to avoid this problem, it is recommended to apply a safety factor (𝑆𝐹) over the stress reduction factor. 

Thus, Eqs. (8) and (7) can be rewritten as follows, respectively: 

𝑆𝑅𝐹𝑖 = 𝑆𝐹
𝐿(𝐷𝑝

4 − 𝐷𝑖
4)

2𝐿𝑢(𝐷𝑝
4 − 𝐷𝑖

4) + (𝐿 − 2𝐿𝑢)(𝐷𝑢
4 − 𝐷𝑖

4)
 (9) 

 

𝑆𝑅𝐹𝑒 =
𝐷𝑢

𝐷𝑝

𝑆𝑅𝐹𝑖 (10) 

It is recommended to use a safety factor of at least 5% (𝑆𝐹 = 1.05). 
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APPENDIX D  

VIV TDP SPREADING 

VIV analyses are normally carried out with the riser at the mean static configuration by using a linearized 

frequency domain approach, which leads to a concentrated damage at the Touchdown Point (TDP). 

This appendix shows a simplified methodology to spread the VIV damage at Touchdown Zone (TDZ) 

due to the movements of the TDP in operational conditions. 

The methodology presented here in is based on the following assumptions: 

• VIV analysis is performed with the riser in the mean static configuration; 

• It is assumed that the damage of VIV in the TDP is independent of the displacement of the floating 
unit, varying only its position along the riser; 

• The distribution of the TDP positions can be obtained from wave fatigue analysis, where offsets 
and/or low-frequency movements are considered. 

As a background, let's assume the hypothetical example of a SCR: 

 

Figure 16 – TDP offset 

Due to the floating unit movements, the TDP position along line changes, as shown in Figure 16. Taking 

as reference the mean TDP position, it is possible to calculate the TDP offset, which is the movement 

of TDP along the line length. 

A good approximation of the distribution of TDP positions may be obtained from the whole set of Wave 

and Motion Fatigue analysis. As an example, let’s consider the TDP displacements along line for a set 

of five wave fatigue load cases, as show in Table 10. 

Offset Far
Mean
Offset Near

TDP Offset

TDPNear TDPFar
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Table 10 
Wave Fatigue Seastates for Storm Conditions 

 

Let’s also consider the results of a VIV analysis at the TDP region, as shown in Figure 17. 

 

Figure 17 – VIV damage at TDP 

The damage shown in Figure 17 can be spread around the TDZ (TDP Offsets) presented in Table 10, 

by using Eq. 1: 

𝝈𝐷𝑆 = ∑ 𝐷𝑆𝐻
𝑖 𝑂𝑖 (11) 

Where:  𝐷𝑆: Spread damage 

𝐷𝑆𝐻
𝑖 : Displaced damage for loading case 𝑖 (original damage displaced along line by TDP 

offset) 

𝑂𝑖: Percentage of occurrence for loading case 𝑖. 

The result of this procedure is shown in Figure 18: 

Case Occurrence TDP Offset

LC1 0.15 -5.00

LC2 0.20 -2.00

LC3 0.30 0.00

LC4 0.20 2.00

LC5 0.15 5.00

0.0E+00

2.0E-04

4.0E-04

6.0E-04

8.0E-04

1.0E-03

1000.00 1010.00 1020.00 1030.00 1040.00 1050.00 1060.00 1070.00

Position Along Line (m)

VIV Damage at TDZ
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Figure 18 – VIV damage spreading at TDP 

Note: The VIV damage spreading shall be applied only at the TDP region. 

See the attached spreadsheet file “VIVDamageSpreading” as example. 

 

 

 

 

 

 


DamageSpreading



						Riser Azim. :				337.8



						Offset																				VIV Damage

				Case		X		Y		Local		Xlocal		Ylocal		TDP		Occurrence		TDP Offset				Position (m)		Orginal		Spread

				LC001_N		-0.974		-1.971		-1.4568739963		0.5504664171		-1.3488767789		1024.3981975297		9.59E-04		-2.05E-01				999.50		1.7964E-07		1.7850E-07

				LC002_N		-0.616		-2.009		-1.6273240802		0.6148694109		-1.5066914978		1024.1171935214		2.88E-03		-4.86E-01				1000.50		1.8417E-07		1.8256E-07

				LC003_N		-0.624		-2.544		-2.1196421168		0.8008872452		-1.9625142863		1023.3055580063		5.11E-03		-1.30E+00				1001.50		1.8424E-07		1.8664E-07

				LC004_N		0.748		-4.388		-4.3453450347		1.6418485869		-4.0232271485		1019.6362641758		2.45E-03		-4.97E+00				1002.50		1.8921E-07		1.9265E-07

				LC005_N		-0.299		-3.054		-2.7146343708		1.0256995866		-2.5134001124		1022.3246537764		6.39E-04		-2.28E+00				1003.50		1.8983E-07		2.0090E-07

				LC006_N		0.018		-3.931		-3.6463984031		1.3777580417		-3.3760930219		1020.7885475927		4.26E-04		-3.81E+00				1004.50		1.9637E-07		2.1403E-07

				LC007_NE		0.255		-2.93		-2.8091502141		1.0614115272		-2.6009095516		1022.168834957		3.52E-03		-2.43E+00				1005.50		2.0642E-07		2.3304E-07

				LC008_NE		-1.173		-1.863		-1.2816896566		0.4842746283		-1.1866787519		1024.6870064322		2.42E-02		8.36E-02				1006.50		2.3163E-07		2.5915E-07

				LC009_NE		-1.002		-2.289		-1.7407213002		0.6577155057		-1.6116826482		1023.9302468644		2.08E-02		-6.73E-01				1007.50		2.6696E-07		2.9068E-07

				LC010_NE		-1.024		-2.906		-2.3036709538		0.8704208457		-2.1329011732		1023.0021680656		9.06E-03		-1.60E+00				1008.50		3.1427E-07		3.2636E-07

				LC011_NE		0.537		-3.897		-3.8110181715		1.4399581045		-3.5285096232		1020.5171554424		3.20E-03		-4.09E+00				1009.50		3.7121E-07		3.6695E-07

				LC012_NE		-0.272		-4.149		-3.7386643624		1.4126198843		-3.4615193596		1020.6364379322		1.07E-03		-3.97E+00				1010.50		4.1071E-07		4.1662E-07

				LC013_E		-0.883		-1.493		-1.0486913684		0.3962383718		-0.9709524905		1025.0711274101		2.66E-03		4.68E-01				1011.50		4.2603E-07		4.8888E-07

				LC014_E		-1.064		-1.574		-1.0552977033		0.3987345145		-0.9770691017		1025.0602362063		2.24E-02		4.57E-01				1012.50		4.5671E-07		6.1242E-07

				LC015_E		-0.044		-3.008		-2.7683937245		1.0460120631		-2.5631743167		1022.2360261058		2.52E-02		-2.37E+00				1013.50		5.0713E-07		8.2426E-07

				LC016_E		-1.27		-1.885		-1.2654082531		0.47812285		-1.1716042793		1024.7138479539		1.44E-02		1.10E-01				1014.50		6.4972E-07		1.1929E-06

				LC017_E		-1.285		-1.967		-1.3356620293		0.5046675921		-1.2366501841		1024.5980275786		3.62E-03		-5.35E-03				1015.50		9.2984E-07		1.8391E-06

				LC018_E		0.475		-4.596		-4.4347755815		1.6756390951		-4.1060282612		1019.4888289763		7.46E-04		-5.11E+00				1016.50		1.3950E-06		3.0165E-06

				LC019_E		3.834		-8.838		-9.6314858052		3.6391681749		-8.9175093951		1010.9215325015		1.07E-04		-1.37E+01				1017.50		2.0365E-06		5.2192E-06

				LC020_SE		-0.843		-1.38		-0.9591816237		0.3624179394		-0.8880780509		1025.2186931751		1.49E-03		6.15E-01				1018.50		3.1325E-06		9.3497E-06

				LC021_SE		-0.96		-1.319		-0.858496146		0.3243748593		-0.7948563288		1025.3846832537		1.60E-02		7.81E-01				1019.50		5.3953E-06		1.6746E-05

				LC022_SE		-1.201		-1.387		-0.8303957162		0.3137573708		-0.7688389673		1025.4310096223		1.53E-02		8.28E-01				1020.50		1.0304E-05		2.9249E-05

				LC023_SE		-1.439		-1.36		-0.7154711031		0.2703341645		-0.6624336487		1025.6204743394		1.11E-02		1.02E+00				1021.50		2.0618E-05		4.9567E-05

				LC024_SE		-1.451		-1.665		-0.993327542		0.3753196601		-0.9196927523		1025.1624002142		2.13E-03		5.59E-01				1022.50		3.9821E-05		8.1984E-05

				LC025_SE		0.018		-2.579		-2.3946213724		0.9047856235		-2.2171094905		1022.8522272055		1.07E-04		-1.75E+00				1023.50		7.0047E-05		1.3231E-04

				LC026_S		-0.741		-1.338		-0.9588348194		0.3622869026		-0.887756955		1025.2192649167		2.02E-03		6.16E-01				1024.50		1.1755E-04		2.0610E-04

				LC027_S		-0.912		-1.361		-0.9155190683		0.3459204451		-0.8476521752		1025.2906752639		1.05E-02		6.87E-01				1025.50		1.9637E-04		3.0459E-04

				LC028_S		-0.96		-1.446		-0.9760817103		0.3688034814		-0.9037253439		1025.1908316924		1.01E-02		5.87E-01				1026.50		3.3185E-04		4.2213E-04

				LC029_S		-0.929		-0.783		-0.373942577		0.1412907575		-0.3462224324		1026.1835182676		9.06E-03		1.58E+00				1027.50		5.2982E-04		5.4539E-04

				LC030_S		-1.326		-1.555		-0.9387118761		0.3546836338		-0.8691257137		1025.2524396011		1.92E-03		6.49E-01				1028.50		7.4319E-04		6.5532E-04

				LC031_S		-1.12		-1.468		-0.9359963373		0.3536575925		-0.8666114762		1025.2569164384		4.26E-04		6.54E-01				1029.50		9.1310E-04		7.3572E-04

				LC032_S		-0.594		-0.532		-0.2681257237		0.1013088344		-0.2482497206		1026.3579679318		2.13E-04		1.75E+00				1030.50		9.9021E-04		7.7577E-04

				LC033_S		-1.541		-2.516		-1.7472377389		0.660177682		-1.6177160271		1023.9195038637		1.07E-04		-6.84E-01				1031.50		9.5952E-04		7.7137E-04

				LC034_SLC0		2.923		-2.913		-3.8014896334		1.4363578342		-3.51968743		1020.5328641903		2.13E-04		-4.07E+00				1032.50		8.4655E-04		7.2584E-04

				LC035_SLC0		-0.942		-1.25		-0.8014122098		0.3028062199		-0.7420039914		1025.4787918309		2.56E-03		8.75E-01				1033.50		6.9698E-04		6.4857E-04

				LC036_SLC0		-1.027		-0.75		-0.3063604505		0.1157554737		-0.2836501295		1026.2949341612		3.41E-03		1.69E+00				1034.50		5.4431E-04		5.5186E-04

				LC037_SLC0		-0.887		-1.628		-1.1721725342		0.4428945926		-1.0852800697		1024.8675563602		4.15E-03		2.64E-01				1035.50		4.1031E-04		4.4941E-04

				LC038_SLC0		-0.119		0.039		0.0810720064		-0.0306323107		0.075062186		1026.9336553098		1.28E-03		2.33E+00				1036.50		2.9929E-04		3.5232E-04

				LC039_SLC0		-0.63		-1.633		-1.2739069693		0.4813340116		-1.1794729907		1024.6998369704		7.46E-04		9.65E-02				1037.50		2.1396E-04		2.6794E-04

				LC040_SLC0		-2.837		-1.471		-0.2900213181		0.109581883		-0.2685222074		1026.3218708551		1.07E-04		1.72E+00				1038.50		1.5097E-04		1.9903E-04

				LC041_SLC0		-2.079		-1.533		-0.6338286107		0.239486301		-0.5868432665		1025.7550701524		1.07E-04		1.15E+00				1039.50		1.0516E-04		1.4518E-04

				LC042_SLC0		-4.132		-3.529		-1.7061591627		0.6446565205		-1.5796825817		1023.9872260044		1.07E-04		-6.16E-01				1040.50		7.2875E-05		1.0460E-04

				LC043_SLC0		-5.589		-3.514		-1.1417570775		0.4314023925		-1.0571192931		1024.917699282		1.07E-04		3.14E-01				1041.50		5.1167E-05		7.4897E-05

				LC044_N		-1.666		2.319		2.776576637		-1.0491039012		2.5707506347		1031.3774642438		3.20E-04		6.77E+00				1042.50		3.6148E-05		5.3542E-05

				LC045_N		-0.184		0.259		0.3093231862		-0.1168749161		0.2863932393		1027.3099502048		1.07E-04		2.71E+00				1043.50		2.5935E-05		3.8419E-05

				LC046_N		-0.268		0.545		0.6058607996		-0.2289189212		0.5609486928		1027.7988221142		1.07E-04		3.20E+00				1044.50		1.9436E-05		2.7828E-05

				LC047_NE		-0.735		-0.736		-0.4037277721		0.1525448191		-0.3737996685		1026.1344143949		5.33E-04		1.53E+00				1045.50		1.4821E-05		2.0342E-05

				LC048_NE		-1.822		-0.607		0.1264224686		-0.047767565		0.1170508449		1027.0084200817		2.66E-03		2.41E+00				1046.50		1.1229E-05		1.5053E-05

				LC049_NE		-2.919		1.179		2.1945186762		-0.8291786633		2.0318402901		1030.4178834896		1.81E-03		5.81E+00				1047.50		7.7271E-06		1.1263E-05

				LC050_NE		-0.298		-1.95		-1.6928510859		0.6396281863		-1.5673610249		1024.0091656998		1.92E-03		-5.94E-01				1048.50		5.7468E-06		8.6433E-06

				LC051_NE		-0.763		0.125		0.4040263434		-0.1526576315		0.3740761069		1027.4660778298		3.20E-04		2.86E+00				1049.50		4.4459E-06		6.7706E-06

				LC052_NE		-0.62		0.095		0.3222189934		-0.121747478		0.2983330878		1027.3312102325		3.20E-04		2.73E+00				1050.50		3.9543E-06		5.4758E-06

				LC053_E		-2.408		0.875		1.7199773764		-0.6498776052		1.5924764593		1029.6355547027		6.39E-04		5.03E+00				1051.50		3.6456E-06		4.6258E-06

				LC054_E		-1.002		-0.87		-0.4269109404		0.1613043656		-0.395264282		1026.0961946237		4.69E-03		1.49E+00				1052.50		3.5245E-06		4.1176E-06

				LC055_E		-1.142		-0.897		-0.399011736		0.1507629083		-0.3694332294		1026.142189252		5.86E-03		1.54E+00				1053.50		3.4406E-06		3.8426E-06

				LC056_E		-1.837		-0.758		-0.0077163779		0.0029155623		-0.0071443673		1026.7872787794		4.79E-03		2.18E+00				1054.50		3.4205E-06		3.7099E-06

				LC057_E		-2.767		-0.479		0.601993447		-0.2274576777		0.5573680248		1027.7924463967		4.26E-03		3.19E+00				1055.50		3.4562E-06		3.6632E-06

				LC058_E		-1.683		-0.747		-0.0557192826		0.0210530176		-0.0515888448		1026.7081411906		1.17E-03		2.10E+00				1056.50		3.5579E-06		3.6676E-06

				LC059_E		0.309		-3.349		-3.2174933917		1.2157002347		-2.9789824882		1021.4956403945		4.26E-04		-3.11E+00				1057.50		3.6538E-06		3.6997E-06

				LC060_SE		0.83		-3.148		-3.228248454		1.2197639359		-2.9889402841		1021.4779095987		8.52E-04		-3.13E+00				1058.50		3.7548E-06		3.7506E-06

				LC061_SE		-0.911		-0.871		-0.4622203226		0.1746456904		-0.4279562004		1026.0379835762		1.17E-02		1.43E+00				1059.50		3.8125E-06		3.8077E-06

				LC062_SE		-1.171		-0.771		-0.2713946595		0.1025439717		-0.2512763321		1026.3525787643		1.27E-02		1.75E+00				1060.50		3.8742E-06		3.8666E-06

				LC063_SE		-1.413		-0.576		0.0005875749		-0.0002220098		0.0005440183		1026.800968676		1.48E-02		2.20E+00				1061.50		3.9266E-06		3.9200E-06

				LC064_SE		-1.5		-0.641		-0.0267218646		0.0100966104		-0.0247409884		1026.755946334		1.07E-02		2.15E+00				1062.50		3.9869E-06		3.9659E-06

				LC065_SE		-1.507		-0.632		-0.0157441439		0.0059487797		-0.0145770397		1026.7740442044		4.05E-03		2.17E+00				1063.50		4.0256E-06		4.0019E-06

				LC066_SE		-1.926		-0.48		0.2833034747		-0.1070436078		0.2623023538		1027.2670541084		1.60E-03		2.66E+00				1064.50		4.0642E-06		4.0317E-06

				LC067_SE		-3.729		-1.152		0.3423653803		-0.1293596047		0.3169860349		1027.364423566		7.46E-04		2.76E+00				1065.50		4.0828E-06		4.0560E-06

				LC068_S		2.959		-2.476		-3.4104864562		1.288620886		-3.1576690897		1021.1774720283		5.33E-04		-3.43E+00				1066.50		4.0755E-06		4.0745E-06

				LC069_S		-0.925		-0.735		-0.331012152		0.125069892		-0.3064744148		1026.2542933662		1.14E-02		1.65E+00				1067.50		4.0855E-06		4.0909E-06

				LC070_S		-1.666		0.154		0.7720668209		-0.2917183351		0.714833959		1028.0728293609		1.65E-02		3.47E+00				1068.50		4.1057E-06		4.1021E-06

				LC071_S		-1.664		0.144		0.7620524335		-0.2879344911		0.7055619322		1028.0563196418		2.02E-02		3.45E+00				1069.50		4.1326E-06		4.1088E-06

				LC072_S		-1.342		-0.425		0.1135673374		-0.0429103721		0.1051486571		1026.9872271124		1.17E-02		2.38E+00				1070.50		4.1289E-06		4.1088E-06

				LC073_S		-1.801		0.536		1.1767578905		-0.4446271272		1.0895255163		1028.7400030583		3.62E-03		4.14E+00				1071.50		4.1336E-06		4.1056E-06

				LC074_S		-0.252		0.314		0.3859392419		-0.1458235868		0.3573297916		1027.4362594342		1.60E-03		2.83E+00				1072.50		4.1133E-06		4.0938E-06

				LC075_S		-1.803		0.351		1.0062275139		-0.3801937956		0.9316364567		1028.4588666794		4.26E-04		3.86E+00				1073.50		4.0998E-06		4.0763E-06

				LC076_S		-0.833		0.843		1.0952502784		-0.413830227		1.0140600158		1028.605629609		1.07E-04		4.00E+00				1074.50		4.0772E-06		4.0549E-06

				LC077_S		0.383		0.13		-0.0243498453		0.0092003647		-0.0225448055		1026.759856845		1.07E-04		2.16E+00				1075.50		4.0206E-06		4.0290E-06

				LC078_SLC0		2.525		-2.033		-2.8363428856		1.0716860276		-2.6260864462		1022.1240051187		3.20E-04		-2.48E+00				1076.50		3.9878E-06		4.0027E-06

				LC079_SLC0		-1.323		-0.467		0.0675017979		-0.0255049324		0.0624979291		1026.9112834639		9.59E-04		2.31E+00				1077.50		3.9839E-06		3.9734E-06

				LC080_SLC0		-1.984		-0.499		0.2876266992		-0.1086770983		0.2663051002		1027.2741813764		4.15E-03		2.67E+00				1078.50		3.9601E-06		3.9346E-06

				LC081_SLC0		-1.093		0.04		0.4500148034		-0.1700339474		0.4166554692		1027.5418944049		7.67E-03		2.94E+00				1079.50		3.9396E-06		3.8920E-06

				LC082_SLC0		-1.21		0.089		0.5395898341		-0.2038790475		0.4995903553		1027.6895678005		4.79E-03		3.09E+00				1080.50		3.8705E-06		3.8413E-06

				LC083_SLC0		-2.474		1.529		2.3504342308		-0.8880899191		2.1761979158		1030.6749258728		1.49E-03		6.07E+00

				LC084_SLC0		-1.632		0.364		0.953653057		-0.3603290214		0.8829593136		1028.3721924297		1.17E-03		3.77E+00

				LC085_SLC0		-0.59		0.017		0.2386658642		-0.0901776979		0.2209737032		1027.1934645437		2.13E-04		2.59E+00

				LC086_NLC0		3.038		-2.315		-3.2912707142		1.2435763163		-3.0472907409		1021.3740111006		2.13E-04		-3.23E+00

				LC087_NLC0		3.64		-3.035		-4.1853576889		1.5813988423		-3.8750995711		1019.9000193141		3.20E-04		-4.70E+00

				LC088_N		0.206		-0.427		-0.4731819418		0.1787874372		-0.4381052412		1026.0199122507		8.52E-04		1.42E+00

				LC089_N		6.215		4.542		1.8570237061		-0.7016592983		1.7193636248		1029.8614892819		3.20E-04		5.26E+00

				LC090_N		3.297		0.769		-0.5337465944		0.2016712332		-0.4941802715		1025.9200653644		2.13E-04		1.32E+00

				LC091_N		4.25		-1.761		-3.2362814438		1.2227991271		-2.996377793		1021.4646664117		2.13E-04		-3.14E+00

				LC092_N		5.677		1.108		-1.1191375388		0.4228558082		-1.0361765275		1024.9549898535		1.07E-04		3.52E-01

				LC093_NE		0.684		-0.974		-1.1602410478		0.4383863904		-1.0742330574		1024.8872266086		4.26E-04		2.84E-01

				LC094_NE		0.032		0.691		0.6276856689		-0.237165247		0.5811556974		1027.8348025938		3.94E-03		3.23E+00

				LC095_NE		2.426		-0.241		-1.1397765598		0.4306540721		-1.0552855899		1024.9209643636		2.88E-03		3.18E-01

				LC096_NE		2.224		-1.011		-1.7763730711		0.6711861989		-1.6446915742		1023.8714713549		9.59E-04		-7.32E-01

				LC097_E		1.088		0.373		-0.0657410479		0.0248396493		-0.0608677025		1026.6916193084		5.33E-04		2.09E+00

				LC098_E		-0.128		0.43		0.4464879722		-0.1687013667		0.4133900799		1027.5360800709		3.09E-03		2.93E+00

				LC099_E		-0.573		0.519		0.6970296044		-0.2633662141		0.6453592074		1027.9491230057		1.70E-03		3.35E+00

				LC100_E		-0.184		0.118		0.1787754338		-0.0675486506		0.1655229154		1027.0947291801		7.46E-04		2.49E+00

				LC101_E		7.445		0.505		-2.3454600125		0.8862104566		-2.1715924335		1022.9332746233		2.13E-04		-1.67E+00

				LC102_E		1.822		-3.391		-3.8280530667		1.4463945827		-3.5442817315		1020.4890717143		1.07E-04		-4.11E+00

				LC103_SE		1.884		-3.009		-3.4977966321		1.3216102316		-3.2385070133		1021.0335324724		2.13E-04		-3.57E+00

				LC104_SE		-0.371		-0.295		-0.1329528906		0.0502350248		-0.1230971706		1026.5808138645		2.77E-03		1.98E+00

				LC105_SE		-0.36		-0.337		-0.1759957038		0.0664983552		-0.1629492452		1026.5098534827		2.98E-03		1.91E+00

				LC106_SE		-0.676		-0.369		-0.0862258739		0.032579652		-0.0798340003		1026.6578480243		3.73E-03		2.05E+00

				LC107_SE		-1.485		0.758		1.2629034717		-0.4771764414		1.1692851759		1028.8820226635		4.58E-03		4.28E+00

				LC108_SE		-1.616		1.645		2.1336478235		-0.8061791724		1.9754817581		1030.3175318018		7.46E-04		5.71E+00

				LC109_SE		-0.053		-0.534		-0.4743893306		0.1792436379		-0.4392231269		1026.0179217496		2.13E-04		1.41E+00

				LC110_SE		0.784		2.62		2.1295537553		-0.8046322665		1.9716911808		1030.3107823211		3.20E-04		5.71E+00

				LC111_SE		0.318		1.018		0.8223828851		-0.3107297964		0.7614201228		1028.1557804244		2.13E-04		3.55E+00

				LC112_SE		-0.207		2.441		2.3382631404		-0.8834911848		2.1649290612		1030.6548606133		1.07E-04		6.05E+00

				LC113_S		-0.231		-0.545		-0.417318247		0.1576798548		-0.3863826894		1026.1120091381		5.33E-04		1.51E+00

				LC114_S		3.646		-2.004		-3.2330521607		1.2215789722		-2.9933878947		1021.4699902079		6.71E-03		-3.13E+00

				LC115_S		-0.174		-0.235		-0.1518352905		0.0573695656		-0.1405798292		1026.54968434		1.14E-02		1.95E+00

				LC116_S		2.196		-0.777		-1.5491398123		0.5853282056		-1.4343029839		1024.2460881055		1.15E-02		-3.57E-01

				LC117_S		2.121		-0.757		-1.5022843415		0.5676242976		-1.3909208819		1024.3233340345		6.60E-03		-2.80E-01

				LC118_S		3.116		1.168		-0.0959350487		0.0362481743		-0.0888234396		1026.6418414788		3.30E-03		2.04E+00

				LC119_S		1.987		1.893		1.0019033736		-0.378559959		0.9276328625		1028.4517379018		1.70E-03		3.85E+00

				LC120_S		0.226		1.582		1.3793352473		-0.5211691151		1.2770859321		1029.0739720888		9.59E-04		4.47E+00

				LC121_S		3.589		-0.123		-1.4699526658		0.5554080718		-1.3609859343		1024.3766360351		3.20E-04		-2.27E-01

				LC122_S		-2.461		1.802		2.5982849702		-0.9817380375		2.4056756249		1031.0835326019		1.07E-04		6.48E+00

				LC123_S		0.155		3.961		3.6088080645		-1.3635548786		3.3412892331		1032.7494809751		1.07E-04		8.15E+00

				LC124_SLC		3.385		-2.182		-3.2992406794		1.2465876942		-3.0546698973		1021.3608718159		2.13E-04		-3.24E+00

				LC125_SLC		2.6		-0.881		-1.7980780309		0.679387218		-1.664787558		1023.8356885582		2.45E-03		-7.68E-01

				LC126_SLC		2.861		-0.564		-1.6031935009		0.6057518938		-1.4843497043		1024.1569751944		5.54E-03		-4.46E-01

				LC127_SLC		-0.14		-0.16		-0.0952415834		0.0359861548		-0.0881813805		1026.6429847256		6.71E-03		2.04E+00

				LC128_SLC		1.251		0.682		0.1587649145		-0.0599878602		0.1469957643		1027.0617398381		6.29E-03		2.46E+00

				LC129_SLC		-0.011		0.667		0.6217119287		-0.2349081243		0.575624787		1027.8249542857		5.22E-03		3.22E+00

				LC130_SLC		0.601		1.072		0.765450954		-0.2892185907		0.7087085225		1028.0619224428		2.66E-03		3.46E+00

				LC131_SLC		0.515		1.417		1.1173706135		-0.4221881918		1.0345405833		1028.6420971934		1.38E-03		4.04E+00

				LC132_SLC		-0.352		1.042		1.0977571063		-0.4147774088		1.016381014		1028.6097623655		5.33E-04		4.01E+00

				LC133_SLC		-0.386		1.357		1.4022529273		-0.5298283494		1.2983047378		1029.1117541759		2.13E-04		4.51E+00

				LC134_LC		-0.681		0.29		0.5258120454		-0.198673237		0.486833906		1027.6668537381		1.07E-04		3.06E+00

				LC135_LC		-0.419		2.273		2.262819129		-0.8549853601		2.0950776702		1030.530483616		1.07E-04		5.93E+00

				LC137_N		0.91		-1.982		-2.1789106151		0.8232813012		-2.0173892454		1023.2078479599		2.02E-03		-1.40E+00

				LC138_N		0.807		-2.595		-2.7075516825		1.0230234581		-2.5068424597		1022.3363302962		1.60E-03		-2.27E+00

				LC139_N		1.526		-4.028		-4.3059917563		1.6269793132		-3.9867911056		1019.7011419906		4.26E-04		-4.90E+00

				LC140_NE		0.499		-1.174		-1.2755146192		0.4819414473		-1.1809614664		1024.6971865988		6.39E-04		9.38E-02

				LC141_NE		1.559		-2.894		-3.2685232591		1.2349813999		-3.0262295414		1021.4115125551		2.13E-03		-3.19E+00

				LC142_NE		1.846		-2.931		-3.4112207765		1.2888983422		-3.1583489753		1021.1762614278		3.20E-03		-3.43E+00

				LC143_NE		2.335		-3.715		-4.3218674598		1.6329778015		-4.0014899525		1019.6749693058		2.13E-03		-4.93E+00

				LC144_NE		5.379		-4.19		-5.9118033427		2.2337204265		-5.4735648181		1017.0538010093		6.39E-04		-7.55E+00

				LC145_NE		2.22		-4.384		-4.8978231905		1.850597368		-4.5347504217		1018.7254486881		1.07E-04		-5.88E+00

				LC146_E		1.091		-0.477		-0.8538645674		0.32262486		-0.7905680863		1025.3923188742		3.20E-04		7.89E-01

				LC147_E		0.249		-1.344		-1.3384524219		0.5057219162		-1.2392337266		1024.5934273372		1.81E-03		-9.95E-03

				LC148_E		0.901		-1.637		-1.8560846963		0.701304502		-1.7184942232		1023.7400587698		1.60E-03		-8.63E-01

				LC149_E		8.474		-0.171		-3.3601466975		1.269600472		-3.1110609879		1021.2604621545		5.33E-04		-3.34E+00

				LC150_SE		-0.165		-0.41		-0.3172632099		0.1198749809		-0.2937446737		1026.2769598721		3.20E-04		1.67E+00

				LC151_SE		0.177		-1.108		-1.0927424272		0.4128826585		-1.0117380702		1024.9985048345		2.34E-03		3.95E-01

				LC152_SE		4.006		-2.995		-4.2866125935		1.6196570751		-3.9688485088		1019.7330904784		1.28E-03		-4.87E+00

				LC153_SE		1.719		-2.52		-2.9827021863		1.1269865409		-2.7615962175		1021.8827171757		8.52E-04		-2.72E+00

				LC154_SE		-0.23		-1.166		-0.9926617209		0.3750680857		-0.9190762881		1025.1634978869		1.07E-04		5.60E-01

				LC155_SE		1.62		0.62		-0.0380623121		0.0143814939		-0.0352407751		1026.7372504723		1.07E-04		2.13E+00

				LC156_S		1.4		-2.484		-2.8288396342		1.0688509932		-2.6191394065		1022.136374979		1.17E-03		-2.47E+00

				LC157_S		1.291		-2.216		-2.5395216717		0.9595348666		-2.3512684153		1022.613344572		2.88E-03		-1.99E+00

				LC158_S		4.263		-2.977		-4.3670520052		1.6500503657		-4.0433249939		1019.6004780642		1.70E-03		-5.00E+00

				LC159_S		0.424		-1.319		-1.381427795		0.521959765		-1.2790233604		1024.5225781372		9.59E-04		-8.08E-02

				LC160_S		0.747		-0.997		-1.2053400408		0.4554266294		-1.1159888885		1024.8128764087		4.26E-04		2.10E-01

				LC161_S		1.117		0.616		0.1482881214		-0.0560293005		0.1372956097		1027.0444677969		1.07E-04		2.44E+00

				LC162_S		3.652		1.009		-0.4456711334		0.1683927317		-0.4126337929		1026.0652665695		1.07E-04		1.46E+00

				LC163_S		2.39		1.016		0.0376450337		-0.0142238291		0.0348544293		1026.8620616025		2.13E-04		2.26E+00

				LC164_SLC		2.653		-1.48		-2.3727000729		0.8965028624		-2.1968132041		1022.8883666597		3.20E-04		-1.72E+00

				LC165_SLC		5.738		-3.509		-5.4169303169		2.0467372131		-5.0153764403		1017.8696486796		9.59E-04		-6.73E+00

				LC166_SLC		3.785		-1.599		-2.9105944432		1.0997412945		-2.6948337793		1022.0015940009		2.34E-03		-2.60E+00

				LC167_SLC		1.823		-0.782		-1.4128345517		0.5338265187		-1.3081019526		1024.4708009581		1.49E-03		-1.33E-01

				LC168_SLC		0.879		-1.22		-1.4616841651		0.552283895		-1.3533303727		1024.3902674855		1.07E-03		-2.13E-01

				LC169_SLC		0.585		-0.551		-0.7311915525		0.2762739915		-0.6769887503		1025.5945576065		7.46E-04		9.91E-01

				LC170_SLC		3.096		0.864		-0.3698428907		0.1397417288		-0.3424266535		1026.1902770104		2.13E-04		1.59E+00

				LC171_SLC		3.983		-0.021		-1.5243831362		0.5759741236		-1.4113815058		1024.2869019617		1.07E-04		-3.16E-01

				LC172_SLC		1.822		0.216		-0.4884378673		0.1845517481		-0.4522302538		1025.994761332		4.26E-04		1.39E+00

				LC173_NLC		-0.144		-5.79		-5.3063816127		2.0049674037		-4.913022647		1018.0518992732		1.07E-04		-6.55E+00

				LC174_N		-0.846		-1.108		-0.7062113023		0.2668354341		-0.6538602715		1025.635740047		1.70E-03		1.03E+00

				LC175_N		-1.001		-2.279		-1.7318404352		0.6543599527		-1.6034601165		1023.9448878586		7.14E-03		-6.58E-01

				LC176_N		-0.692		-2.943		-2.4633713066		0.9307621527		-2.2807630323		1022.7388860639		4.26E-03		-1.86E+00

				LC177_N		-0.872		-2.566		-2.0463067545		0.7731781542		-1.8946152315		1023.4264586845		5.33E-04		-1.18E+00

				LC178_N		5.656		-9.593		-11.0189440103		4.1634064748		-10.2021161348		1008.6341689046		1.07E-04		-1.60E+01

				LC179_NE		0.036		-2.749		-2.558820506		0.9668267533		-2.3691366383		1022.5815285139		3.84E-03		-2.02E+00

				LC180_NE		-0.011		-3.201		-2.9595554933		1.1182407762		-2.7401653754		1021.9208768137		2.71E-02		-2.68E+00

				LC181_NE		0.15		-3.703		-3.4851748936		1.316841224		-3.2268209169		1021.0543406704		2.44E-02		-3.55E+00

				LC182_NE		-0.874		-2.987		-2.4353425891		0.9201717601		-2.2548120672		1022.7850942075		9.69E-03		-1.82E+00

				LC183_NE		-1.094		-3.398		-2.7327504264		1.0325445713		-2.5301732354		1022.294787647		2.66E-03		-2.31E+00

				LC184_NE		-4.446		-2.578		-0.7070142294		0.2671388127		-0.6546036781		1025.6344163413		6.39E-04		1.03E+00

				LC185_NE		-1.322		-4.027		-3.2289753249		1.2200385774		-2.9896132724		1021.4767112794		1.07E-04		-3.13E+00

				LC186_E		0.368		-2.716		-2.6537099179		1.0026798434		-2.4569919536		1022.4250938294		2.56E-03		-2.18E+00

				LC187_E		0.131		-2.861		-2.6984128862		1.0195704481		-2.498381117		1022.3513965158		1.31E-02		-2.25E+00

				LC188_E		0.068		-3.231		-3.017181033		1.1400140555		-2.7935191675		1021.825875349		1.68E-02		-2.78E+00

				LC189_E		-1.449		-2.341		-1.6199717389		0.6120913965		-1.4998841813		1024.1293145912		7.03E-03		-4.74E-01

				LC190_E		0.055		-4.408		-4.1020187811		1.5499100038		-3.7979385278		1020.0374118375		1.17E-03		-4.57E+00

				LC191_E		0.645		-4.897		-4.7776955613		1.8052082501		-4.4235277834		1018.9234910976		5.33E-04		-5.68E+00

				LC192_SE		0.338		-2.48		-2.4238692363		0.9158366594		-2.2441892273		1022.8040091771		7.46E-04		-1.80E+00

				LC193_SE		-1.218		-1.459		-0.8906351049		0.3365182688		-0.8246128454		1025.3316989661		2.45E-03		7.28E-01

				LC194_SE		-0.106		-2.978		-2.7171914782		1.026665766		-2.5157676629		1022.3204381291		9.59E-04		-2.28E+00

				LC195_SE		-2.132		-1.441		-0.5286229552		0.1997353133		-0.4894364447		1025.928512196		6.39E-04		1.33E+00

				LC196_S		2.613		-2.741		-3.5251092489		1.3319300522		-3.2637949618		1020.9885048922		3.20E-04		-3.61E+00

				LC197_S		-0.782		-1.463		-1.0590771703		0.4001625513		-0.980568399		1025.0540053771		1.07E-04		4.51E-01

				LC198_S		-0.877		0.701		0.98040165		-0.3704357308		0.907725049		1028.4162901602		1.07E-04		3.81E+00

				LC199_S		-0.466		-0.541		-0.3248221797		0.122731068		-0.3007433015		1026.2644981545		1.07E-04		1.66E+00

				LC200_SLC		-0.565		0.624		0.7912232895		-0.2989564302		0.7325703697		1028.104410715		1.07E-04		3.50E+00

				LC201_SLC		2.287		-5.855		-6.2850941535		2.3747649202		-5.8191837995		1016.4383937785		2.13E-04		-8.16E+00

				LC202_SLC		-0.799		-0.724		-0.3684355147		0.1392099648		-0.3411236055		1026.1925972104		2.13E-04		1.59E+00

				LC203_LC		-2.152		-0.746		0.122413917		-0.0462529707		0.1133394449		1027.0018115835		1.07E-04		2.40E+00

				LC204_LC		-1.061		-1.333		-0.8332964147		0.314853373		-0.7715246388		1025.4262275307		2.13E-04		8.23E-01

				LC205_NLC		2.436		-4.107		-4.7229706485		1.784530946		-4.3728595964		1019.0137105889		2.13E-04		-5.59E+00

				LC206_N		-3.475		2.386		3.5221239496		-1.3308020844		3.2610309609		1032.6065735432		1.07E-04		8.00E+00

				LC207_N		4.871		-3.478		-5.0606403666		1.9121163379		-4.6854980557		1018.4570282917		1.07E-04		-6.15E+00

				LC208_NE		-2.059		-0.542		0.2761523231		-0.104341611		0.2556813129		1027.2552647198		2.24E-03		2.65E+00

				LC209_NE		-0.75		-0.15		0.1445000024		-0.0545979946		0.1337883017		1027.0382227039		8.52E-04		2.43E+00

				LC210_NE		2.67		-2.327		-3.1633357517		1.1952372694		-2.9288395223		1021.5849246798		7.46E-04		-3.02E+00

				LC211_NE		-2.115		-1.195		-0.3072820847		0.1161037047		-0.2845034435		1026.2934147551		1.07E-04		1.69E+00

				LC212_E		-1.183		-0.884		-0.3714839462		0.1403617865		-0.3439460585		1026.1875715664		9.59E-04		1.58E+00

				LC213_E		-1.934		-0.677		0.1039296958		-0.039268878		0.0962254482		1026.9713384965		4.26E-03		2.37E+00

				LC214_E		-1.297		-0.769		-0.2219349792		0.0838560872		-0.205483069		1026.4341179933		3.41E-03		1.83E+00

				LC215_E		-1.823		-0.545		0.1842042856		-0.0695998922		0.1705493297		1027.1036791853		1.70E-03		2.50E+00

				LC216_E		-2.706		-3.34		-2.0699705841		0.7821193142		-1.9165248753		1023.387446495		1.07E-04		-1.22E+00

				LC217_E		-3.729		-3.407		-1.7454727884		0.6595108117		-1.6160819114		1023.922413561		1.07E-04		-6.81E-01

				LC218_SE		2.72		-5.026		-5.6811524994		2.1465711304		-5.260011987		1017.4340519895		1.07E-04		-7.17E+00

				LC219_SE		-0.942		-0.735		-0.3245888587		0.1226429097		-0.3005272764		1026.2648828076		1.70E-03		1.66E+00

				LC220_SE		-1.379		-0.79		-0.210395317		0.0794959321		-0.1947988352		1026.4531422804		1.07E-03		1.85E+00

				LC221_SE		-1.619		-0.053		0.5626530929		-0.2125932873		0.5209439481		1027.7275898889		6.39E-04		3.12E+00

				LC222_SE		-1.201		0.435		0.8565404894		-0.3236359324		0.7930456438		1028.2120926508		2.13E-04		3.61E+00

				LC223_S		3.835		-2.707		-3.9553510905		1.4944929682		-3.6621432273		1020.2792081922		2.13E-04		-4.32E+00

				LC224_S		-4.789		1.335		3.0455167588		-1.1507204484		2.8197543825		1031.8208389286		1.07E-04		7.22E+00

				LC225_S		0.748		2.302		1.8487291777		-0.6985252871		1.7116839649		1029.8478149223		1.07E-04		5.24E+00

				LC226_N		1.007		1.643		1.1407196985		-0.4310104284		1.0561588144		1028.680590495		1.07E-04		4.08E+00

				LC227_N		0.289		1.366		1.1555432315		-0.4366113638		1.0698834875		1028.7050285714		4.26E-04		4.10E+00

				LC228_N		3.893		3.579		1.84275664		-0.6962686188		1.7061541679		1029.8379685966		5.33E-04		5.23E+00

				LC229_NE		-1.19		0.546		0.9551558756		-0.3608968476		0.8843507291		1028.3746699765		4.26E-04		3.77E+00

				LC230_NE		2.494		-0.745		-1.632108508		0.6166771628		-1.5111212588		1024.1093059137		1.60E-03		-4.94E-01

				LC231_NE		-1.014		0.125		0.4988643809		-0.1884913102		0.4618838561		1027.6224278184		1.28E-03		3.02E+00

				LC232_NE		2.72		-0.364		-1.364743833		0.5156558837		-1.2635761708		1024.5500833169		2.13E-04		-5.33E-02

				LC233_NE		0.916		3.514		2.9074070743		-1.0985369766		2.6918826882		1031.5931513027		1.07E-04		6.99E+00

				LC234_E		-0.27		3.42		3.2684944125		-1.2349705005		3.0262028331		1032.1884398884		2.13E-04		7.59E+00

				LC235_E		-0.314		0.856		0.9111872277		-0.344283699		0.8436414513		1028.3021832635		1.28E-03		3.70E+00

				LC236_E		-0.1		1.149		1.1016093806		-0.4162329551		1.0199477215		1028.6161132249		2.13E-04		4.01E+00

				LC237_SE		2.777		0.895		-0.2206096916		0.0833553395		-0.2042560242		1026.4363028624		1.07E-04		1.83E+00

				LC238_SE		-0.338		-0.15		-0.0111704018		0.0042206334		-0.0103423464		1026.7815844756		8.52E-04		2.18E+00

				LC239_SE		2.338		-1.023		-1.8305573678		0.6916592362		-1.6948592207		1023.7821431234		6.39E-04		-8.21E-01

				LC240_SE		-1.636		0.803		1.3616216068		-0.5144761793		1.2606853934		1029.044769381		2.13E-04		4.44E+00

				LC241_S		0.181		-0.021		-0.0878324647		0.0331866876		-0.0813214955		1026.6551993987		4.26E-04		2.05E+00

				LC242_S		-0.279		0.792		0.8387070827		-0.316897744		0.7765342171		1028.1826924965		4.26E-04		3.58E+00

				LC243_S		-2.088		2.101		2.7341856616		-1.0330868617		2.5315020775		1031.3075784816		2.13E-04		6.70E+00

				LC244_SLC		9.35		-0.469		-3.967044661		1.4989112761		-3.6729699603		1020.2599301718		1.07E-04		-4.34E+00

				LC245_N		1.447		-2.691		-3.0382533623		1.1479760409		-2.8130294173		1021.791135507		1.07E-04		-2.81E+00

				LC246_N		-0.474		-3.072		-2.6651779036		1.0070129161		-2.4676098242		1022.4061877082		8.52E-04		-2.20E+00

				LC247_N		2.061		-2.459		-3.0554456297		1.1544719808		-2.828947232		1021.7627923349		3.20E-04		-2.84E+00

				LC248_N		1.663		-1.754		-2.2523262342		0.8510207165		-2.0853626077		1023.0868149702		6.39E-04		-1.52E+00

				LC249_NE		0.245		-1.285		-1.2823146943		0.484510793		-1.1872574559		1024.6859759951		6.39E-04		8.26E-02

				LC250_NE		1.511		-2.616		-2.9929948787		1.1308755399		-2.7711259187		1021.8657486429		3.20E-03		-2.74E+00

				LC251_NE		0.667		-2.11		-2.2056067388		0.8333681856		-2.0421064011		1023.1638367305		3.09E-03		-1.44E+00

				LC252_NE		1.208		-2.989		-3.2238588485		1.2181053639		-2.9848760774		1021.4851463024		1.17E-03		-3.12E+00

				LC253_NE		3.098		-5.561		-6.3193170797		2.3876957375		-5.8508698002		1016.3819738624		2.13E-04		-8.22E+00

				LC254_E		0.11		-1.288		-1.2340837998		0.4662871939		-1.1426018894		1024.7654894477		3.20E-04		1.62E-01

				LC255_E		1.352		-2.717		-3.0264311227		1.1435091167		-2.8020835535		1021.8106256511		1.07E-03		-2.79E+00

				LC256_E		0.085		-1.603		-1.5162870143		0.5729150785		-1.4038855447		1024.3002492282		2.13E-04		-3.03E-01

				LC257_E		1.752		-1.196		-1.7693182779		0.6685206103		-1.6381597487		1023.883101887		2.13E-04		-7.20E-01

				LC258_E		0.758		-2.29		-2.4066469556		0.9093293793		-2.2282436242		1022.832401829		3.20E-04		-1.77E+00

				LC259_SE		0.238		-0.314		-0.3806494709		0.1438248956		-0.3524321482		1026.1724612823		6.39E-04		1.57E+00

				LC260_SE		5.134		2.392		0.2748478393		-0.1038487239		0.2544735297		1027.2531141479		3.20E-04		2.65E+00

				LC261_SE		2.826		-0.292		-1.3381322743		0.5056009514		-1.2389373114		1024.5939551326		1.07E-04		-9.42E-03

				LC262_SE		2.056		-3.898		-4.3858841973		1.657165936		-4.0607611667		1019.5694313124		1.07E-04		-5.03E+00

				LC263_S		1.232		-0.373		-0.8108495775		0.3063720424		-0.7507417725		1025.4632333865		4.26E-04		8.60E-01

				LC264_S		3.732		-1.194		-2.5155912947		0.9504929941		-2.3291119831		1022.6527961916		3.20E-04		-1.95E+00

				LC265_S		3.724		1.317		-0.1877075299		0.0709235608		-0.1737928805		1026.4905453662		1.07E-04		1.89E+00

				LC266_SLC		0.286		0.908		0.732628026		-0.2768167498		0.6783187389		1028.0078105636		2.13E-04		3.40E+00

				LC267_SLC		4.408		1.363		-0.4035605812		0.1524816475		-0.3736448713		1026.1346900258		1.07E-04		1.53E+00

				LC268_LC		7.285		-4.218		-6.6578922587		2.5156232496		-6.1643465992		1015.8237988223		1.07E-04		-8.78E+00

				LC269_N		-0.546		-0.879		-0.6075391744		0.2295530797		-0.5625026507		1025.798410917		5.33E-04		1.20E+00

				LC270_N		-0.848		-2.11		-1.6331779467		0.6170812404		-1.5121114206		1024.107542837		9.59E-03		-4.96E-01

				LC271_N		0.512		-3.761		-3.6756537523		1.3888119058		-3.4031796892		1020.7403172239		1.41E-02		-3.86E+00

				LC272_N		-0.309		-3.126		-2.777518645		1.0494598302		-2.5716228122		1022.2209827619		9.06E-03		-2.38E+00

				LC273_N		0.04		-3.4		-3.1630736198		1.1951382253		-2.9285968222		1021.5853568303		2.66E-03		-3.02E+00

				LC274_N		-1.946		-3.931		-2.9043190977		1.0973702131		-2.6890236215		1022.0119395355		6.39E-04		-2.59E+00

				LC275_NE		-0.954		-1.604		-1.1246363074		0.4249334673		-1.0412676756		1024.9459245836		2.34E-03		3.43E-01

				LC276_NE		-1.146		-2.033		-1.4492893572		0.5476006311		-1.3418543847		1024.4107015657		1.25E-02		-1.93E-01

				LC277_NE		0.266		-3.659		-3.4882661191		1.3180092151		-3.2296829917		1021.049244476		1.17E-02		-3.55E+00

				LC279_NE		3.648		-4.759		-5.7845813034		2.1856507511		-5.3557736743		1017.2635392632		1.28E-03		-7.34E+00

				LC280_NE		-0.288		-2.933		-2.6067602786		0.9849403547		-2.4135226636		1022.5024950046		3.20E-04		-2.10E+00

				LC281_NE		3.069		-7.058		-7.6943879623		2.9072536018		-7.1240074824		1014.1150320053		2.13E-04		-1.05E+01

				LC282_E		-1.726		-1.366		-0.6125860208		0.2314599841		-0.5671753773		1025.7900906861		4.26E-04		1.19E+00

				LC283_E		-0.054		-2.733		-2.5100009058		0.9483807172		-2.3239360065		1022.6620125067		1.49E-03		-1.94E+00

				LC284_E		-0.744		-1.899		-1.4771146952		0.5581141786		-1.3676170466		1024.3648287136		1.07E-03		-2.39E-01

				LC285_E		-2.132		-2.216		-1.2461726584		0.4708548578		-1.153794608		1024.7455597553		2.13E-04		1.42E-01

				LC286_E		0.294		-3.682		-3.5201406846		1.330052726		-3.2591947143		1020.9966960674		1.07E-04		-3.61E+00

				LC287_SE		-0.422		-1.933		-1.6302590284		0.615978354		-1.50940888		1024.1123549658		3.20E-04		-4.91E-01

				LC288_SE		-0.907		-1.705		-1.2359077535		0.466976358		-1.1442906345		1024.7624824777		9.59E-04		1.59E-01

				LC289_SE		-2.336		-4.687		-3.456919353		1.3061651283		-3.200659943		1021.1009227547		3.20E-04		-3.50E+00

				LC290_SE		-1.782		-0.719		0.0076113316		-0.0028758715		0.0070471081		1026.8125480413		1.07E-04		2.21E+00

				LC291_S		0.207		-2.833		-2.7012044096		1.0206251995		-2.5009657064		1022.3467944103		2.77E-03		-2.26E+00

				LC292_S		-0.944		-1.919		-1.4200639495		0.53655808		-1.3147954394		1024.4588825729		1.04E-02		-1.44E-01

				LC293_S		-0.879		-2.169		-1.6760912468		0.6332956355		-1.5518435829		1024.0367959705		5.33E-03		-5.67E-01

				LC294_S		0.715		-3.718		-3.7125429969		1.402750167		-3.4373343557		1020.6795016153		7.46E-04		-3.92E+00

				LC295_S		1.38		-2.818		-3.1305235938		1.1828394978		-2.8984597106		1021.6390188032		4.26E-04		-2.96E+00

				LC296_SLC		-0.684		-1.605		-1.2275791904		0.4638294872		-1.1365794629		1024.7762129467		7.46E-04		1.73E-01

				LC297_SLC		-0.876		-0.994		-0.589326832		0.2226717139		-0.5456403786		1025.8284357847		3.20E-03		1.23E+00

				LC298_SLC		-0.917		-1.83		-1.3478631687		0.5092776802		-1.2479468602		1024.5779127801		5.01E-03		-2.55E-02

				LC299_SLC		-1.286		-1.541		-0.9408633193		0.3554965369		-0.8711176717		1025.2488927317		7.46E-04		6.46E-01

				LC300_SLC		12.182		-2.157		-6.5999593165		2.4937338211		-6.1107081921		1015.9193070709		1.07E-04		-8.68E+00

				LC301_LC		-1.957		-2.236		-1.3308122078		0.5028351317		-1.2321598771		1024.6060229942		5.33E-04		2.65E-03

				LC302_LC		-1.57		-1.709		-0.9891027941		0.373723378		-0.9157811824		1025.1693651336		2.13E-04		5.66E-01

				LC303_NLC		-0.676		-6.006		-5.3053583605		2.0045807773		-4.9120752478		1018.0535862069		1.07E-04		-6.55E+00

				LC304_N		-1.056		-5.189		-4.4053425937		1.6645181118		-4.0787771235		1019.5373522		2.13E-04		-5.07E+00

				LC305_N		-2.226		1.189		1.9419337168		-0.7337417635		1.797979306		1030.0014719255		6.39E-04		5.40E+00

				LC306_N		-2.545		-0.236		0.7430993444		-0.280773241		0.6880138246		1028.0250735792		4.26E-04		3.42E+00

				LC307_N		-2.442		-3.117		-1.9632514114		0.741796458		-1.8177167324		1023.5633837231		1.07E-04		-1.04E+00

				LC308_NE		-2.576		1.368		2.2399088269		-0.8463289135		2.0738656955		1030.492713692		2.13E-04		5.89E+00

				LC309_NE		0.203		-1.891		-1.8275229556		0.6905127115		-1.6920497477		1023.7871456554		9.59E-04		-8.16E-01

				LC310_NE		-2.485		2.646		3.3887879227		-1.2804222951		3.1375790557		1032.3867557693		3.20E-04		7.78E+00

				LC311_E		-1.694		0.185		0.8113483511		-0.3065604993		0.7512035723		1028.1375888916		6.39E-04		3.53E+00

				LC312_E		-2.016		0.172		0.9209767668		-0.3479825862		0.8527052977		1028.3183222978		3.20E-04		3.71E+00

				LC313_SE		1.735		-2.419		-2.8952347098		1.0939377608		-2.6806126539		1022.0269160574		2.13E-04		-2.58E+00

				LC314_S		4.687		-6.389		-7.6863269342		2.9042078166		-7.1165440136		1014.1283214163		3.20E-04		-1.05E+01

				LC315_S		-0.804		-0.85		-0.4832060045		0.1825749369		-0.447386226		1026.003386581		1.38E-03		1.40E+00

				LC316_S		-1.209		0.001		0.4577353818		-0.1729510968		0.4238037257		1027.5546225505		5.33E-04		2.95E+00

				LC317_S		1.05		-3.165		-3.3271132271		1.2571190796		-3.0804762693		1021.3149211338		3.20E-04		-3.29E+00

				LC318_SLC		-1.67		0.534		1.1254090063		-0.4252254244		1.0419830948		1028.6553492877		1.07E-04		4.05E+00

				LC319_SLC		-0.862		-0.192		0.147931606		-0.0558945944		0.1369655225		1027.0438800456		9.59E-04		2.44E+00

				LC320_SLC		2.726		-2.489		-3.3344858705		1.2599047649		-3.0873023829		1021.302766594		4.26E-04		-3.30E+00

				LC321_SLC		-1.146		-1.005		-0.497494396		0.187973674		-0.4606154274		1025.9798307387		1.07E-04		1.38E+00

				LC322_LC		7.982		-5.152		-7.7860104133		2.9418723007		-7.2088380147		1013.9639832326		1.07E-04		-1.06E+01

				LC323_N		-0.312		-0.573		-0.4126375196		0.1559112851		-0.3820489416		1026.1197257852		3.20E-04		1.52E+00

				LC324_N		-0.38		0.045		0.1852436753		-0.069992616		0.17151167		1027.1053927231		6.39E-04		2.50E+00

				LC325_N		0.087		-0.123		-0.1467542304		0.0554497339		-0.1358754251		1026.5580609758		9.59E-04		1.95E+00

				LC326_N		0.162		0.864		0.7387419778		-0.2791268502		0.683979467		1028.0178900246		3.20E-04		3.41E+00

				LC327_N		2.612		2.112		0.9685185399		-0.3659458072		0.896722827		1028.396699665		2.13E-04		3.79E+00

				LC329_NE		0.069		-0.064		-0.0853267317		0.0322399194		-0.079001511		1026.6593303501		2.02E-03		2.06E+00

				LC330_NE		1.425		0.856		0.2541220994		-0.096017694		0.2352841768		1027.218945693		6.39E-04		2.62E+00

				LC331_NE		2.617		2.856		1.6554770511		-0.6255067516		1.5327575055		1029.5292194665		3.20E-04		4.93E+00

				LC332_NE		4.122		-0.316		-1.8500348281		0.6990186151		-1.7128928282		1023.7500325824		2.13E-04		-8.53E-01

				LC333_E		0.33		1.038		0.8363662074		-0.3160132659		0.7743668695		1028.1788333295		4.26E-04		3.58E+00

				LC334_E		0.866		0.324		-0.0272280519		0.0102878686		-0.0252096523		1026.7551118336		1.07E-04		2.15E+00

				LC335_SE		13.618		-6.481		-11.146003095		4.2114145793		-10.3197564039		1008.4246992975		1.07E-04		-1.62E+01

				LC336_SE		0.637		0.417		0.1454034527		-0.054939355		0.1346247797		1027.0397121321		1.07E-04		2.44E+00

				LC337_SE		7.443		-4.07		-6.5805622565		2.4864048207		-6.0927490248		1015.951285064		1.07E-04		-8.65E+00

				LC338_SE		-0.437		0.078		0.2373343295		-0.0896745898		0.2197408744		1027.1912693755		2.13E-04		2.59E+00

				LC339_S		-0.023		0.253		0.2429355961		-0.0917909768		0.2249269224		1027.2005036237		5.33E-04		2.60E+00

				LC340_S		0.116		-0.222		-0.2493728011		0.0942232154		-0.2308869412		1026.3888840001		2.02E-03		1.79E+00

				LC341_S		2.531		-0.932		-1.8192264165		0.6873779406		-1.6843682261		1023.8008233298		9.59E-04		-8.03E-01

				LC342_S		-0.18		0.41		0.4476182814		-0.1691284436		0.4144366		1027.5379434987		4.26E-04		2.93E+00

				LC343_SLC		0.272		0.156		0.0416631172		-0.015742025		0.0385746547		1026.868685815		2.13E-04		2.27E+00

				LC344_SLC		1.682		-1.369		-1.903045034		0.719048033		-1.7619734186		1023.6626399569		6.39E-04		-9.41E-01

				LC345_SLC		0.259		0.347		0.2234163291		-0.0844158016		0.2068546073		1027.1683241602		2.13E-04		2.56E+00

				LC346_SLC		-0.173		1.736		1.6726777913		-0.6320058928		1.5486831649		1029.5575766068		3.20E-04		4.95E+00

				LC347_NLC		-0.343		1.866		1.8572739011		-0.7017538321		1.719595273		1029.8619017534		1.07E-04		5.26E+00

				LC348_N		4.06		-2.789		-4.1162866555		1.5553009887		-3.811148733		1020.0138898197		2.13E-04		-4.59E+00

				LC349_N		0.653		-1.798		-1.9114453453		0.7222220132		-1.7697510197		1023.6487912038		2.98E-03		-9.55E-01

				LC350_N		0.82		-2.144		-2.294895979		0.8671053024		-2.1247766822		1023.016634489		3.94E-03		-1.59E+00

				LC351_N		1.058		-2.898		-3.0829285072		1.1648561329		-2.8543928199		1021.717484063		3.94E-03		-2.89E+00

				LC352_N		1.586		-3.865		-4.1777452982		1.5785225706		-3.8680514824		1019.9125691014		1.92E-03		-4.69E+00

				LC353_N		4.67		-5.453		-6.8132887734		2.574338391		-6.3082236611		1015.5676121282		6.39E-04		-9.04E+00

				LC354_N		3.301		-4.321		-5.2479392343		1.9828854894		-4.8589125679		1018.1482473784		1.07E-04		-6.46E+00

				LC355_NE		0.492		-0.978		-1.0913990991		0.4123750943		-1.0104943221		1025.0007194453		4.26E-04		3.97E-01

				LC356_NE		0.532		-1.443		-1.5370425525		0.5807573674		-1.4231024869		1024.266031648		2.98E-03		-3.37E-01

				LC357_NE		4.284		-3.148		-4.5333105317		1.7128696182		-4.1972588731		1019.3263842574		2.34E-03		-5.28E+00

				LC358_NE		1.19		-2.864		-3.1013238912		1.1718066592		-2.8714245648		1021.687157433		1.60E-03		-2.92E+00

				LC359_NE		1.49		-4.102		-4.3609039113		1.6477273651		-4.0376326546		1019.6106138119		5.33E-04		-4.99E+00

				LC360_E		2.226		-1.604		-2.3261700095		0.8789219067		-2.1537323871		1022.9650761223		1.07E-04		-1.64E+00

				LC361_SE		0.696		-1.945		-2.0637954751		0.7797861061		-1.9108075234		1023.3976267798		6.39E-04		-1.21E+00

				LC362_SE		0.519		-1.479		-1.5654619633		0.5914953799		-1.4494151835		1024.2191794073		5.33E-04		-3.84E-01

				LC363_SE		2.352		-2.068		-2.8033819		1.0592320228		-2.5955688392		1022.1783445997		1.07E-04		-2.43E+00

				LC364_S		1.001		-2.4		-2.6003080311		0.9825024325		-2.4075487175		1022.5131321799		5.33E-04		-2.09E+00

				LC365_S		0.374		-1.707		-1.7217735425		0.65055627		-1.5941394767		1023.9614841378		2.56E-03		-6.42E-01

				LC366_S		3.085		-2.751		-3.7127088061		1.4028128165		-3.4374878736		1020.6792282622		2.13E-03		-3.92E+00

				LC367_S		3.935		-2.606		-3.8996222401		1.4734363355		-3.610545524		1020.3710827749		4.26E-04		-4.23E+00

				LC368_S		3.231		-1.339		-2.4605442953		0.9296939925		-2.2781455856		1022.7435466748		1.07E-04		-1.86E+00

				LC369_SLC		3.439		-2.485		-3.6001828691		1.360295928		-3.3333034185		1020.864738522		3.20E-04		-3.74E+00

				LC370_SLC		3.014		-2.746		-3.6812527574		1.3909274383		-3.4083636433		1020.7310867042		1.07E-03		-3.87E+00

				LC371_LC		2.339		-0.794		-1.6189108447		0.6116905474		-1.4989019305		1024.1310635814		3.20E-04		-4.72E-01

				LC372_NLC		1.434		-2.94		-3.2638832076		1.2332281993		-3.0219334542		1021.4191621439		1.07E-04		-3.18E+00

				LC373_N		-0.672		-1.507		-1.1413779626		0.4312591474		-1.0567682817		1024.9183242909		5.33E-04		3.15E-01

				LC374_N		-0.947		-1.476		-1.0087697581		0.3811543591		-0.9339902458		1025.1369421769		4.26E-04		5.34E-01

				LC375_N		-0.551		-2.201		-1.8296508836		0.6913167295		-1.6940199336		1023.7836375532		3.20E-04		-8.20E-01

				LC376_NE		-0.392		-1.998		-1.70177584		0.6430003224		-1.5756241922		1023.9944523502		1.17E-03		-6.09E-01

				LC377_NE		0.493		-4.251		-4.1221513639		1.5575169147		-3.816578694		1020.0042212614		9.59E-04		-4.60E+00

				LC378_NE		3.771		-6.26		-7.220787468		2.7283080184		-6.6855147158		1014.8958097803		4.26E-04		-9.71E+00

				LC379_E		-0.862		-1.86		-1.3964205295		0.5276246316		-1.2929046923		1024.4978611151		1.70E-03		-1.06E-01

				LC380_E		-0.941		-2.005		-1.5008223421		0.5670718946		-1.3895672596		1024.3257442867		6.82E-03		-2.78E-01

				LC381_E		-1.062		-2.512		-1.9245199934		0.7271621486		-1.7818564518		1023.6272363388		3.52E-03		-9.76E-01

				LC382_E		0.697		-2.237		-2.3345275266		0.8820797175		-2.1614703663		1022.9512979196		8.52E-04		-1.65E+00

				LC383_SE		0.113		-2.724		-2.5647674819		0.9690737634		-2.3746427684		1022.5717243293		2.98E-03		-2.03E+00

				LC384_SE		-1.298		-1.773		-1.1511312056		0.4349443204		-1.0657985225		1024.9022450945		1.09E-02		2.99E-01

				LC385_SE		-1.453		-2.079		-1.3758822826		0.5198644442		-1.2738889336		1024.5317204689		5.11E-03		-7.17E-02

				LC386_SE		-1.613		-2.033		-1.2728377098		0.4809300018		-1.1784829947		1024.7015997517		9.59E-04		9.82E-02

				LC387_S		0.37		-2.674		-2.6155790349		0.9882724405		-2.4216876907		1022.4879564031		5.01E-03		-2.12E+00

				LC388_S		-0.93		-1.628		-1.1559253803		0.4367557552		-1.0702373079		1024.894341418		1.64E-02		2.91E-01

				LC389_S		-1.475		-1.854		-1.1592489037		0.4380115179		-1.0733144604		1024.8888622574		7.67E-03		2.85E-01

				LC390_S		-0.131		-3.416		-3.1132767746		1.1763229461		-2.882491388		1021.6674519093		2.13E-03		-2.94E+00

				LC391_S		0.042		-3.471		-3.2295661129		1.2202618012		-2.9901602657		1021.4757373062		5.33E-04		-3.13E+00

				LC392_SLC		-1.976		-2.127		-1.2227133391		0.4619909701		-1.1320743144		1024.7842347891		4.26E-04		1.81E-01

				LC393_SLC		-0.875		-1.527		-1.0831936945		0.4092747578		-1.0028971794		1025.0142468752		2.13E-03		4.11E-01

				LC394_SLC		-1.215		-1.777		-1.1861954732		0.4481930309		-1.0982634965		1024.8444381428		2.45E-03		2.41E-01

				LC395_SLC		-0.861		-1.149		-0.7385043845		0.2790370777		-0.6837594864		1025.5825016717		3.20E-04		9.79E-01

				LC396_LC		0.925		-2.347		-2.5225209904		0.9531113158		-2.3355279845		1022.6413718953		3.20E-04		-1.96E+00

				LC397_E		-0.454		0.241		0.3946745282		-0.1491241343		0.3654175362		1027.4506604271		1.07E-04		2.85E+00

				LC398_E		6.777		-9.064		-10.952717993		4.1383835843		-10.1407994134		1008.7433491168		1.07E-04		-1.59E+01

				LC399_E		-0.303		-2.016		-1.7520693406		0.6620032582		-1.622189465		1023.9115384851		1.07E-04		-6.92E-01

				LC400_SE		0.511		-2.133		-2.1679585995		0.819143183		-2.0072490963		1023.2259034529		6.39E-04		-1.38E+00

				LC401_SE		0.249		-2.089		-2.0282260076		0.7663465106		-1.8778747998		1023.4562666039		1.81E-03		-1.15E+00

				LC402_SE		-1.291		-0.772		-0.2269796357		0.0857621641		-0.210153768		1026.4258013726		7.46E-04		1.82E+00

				LC403_SE		-0.511		-2.806		-2.4049162189		0.9086754364		-2.226641186		1022.8352551215		5.33E-04		-1.77E+00

				LC404_SE		4.724		4.502		2.3833494959		-0.9005266488		2.2066731916		1030.7291899789		3.20E-04		6.13E+00

				LC405_S		-1.01		-0.772		-0.3331528968		0.1258787527		-0.3084564674		1026.2507641344		1.28E-03		1.65E+00

				LC406_S		1.426		-1.386		-1.8220575925		0.6884476744		-1.6869895288		1023.7961558529		4.47E-03		-8.07E-01

				LC407_S		-1.44		-0.603		-0.0142092296		0.0053688265		-0.0131559077		1026.7765746641		3.20E-03		2.17E+00

				LC408_S		-1.627		-0.434		0.2129191263		-0.0804495302		0.197135556		1027.1510184717		3.52E-03		2.55E+00

				LC409_S		-1.658		-0.495		0.1681540851		-0.0635354718		0.1556889211		1027.0772188246		1.70E-03		2.47E+00

				LC410_S		-0.81		-2.392		-1.9086314015		0.7211587905		-1.7671456719		1023.6534302714		3.20E-04		-9.50E-01

				LC411_S		-5.799		2.256		4.2798627621		-1.6171067135		3.9625990384		1033.8557817496		3.20E-04		9.25E+00

				LC412_SLC		-0.854		-0.9		-0.5106074944		0.1929283374		-0.4727564594		1025.9582124848		7.46E-04		1.35E+00

				LC413_SLC		-1.409		0.146		0.667554774		-0.2522294211		0.618069329		1027.9005308004		1.92E-03		3.30E+00

				LC414_SLC		-1.517		1.221		1.7036724577		-0.6437169419		1.5773802147		1029.6086744137		8.52E-04		5.01E+00

				LC415_SLC		-0.291		-1.502		-1.2807059494		0.4839029436		-1.1857679664		1024.6886281718		4.26E-04		8.53E-02

				LC416_SLC		-0.823		0.955		1.195169376		-0.4515837374		1.1065721691		1028.7703562333		1.07E-04		4.17E+00

				LC417_LC		2.474		-4.547		-5.1447116557		1.9438819		-4.7633371894		1018.3184283644		1.07E-04		-6.28E+00

				LC418_LC		0.178		0.715		0.5947418081		-0.2247177127		0.5506539457		1027.7804913448		1.07E-04		3.18E+00

				LC419_NLC		7.199		-4.198		-6.6068805393		2.4963489414		-6.1171163487		1015.9078967428		1.07E-04		-8.70E+00

				LC420_N		-0.084		-0.733		-0.6469245126		0.2444344668		-0.5989683768		1025.7334802486		2.13E-04		1.13E+00

				LC421_N		-0.542		0.972		1.1047359149		-0.4174142873		1.0228424876		1028.6212676293		1.07E-04		4.02E+00

				LC422_NE		3.201		-1.999		-3.0602836576		1.1562999851		-2.8334266198		1021.754816362		2.13E-04		-2.85E+00

				LC423_NE		0.226		1.007		0.8469596611		-0.3200159047		0.7841750367		1028.1962976973		3.20E-04		3.59E+00

				LC424_E		-0.407		-0.123		0.0398991183		-0.0150755143		0.03694142		1026.8657776864		1.07E-04		2.26E+00

				LC425_E		0.079		1.076		0.9663873271		-0.365140548		0.8947495997		1028.3931861475		5.33E-04		3.79E+00

				LC426_E		-0.408		0.378		0.5041381221		-0.1904839447		0.4667666579		1027.6311221081		3.20E-04		3.03E+00

				LC427_SE		-0.93		2.491		2.6577355585		-1.0042008946		2.4607191758		1031.1815428417		1.07E-04		6.58E+00

				LC428_SE		-1.081		-0.012		0.3973354435		-0.1501295366		0.3678811995		1027.4550472122		1.07E-03		2.85E+00

				LC429_SE		0.28		0.38		0.2460354019		-0.0929622098		0.2277969415		1027.2056139636		1.07E-04		2.60E+00

				LC430_SE		-0.128		0.811		0.799244665		-0.3019872331		0.7399971254		1028.1176347547		1.07E-04		3.51E+00

				LC431_S		2.205		-1.071		-1.8247463313		0.6894635895		-1.6894789529		1023.7917231983		4.26E-04		-8.12E-01

				LC432_S		-0.351		0.432		0.5325982088		-0.2012373263		0.4931170151		1027.678041407		2.02E-03		3.07E+00

				LC433_S		0.114		3.878		3.5474522782		-1.34037216		3.2844817154		1032.6483298258		8.52E-04		8.04E+00

				LC434_S		-0.644		1.023		1.190495075		-0.4498175958		1.1022443713		1028.7626501806		8.52E-04		4.16E+00

				LC435_S		0.214		1.065		0.9051942444		-0.3420193055		0.8380927245		1028.2923032314		2.13E-04		3.69E+00

				LC436_S		-0.956		-0.003		0.3584381804		-0.1354325641		0.3318673677		1027.3909211843		1.07E-04		2.79E+00

				LC437_S		0.869		0.94		0.541974706		-0.2047801493		0.501798438		1027.6934995003		1.07E-04		3.09E+00

				LC438_S		-0.7		0.15		0.4033691385		-0.1524093127		0.3734676202		1027.4649943617		1.07E-04		2.86E+00

				LC439_SLC		-0.175		1.683		1.6243623319		-0.6137503416		1.5039493022		1029.4779237404		9.59E-04		4.87E+00

				LC440_SLC		-0.748		3.135		3.1852291919		-1.2035095041		2.9491100147		1032.0511688458		1.60E-03		7.45E+00

				LC441_SLC		0.602		1.354		1.0261686182		-0.3877283581		0.9500993386		1028.4917415839		7.46E-04		3.89E+00

				LC442_SLC		0.606		0.63		0.3543269516		-0.1338791742		0.3280609019		1027.3841434124		3.20E-04		2.78E+00

				LC443_SLC		1.374		0.631		0.0650710979		-0.0245865148		0.0602474155		1026.907276212		1.07E-04		2.30E+00

				LC444_SLC		2.22		2.363		1.3490256452		-0.5097169112		1.249023163		1029.0240036786		1.07E-04		4.42E+00

				LC445_SLC		0.432		4.136		3.6661735189		-1.385229887		3.3944022199		1032.8440536632		1.07E-04		8.24E+00

				LC446_LC		0.179		1.907		1.6980017044		-0.6415743		1.5721298311		1029.5993256099		1.07E-04		5.00E+00

				LC447_LC		-0.477		1.284		1.3690478862		-0.5172821305		1.267561167		1029.0570123452		4.26E-04		4.45E+00

				LC448_LC		-0.517		1.064		1.180469989		-0.4460297095		1.0929624391		1028.7461228239		1.07E-04		4.14E+00

				LC449_N		7.368		-4.414		-6.8707236786		2.5960396407		-6.3614009504		1015.4729249434		2.13E-04		-9.13E+00

				LC450_N		1.697		-2.303		-2.773475772		1.0479322679		-2.567879635		1022.2276478422		1.07E-04		-2.38E+00

				LC451_NE		1.883		-2.102		-2.6576541708		1.004170143		-2.4606438214		1022.4185913339		4.26E-04		-2.18E+00

				LC452_NE		2.398		-4.214		-4.8076808512		1.8165379156		-4.4512902813		1018.8740573487		4.26E-04		-5.73E+00

				LC453_NE		12.073		-8.304		-12.2501011555		4.6285878592		-11.3420083208		1006.604483235		1.07E-04		-1.80E+01

				LC454_E		6.1		-3.825		-5.8462837865		2.2089644659		-5.4129021884		1017.1618165496		2.13E-04		-7.44E+00

				LC455_E		0.557		-1.844		-1.9177626766		0.7246089587		-1.775600051		1023.6383764513		6.39E-04		-9.65E-01

				LC456_E		0.562		-1.273		-1.3909797767		0.5255688933		-1.2878672593		1024.5068307402		1.07E-04		-9.65E-02

				LC457_E		0.477		-2.133		-2.1551120127		0.8142892186		-1.9953548195		1023.2470823358		3.20E-04		-1.36E+00

				LC458_SE		1.468		-2.489		-2.8591621606		1.0803080804		-2.6472141417		1022.086385262		3.20E-04		-2.52E+00

				LC459_SE		1.683		-2.678		-3.1153874703		1.177120453		-2.8844456191		1021.6639722164		2.34E-03		-2.94E+00

				LC460_SE		-0.882		-2.953		-2.400840263		0.907135374		-2.2228673783		1022.8419747425		2.13E-04		-1.76E+00

				LC461_SE		1.305		-1.515		-1.8957761628		0.716301557		-1.7552433845		1023.674623418		1.07E-04		-9.29E-01

				LC462_S		3.297		-5.337		-6.1871123853		2.3377434118		-5.7284653624		1016.5999265216		1.07E-04		-8.00E+00

				LC463_S		-0.01		-1.281		-1.1822618113		0.446706733		-1.0946214346		1024.8509231779		6.39E-04		2.48E-01

				LC464_S		0.224		-1.485		-1.4595541547		0.5514790902		-1.3513582588		1024.3937790206		1.92E-03		-2.10E-01

				LC465_S		0.285		-0.875		-0.917821386		0.3467903546		-0.8497838234		1025.2868796631		8.52E-04		6.84E-01

				LC466_S		0.35		-4.461		-4.2625529542		1.6105663621		-3.9465723965		1019.7727551997		1.07E-04		-4.83E+00

				LC467_SLC		2.538		-1.552		-2.3959110646		0.9052729218		-2.2183035785		1022.8501010189		1.07E-04		-1.75E+00

				LC468_SLC		1.439		-2.112		-2.4991515674		0.9442813946		-2.3138909232		1022.6798987261		2.13E-04		-1.92E+00

				LC469_SLC		1.005		3.065		2.4580633517		-0.9287565909		2.2758485529		1030.8523632416		3.20E-04		6.25E+00

				LC470_SLC		1.214		-1.99		-2.301181179		0.8694801073		-2.1305959639		1023.0062727084		2.13E-04		-1.60E+00

				LC471_LC		0.263		-1.504		-1.4918814865		0.5636936747		-1.3812891844		1024.3404841814		1.07E-04		-2.63E-01



































































































































































































































































































































































































































































































































































































FPU Positions

Global	-0.97399999999999998	-0.61599999999999999	-0.624	0.748	-0.29899999999999999	1.7999999999999999E-2	0.255	-1.173	-1.002	-1.024	0.53700000000000003	-0.27200000000000002	-0.88300000000000001	-1.0640000000000001	-4.3999999999999997E-2	-1.27	-1.2849999999999999	0.47499999999999998	3.8340000000000001	-0.84299999999999997	-0.96	-1.2010000000000001	-1.4390000000000001	-1.4510000000000001	1.7999999999999999E-2	-0.74099999999999999	-0.91200000000000003	-0.96	-0.92900000000000005	-1.3260000000000001	-1.1200000000000001	-0.59399999999999997	-1.5409999999999999	2.923	-0.94199999999999995	-1.0269999999999999	-0.88700000000000001	-0.11899999999999999	-0.63	-2.8370000000000002	-2.0790000000000002	-4.1319999999999997	-5.5890000000000004	-1.6659999999999999	-0.184	-0.26800000000000002	-0.73499999999999999	-1.8220000000000001	-2.919	-0.29799999999999999	-0.76300000000000001	-0.62	-2.4079999999999999	-1.002	-1.1419999999999999	-1.837	-2.7669999999999999	-1.6830000000000001	0.309	0.83	-0.91100000000000003	-1.171	-1.413	-1.5	-1.5069999999999999	-1.9259999999999999	-3.7290000000000001	2.9590000000000001	-0.92500000000000004	-1.6659999999999999	-1.6639999999999999	-1.3420000000000001	-1.8009999999999999	-0.252	-1.8029999999999999	-0.83299999999999996	0.38300000000000001	2.5249999999999999	-1.323	-1.984	-1.093	-1.21	-2.4740000000000002	-1.6319999999999999	-0.59	3.0379999999999998	3.64	0.20599999999999999	6.2149999999999999	3.2970000000000002	4.25	5.6769999999999996	0.68400000000000005	3.2000000000000001E-2	2.4260000000000002	2.2240000000000002	1.0880000000000001	-0.128	-0.57299999999999995	-0.184	7.4450000000000003	1.8220000000000001	1.8839999999999999	-0.371	-0.36	-0.67600000000000005	-1.4850000000000001	-1.6160000000000001	-5.2999999999999999E-2	0.78400000000000003	0.318	-0.20699999999999999	-0.23100000000000001	3.6459999999999999	-0.17399999999999999	2.1960000000000002	2.121	3.1160000000000001	1.9870000000000001	0.22600000000000001	3.589	-2.4609999999999999	0.155	3.3849999999999998	2.6	2.8610000000000002	-0.14000000000000001	1.2509999999999999	-1.0999999999999999E-2	0.60099999999999998	0.51500000000000001	-0.35199999999999998	-0.38600000000000001	-0.68100000000000005	-0.41899999999999998	0.91	0.80700000000000005	1.526	0.499	1.5589999999999999	1.8460000000000001	2.335	5.3789999999999996	2.2200000000000002	1.091	0.249	0.90100000000000002	8.4740000000000002	-0.16500000000000001	0.17699999999999999	4.0060000000000002	1.7190000000000001	-0.23	1.62	1.4	1.2909999999999999	4.2629999999999999	0.42399999999999999	0.747	1.117	3.6520000000000001	2.39	2.653	5.7380000000000004	3.7850000000000001	1.823	0.879	0.58499999999999996	3.0960000000000001	3.9830000000000001	1.8220000000000001	-0.14399999999999999	-0.84599999999999	997	-1.0009999999999999	-0.69199999999999995	-0.872	5.6559999999999997	3.5999999999999997E-2	-1.0999999999999999E-2	0.15	-0.874	-1.0940000000000001	-4.4459999999999997	-1.3220000000000001	0.36799999999999999	0.13100000000000001	6.8000000000000005E-2	-1.4490000000000001	5.5E-2	0.64500000000000002	0.33800000000000002	-1.218	-0.106	-2.1320000000000001	2.613	-0.78200000000000003	-0.877	-0.46600000000000003	-0.56499999999999995	2.2869999999999999	-0.79900000000000004	-2.1520000000000001	-1.0609999999999999	2.4359999999999999	-3.4750000000000001	4.8710000000000004	-2.0590000000000002	-0.75	2.67	-2.1150000000000002	-1.1830000000000001	-1.9339999999999999	-1.2969999999999999	-1.823	-2.706	-3.7290000000000001	2.72	-0.94199999999999995	-1.379	-1.619	-1.2010000000000001	3.835	-4.7889999999999997	0.748	1.0069999999999999	0.28899999999999998	3.8929999999999998	-1.19	2.4940000000000002	-1.014	2.72	0.91600000000000004	-0.27	-0.314	-0.1	2.7770000000000001	-0.33800000000000002	2.3380000000000001	-1.6359999999999999	0.18099999999999999	-0.27900000000000003	-2.0880000000000001	9.35	1.4470000000000001	-0.47399999999999998	2.0609999999999999	1.663	0.245	1.5109999999999999	0.66700000000000004	1.208	3.0979999999999999	0.11	1.3520000000000001	8.5000000000000006E-2	1.752	0.75800000000000001	0.23	799999999999999	5.1340000000000003	2.8260000000000001	2.056	1.232	3.7320000000000002	3.7240000000000002	0.28599999999999998	4.4080000000000004	7.2850000000000001	-0.54600000000000004	-0.84799999999999998	0.51200000000000001	-0.309	0.04	-1.946	-0.95399999999999996	-1.1459999999999999	0.26600000000000001	3.6480000000000001	-0.28799999999999998	3.069	-1.726	-5.3999999999999999E-2	-0.74399999999999999	-2.1320000000000001	0.29399999999999998	-0.42199999999999999	-0.90700000000000003	-2.3359999999999999	-1.782	0.20699999999999999	-0.94399999999999995	-0.879	0.71499999999999997	1.38	-0.68400000000000005	-0.876	-0.91700000000000004	-1.286	12.182	-1.9570000000000001	-1.57	-0.67600000000000005	-1.056	-2.226	-2.5449999999999999	-2.4420000000000002	-2.5760000000000001	0.20300000000000001	-2.4849999999999999	-1.694	-2.016	1.7350000000000001	4.6870000000000003	-0.80400000000000005	-1.2090000000000001	1.05	-1.67	-0.86199999999999999	2.726	-1.1459999999999999	7.9820000000000002	-0.312	-0.38	8.6999999999999994E-2	0.16200000000000001	2.6120000000000001	6.9000000000000006E-2	1.425	2.617	4.1219999999999999	0.33	0.86599999999999999	13.618	0.63700000000000001	7.4429999999999996	-0.437	-2.3E-2	0.11600000000000001	2.5310000000000001	-0.18	0.27200000000000002	1.6819999999999999	0.25900000000000001	-0.17299999999999999	-0.34300000000000003	4.0599999999999996	0.65300000000000002	0.82	1.0580000000000001	1.5860000000000001	4.67	3.3010000000000002	0.49199999999999999	0.53200000000000003	4.2839999999999998	1.19	1.49	2.226	0.69599999999999995	0.51900000000000002	2.3519999999999999	1.0009999999999999	0.374	3.085	3.9350000000000001	3.2309999999999999	3.4390000000000001	3.0139999999999998	2.339	1.4339999999999999	-0.67200000000000004	-0.94699999999999995	-0.55100000000000005	-0.39200000000000002	0.49299999999999999	3.7709999999999999	-0.86199999999999999	-0.94099999999999995	-1.0620000000000001	0.69699999999999995	0.113	-1.298	-1.4530000000000001	-1.613	0.37	-0.93	-1.4750000000000001	-0.13100000000000001	4.2000000000000003E-2	-1.976	-0.875	-1.2150000000000001	-0.86099999999999999	0.92500000000000004	-0.45400000000000001	6.7770000000000001	-0.30299999999999999	0.51100000000000001	0.249	-1.2909999999999999	-0.51100000000000001	4.7240000000000002	-1.01	1.4259999999999999	-1.44	-1.627	-1.6579999999999999	-0.81	-5.7990000000000004	-0.85399999999999998	-1.409	-1.5169999999999999	-0.29099999999999998	-0.82299999999999995	2.4740000000000002	0.17799999999999999	7.1989999999999998	-8.4000000000000005E-2	-0.54200000000000004	3.2010000000000001	0.22600000000000001	-0.40699999999999997	7.9000000000000001E-2	-0.40799999999999997	-0.93	-1.081	0.2800	0000000000003	-0.128	2.2050000000000001	-0.35099999999999998	0.114	-0.64400000000000002	0.214	-0.95599999999999996	0.86899999999999999	-0.7	-0.17499999999999999	-0.748	0.60199999999999998	0.60599999999999998	1.3740000000000001	2.2200000000000002	0.432	0.17899999999999999	-0.47699999999999998	-0.51700000000000002	7.3680000000000003	1.6970000000000001	1.883	2.3980000000000001	12.073	6.1	0.55700000000000005	0.56200000000000006	0.47699999999999998	1.468	1.6830000000000001	-0.88200000000000001	1.3049999999999999	3.2970000000000002	-0.01	0.224	0.28499999999999998	0.35	2.5379999999999998	1.4390000000000001	1.0049999999999999	1.214	0.26300000000000001	-1.9710000000000001	-2.0089999999999999	-2.544	-4.3879999999999999	-3.0539999999999998	-3.931	-2.93	-1.863	-2.2890000000000001	-2.9060000000000001	-3.8969999999999998	-4.149	-1.4930000000000001	-1.5740000000000001	-3.008	-1.885	-1.9670000000000001	-4.5960000000000001	-8.8379999999999992	-1.38	-1.319	-1.387	-1.36	-1.665	-2.5790000000000002	-1.3380000000000001	-1.361	-1.446	-0.78300000000000003	-1.5549999999999999	-1.468	-0.53200000000000003	-2.516	-2.9129999999999998	-1.25	-0.75	-1.6279999999999999	3.9E-2	-1.633	-1.4710000000000001	-1.5329999999999999	-3.52	89999999999999	-3.5139999999999998	2.319	0.25900000000000001	0.54500000000000004	-0.73599999999999999	-0.60699999999999998	1.179	-1.95	0.125	9.5000000000000001E-2	0.875	-0.87	-0.89700000000000002	-0.75800000000000001	-0.47899999999999998	-0.747	-3.3490000000000002	-3.1480000000000001	-0.871	-0.77100000000000002	-0.57599999999999996	-0.64100000000000001	-0.63200000000000001	-0.48	-1.1519999999999999	-2.476	-0.73499999999999999	0.154	0.14399999999999999	-0.42499999999999999	0.53600000000000003	0.314	0.35099999999999998	0.84299999999999997	0.13	-2.0329999999999999	-0.46700000000000003	-0.499	0.04	8.8999999999999996E-2	1.5289999999999999	0.36399999999999999	1.70000000	00000001E-2	-2.3149999999999999	-3.0350000000000001	-0.42699999999999999	4.5419999999999998	0.76900000000000002	-1.7609999999999999	1.1080000000000001	-0.97399999999999998	0.69099999999999995	-0.24099999999999999	-1.0109999999999999	0.373	0.43	0.51900000000000002	0.11799999999999999	0.505	-3.391	-3.0089999999999999	-0.29499999999999998	-0.33700000000000002	-0.36899999999999999	0.75800000000000001	1.645	-0.53400000000000003	2.62	1.018	2.4409999999999998	-0.54500000000000004	-2.004	-0.23499999999999999	-0.77700000000000002	-0.75700000000000001	1.1679999999999999	1.893	1.5820000000000001	-0.123	1.802	3.9609999999999999	-2.1819999999999999	-0.88100000000000001	-0.56399999999999995	-0.16	0.68200000000000005	0.66700000000000004	1.0720000000000001	1.417	1.042	1.357	0.28999999999999998	2.2730000000000001	-1.982	-2.5950000000000002	-4.0279999999999996	-1.1739999999999999	-2.8940000000000001	-2.931	-3.7149999999999999	-4.1900000000000004	-4.3840000000000003	-0.47699999999999998	-1.3440000000000001	-1.637	-0.17100000000000001	-0.41	-1.1080000000000001	-2.9950000000000001	-2.52	-1.1659999999999999	0.62	-2.484	-2.2160000000000002	-2.9769999999999999	-1.319	-0.997	0.61599999999999999	1.0089999999999999	1.016	-1.48	-3.5089999999999999	-1.599	-0.78200000000000003	-1.22	-0.55100000000000005	0.86399999999999999	-2.1000000000000001E-2	0.216	-5.79	-1.1080000000000001	-2.2789999999999999	-2.9430000000000001	-2.5659999999999998	-9.593	-2.7490000000000001	-3.2010000000000001	-3.7029999999999998	-2.9870000000000001	-3.3980000000000001	-2.5779999999999998	-4.0270000000000001	-2.7160000000000002	-2.8610000000000002	-3.2309999999999999	-2.3410000000000002	-4.4080000000000004	-4.8970000000000002	-2.48	-1.4590000000000001	-2.9780000000000002	-1.4410000000000001	-2.7410000000000001	-1.4630000000000001	0.70099999999999996	-0.54100000000000004	0.624	-5.8550000000000004	-0.72399999999999998	-0.746	-1.333	-4.1070000000000002	2.3860000000000001	-3.4780000000000002	-0.54200000000000004	-0.15	-2.327	-1.1950000000000001	-0.88400000000000001	-0.67700000000000005	-0.76900000000000002	-0.54500000000000004	-3.34	-3.407	-5.0259999999999998	-0.73499999999999999	-0.79	-5.2999999999999999E-2	0.435	-2.7069999999999999	1.335	2.302	1.643	1.3660000000000001	3.5790000000000002	0.54600000000000004	-0.745	0.125	-0.36399999999999999	3.5139999999999998	3.42	0.85599999999999998	1.149	0.89500000000000002	-0.15	-1.0229999999999999	0.80300000000000005	-2.1000000000000001E-2	0.79200000000000004	2.101	-0.46899999999999997	-2.6909999999999998	-3.0720000000000001	-2.4590000000000001	-1.754	-1.2849999999999999	-2.6160000000000001	-2.11	-2.9889999999999999	-5.5609999999999999	-1.288	-2.7170000000000001	-1.603	-1.196	-2.29	-0.314	2.3919999999999999	-0.29199999999999998	-3.8980000000000001	-0.373	-1.194	1.3169999999999999	0.90800000000000003	1.363	-4.218	-0.879	-2.11	-3.7610000000000001	-3.1259999999999999	-3.4	-3.931	-1.6040000000000001	-2.0329999999999999	-3.6589999999999998	-4.7590000000000003	-2.9329999999999998	-7.0579999999999998	-1.3660000000000001	-2.7330000000000001	-1.899	-2.2160000000000002	-3.6819999999999999	-1.9330000000000001	-1.7050000000000001	-4.6870000000000003	-0.71899999999999997	-2.8330000000000002	-1.919	-2.169	-3.718	-2.8180000000000001	-1.605	-0.99399999999999999	-1.83	-1.5409999999999999	-2.157	-2.2360000000000002	-1.7090000000000001	-6.0060000000000002	-5.1890000000000001	1.1890000000000001	-0.23599999999999999	-3.117	1.3680000000000001	-1.891	2.6459999999999999	0.185	0.17199999999999999	-2.419	-6.3890000000000002	-0.85	1E-3	-3.165	0.53400000000000003	-0.192	-2.4889999999999999	-1.0049999999999999	-5.1520000000000001	-0.57299999999999995	4.4999999999999998E-2	-0.123	0.86399999999999999	2.1120000000000001	-6.4000000000000001E-2	0.85599999999999998	2.8559999999999999	-0.316	1.038	0.32400000000000001	-6.4809999999999999	0.41699999999999998	-4.07	7.8E-2	0.253	-0.222	-0.93200000000000005	0.	41	0.156	-1.369	0.34699999999999998	1.736	1.8660000000000001	-2.7890000000000001	-1.798	-2.1440000000000001	-2.8980000000000001	-3.8650000000000002	-5.4530000000000003	-4.3209999999999997	-0.97799999999999998	-1.4430000000000001	-3.1480000000000001	-2.8639999999999999	-4.1020000000000003	-1.6040000000000001	-1.9450000000000001	-1.4790000000000001	-2.0680000000000001	-2.4	-1.7070000000000001	-2.7509999999999999	-2.6059999999999999	-1.339	-2.4849999999999999	-2.746	-0.79400000000000004	-2.94	-1.5069999999999999	-1.476	-2.2010000000000001	-1.998	-4.2510000000000003	-6.26	-1.86	-2.0049999999999999	-2.512	-2.2370000000000001	-2.7240000000000002	-1.77299999999	99999	-2.0790000000000002	-2.0329999999999999	-2.6739999999999999	-1.6279999999999999	-1.8540000000000001	-3.4159999999999999	-3.4710000000000001	-2.1269999999999998	-1.5269999999999999	-1.7769999999999999	-1.149	-2.347	0.24099999999999999	-9.0640000000000001	-2.016	-2.133	-2.089	-0.77200000000000002	-2.806	4.5019999999999998	-0.77200000000000002	-1.3859999999999999	-0.60299999999999998	-0.434	-0.495	-2.3919999999999999	2.2559999999999998	-0.9	0.14599999999999999	1.2210000000000001	-1.502	0.95499999999999996	-4.5469999999999997	0.71499999999999997	-4.1980000000000004	-0.73299999999999998	0.97199999999999998	-1.9990000000000001	1.0069999999999999	-0.123	1.0760000000000001	0.378	2.4910000000000001	-1.2E-2	0.38	0.81100000000000005	-1.071	0.432	3.8780000000000001	1.0229999999999999	1.0649999999999999	-3.0000000000000001E-3	0.94	0.15	1.6830000000000001	3.1349999999999998	1.3540000000000001	0.63	0.63100000000000001	2.363	4.1360000000000001	1.907	1.284	1.0640000000000001	-4.4139999999999997	-2.3029999999999999	-2.1019999999999999	-4.2140000000000004	-8.3040000000000003	-3.8250000000000002	-1.8440000000000001	-1.2729999999999999	-2.133	-2.4889999999999999	-2.6779999999999999	-2.9529999999999998	-1.5149999999999999	-5.3369999999999997	-1.2809999999999999	-1.4850000000000001	-0.875	-4.4610000000000003	-1.552	-2	.1120000000000001	3.0649999999999999	-1.99	-1.504	Local	0.55046641705709676	0.61486941087257885	0.80088724517843524	1.6418485869036545	1.0256995865690126	1.3777580416623241	1.0614115271988973	0.4842746282928389	0.65771550571358106	0.87042084573791501	1.4399581045088843	1.4126198843250373	0.39623837175110993	0.39873451454866993	1.0460120630840228	0.47812285000067695	0.50466759205897105	1.6756390950869222	3.6391681748724753	0.36241793941944866	0.32437485929231002	0.31375737076551735	0.2	7033416454489057	0.3753196600509755	0.90478562347528912	0.3622869026073951	0.3459204451319034	0.36880348141490876	0.14129075750041978	0.35468363384569024	0.35365759253118001	0.10130883442749783	0.66017768202288862	1.4363578341743739	0.3028062199279038	0.11575547368395661	0.44289459259502767	-3.0632310701858803E-2	0.48133401161349582	0.10958188300671201	0.23948630098179369	0.64465652045720523	0.43140239251585233	-1.0491039011911214	-0.11687491607026285	-0.22891892121909632	0.15254481907397369	-4.7767565008709593E-2	-0.82917866330855172	0.63962818626581874	-0.15265763150217074	-0.12174747798821572	-0.64987760519670168	0.16130436561934847	0.15076290829057515	2.9155622972955766E-3	-0.22745767767506522	2.1053017592746109E-2	1.2157002346863619	1.2197639359204231	0.17464569036631258	0.10254397169	290878	-2.2200977157507969E-4	1.0096610359136267E-2	5.9487797055409377E-3	-0.10704360779040244	-0.12935960468893937	1.2886208860388131	0.12506989196883336	-0.29171833508540373	-0.2879344910624696	-4.2910372107298665E-2	-0.44462712724824222	-0.14582358682686508	-0.38019379557112309	-0.41383022695932076	9.2003647169493705E-3	1.071686027595421	-2.5504932413029608E-2	-0.10867709834617417	-0.1700339473909401	-0.20387904747499855	-0.88808991911668955	-0.36032902139306466	-9.0177697902686524E-2	1.2435763162819915	1.5813988422973291	0.17878743719742468	-0.70165929826478957	0.20167123319793429	1.2227991271023104	0.42285580821788255	0.43838639039558996	-0.23716524702149253	0.43065407213726969	0.67118619887782849	2.4839649274012249E-2	-0.16870136671387409	-0.26336621414842004	-6.7548650564070611E-2	0.88621045658726372	1.4463945826949265	1.3216102315882567	5.0235024797606435E-2	6.6498355210406701E-2	3.2579652040603493E-2	-0.47717644142720872	-0.80617917242893755	0.1792436379273378	-0.80463226648856745	-0.3107297963829187	-0.883491184754567	0.15767985478748084	1.2215789722237909	5.7369565638374316E-2	0.58532820555262399	0.56762429763372046	3.6248174272286708E-2	-0.37855995901109046	-0.52116911514457864	0.55540807184050589	-0.98173803751437705	-1.3635548785582621	1.2465876942215612	0.67938721797349266	0.60575189381004335	3.5986154815365462E-2	-5.9987860225376215E-2	-0.23490812432322689	-0.28921859074482126	-0.42218819175916616	-0.4147774087920898	-0.52982834936918721	-0.19867323695946829	-0.85498536011036708	0.82328130121581922	1.0230234580842552	1.6269793132340882	0.4819414473129	6074	1.2349813999490691	1.288898342221259	1.6329778015322776	2.2337204265030746	1.8505973680128849	0.32262485997274321	0.5057219162106974	0.70130450203561134	1.2696004720097038	0.11987498087494615	0.41288265849690126	1.6196570751142587	1.1269865409024453	0.37506808567706434	1.4381493938285871E-2	1.0688509931746371	0.95953486658583398	1.6500503657168231	0.52195976498640995	0.45542662940306033	-5.6029300453037278E-2	0.16839273170150787	-1.422382914198983E-2	0.8965028624469763	2.0467372130641857	1.0997412945353544	0.53382651865542519	0.55228389501453556	0.27627399151883708	0.13974172882664626	0.575974123586662	0.18455174807907246	2.0049674037197538	0.26683543412908028	0.65435995267119773	0.93076215271836693	0.77317815419854974	4.1634064747707873	0.966826	75330222989	1.1182407762296214	1.3168412239880354	0.92017176005624612	1.032544571291351	0.26713881274545015	1.2200385773609441	1.0026798433647142	1.0195704480884205	1.1400140554918261	0.61209139646486033	1.5499100038015547	1.8052082500653956	0.91583665937862901	0.33651826880087732	1.0266657660449394	0.19973531332844829	1.3319300522333091	0.40016255132195283	-0.37043573083095005	0.12273106796330854	-0.29895643024390295	2.3747649201927659	0.13920996477914324	-4.6252970703618099E-2	0.31485337299736016	1.7845309459514405	-1.3308020843704482	1.9121163379070492	-0.10434161103890671	-5.4597994599196245E-2	1.1952372693775077	0.11610370466842547	0.14036178650971076	-3.9268878031304778E-2	8.3856087169262072E-2	-6.9599892224807475E-2	0.78211931420050318	0.65951081173987991	2.1465711304094737	0.12264290974571222	7.949593210959735E-2	-0.2125932873136413	-0.32363593244215838	1.4944929681889387	-1.1507204484119229	-0.69852528711355188	-0.43101042842684606	-0.4366113637775686	-0.69626861875391932	-0.36089684757863055	0.61667716283912244	-0.18849131020825388	0.51565588367281956	-1.0985369765538067	-1.2349705005274259	-0.34428369903737011	-0.41623295514328812	8.3355339450121219E-2	4.2206333964461941E-3	0.69165923618183889	-0.5144761792764827	3.3186687568621608E-2	-0.31689774403451648	-1.033086861672643	1.4989112760670271	1.1479760409463993	1.0070129161015036	1.1544719807995782	0.85102071651554501	0.4845107930248187	1.1308755399288986	0.83336818558406023	1.2181053638990109	2.3876957375461987	0.46628719391080298	1.1435091166556313	0.5729150785370	6802	0.66852061026865639	0.90932937930697055	0.1438248955842947	-0.10384872387139167	0.50560095139379979	1.6571659359980266	0.30637204235193555	0.95049299409166743	7.0923560795668694E-2	-0.27681674978055876	0.15248164752944252	2.5156232495801998	0.22955307969537939	0.61708124040590895	1.3888119058493855	1.0494598302256579	1.1951382252800646	1.0973702130617371	0.42493346727656617	0.54760063106143209	1.3180092150780385	2.1856507511013188	0.98494035472997365	2.9072536017751287	0.23145998409373802	0.94838071716159911	0.55811417864084323	0.4708548577773774	1.3300527259790831	0.61597835400868894	0.4669763580011202	1.3061651283041862	-2.8758715326171864E-3	1.0206251994951867	0.5365580800092572	0.63329563548536172	1.4027501670456186	1.182839497836697	0.463829	48719639439	0.22267171391431048	0.50927768018136965	0.3554965368694406	2.4937338211002573	0.50283513171464067	0.37372337798042138	2.0045807772775235	1.6645181118080463	-0.73374176350388509	-0.28077324098668033	0.74179645802173277	-0.84632891354409068	0.69051271147265725	-1.2804222950554236	-0.3065604993485016	-0.34798258621428335	1.0939377607694578	2.9042078165504699	0.18257493693056726	-0.1729510968322269	1.2571190795551785	-0.42522542442367744	-5.5894594388978563E-2	1.2599047649293715	0.18797367403756243	2.9418723007479097	0.15591128507979649	-6.9992616031318025E-2	5.5449733877544996E-2	-0.27912685015203087	-0.36594580718255515	3.2239919449095961E-2	-9.6017693978092858E-2	-0.62550675155260904	0.69901861507790342	-0.31601326586584916	1.0287868555830863E-2	4.2114145793137991	-5.4939354960084591E-2	2.4864048206912193	-8.9674589780253652E-2	-9.1790976759163451E-2	9.4223215378280933E-2	0.68737794060391522	-0.16912844363828752	-1.5742024990103774E-2	0.71904803301021059	-8.4415801591516917E-2	-0.63200589277736352	-0.70175383214194398	1.5553009886912963	0.72222201322140489	0.86710530238087791	1.1648561328781131	1.5785225705932653	2.5743383909670938	1.9828854894451828	0.41237509432136588	0.58075736739806716	1.7128696181945713	1.1718066592336207	1.6477273650664734	0.87892190666040837	0.77978610613703192	0.59149537994492107	1.0592320228426424	0.98250243245981994	0.65055627003682304	1.4028128165425342	1.4734363355113738	0.92969399252690377	1.3602959279592504	1.3909274383182153	0.61169054735324213	1.2332281992579266	0.43125914743344268	0.3	8115435910499607	0.69131672947379585	0.64300032238088134	1.5575169147316716	2.7283080183591819	0.52762463159916806	0.56707189463188268	0.72716214856980543	0.88207971751216674	0.96907376337994999	0.43494432044678777	0.51986444421687505	0.48093000175569173	0.98827244053430052	0.43675575520713295	0.43801151788508214	1.1763229461127764	1.2202618011886563	0.4619909701131738	0.4092747578213059	0.44819303092305313	0.27903707770685027	0.95311131576226238	-0.14912413425521409	4.138383584270815	0.66200325820184192	0.8191431830113225	0.76634651055192582	8.5762164141133704E-2	0.90867543638643267	-0.90052664878826705	0.12587875265272477	0.68844767439757304	5.368826500398243E-3	-8.0449530227313992E-2	-6.3535471807347893E-2	0.72115879050527032	-1.6171067135037618	0.19292833743422147	-0.25222942105616547	-0.64371694188192785	0.48390294361211011	-0.4515837374262332	1.9438818999513574	-0.22471771272084756	2.496348941399277	0.2444344668427261	-0.41741428730900565	1.1562999850908064	-0.3200159047469861	-1.5075514253152502E-2	-0.36514054804168622	-0.19048394471193406	-1.0042008945801428	-0.15012953661538944	-9.2962209846131877E-2	-0.30198723308167014	0.68946358954974096	-0.20123732627532984	-1.3403721599944849	-0.44981759583082348	-0.34201930554407689	-0.13543256412474983	-0.20478014934173477	-0.1524093126670211	-0.61375034157412645	-1.2035095040720312	-0.38772835809702211	-0.13387917419044953	-2.4586514839702776E-2	-0.50971691120895302	-1.3852298869823247	-0.64157430000662963	-0.51728213051715677	-0.44602970946803056	2.5960396407457482	1.0479322679327061	1.0041701430052621	1.816537915581929	4.6285878592080731	2.2089644658517602	0.72460895867558694	0.52556889325993905	0.8142892185650803	1.0803080804184051	1.1771204530363917	0.90713537398605004	0.71630155697846964	2.337743411785238	0.44670673299697439	0.55147909021229957	0.34679035462692276	1.6105663620793205	0.90527292178434349	0.94428139458631155	-0.92875659085221596	0.86948010727368652	0.56369367469433684	-1.3488767789481193	-1.5066914978130348	-1.9625142862527565	-4.0232271484663702	-2.5134001123925431	-3.376093021882896	-2.6009095515775114	-1.1866787518668678	-1.6116826482425479	-2.1329011731636207	-3.5285096231923565	-3.4615193595884337	-0.97095249050923726	-0.97706910171790629	-2.5631743166764429	-1.17160	42793279304	-1.2366501841390256	-4.1060282611681069	-8.9175093950614794	-0.88807805092025105	-0.79485632877141876	-0.76883896734707358	-0.66243364865094034	-0.91969275225186264	-2.2171094904511204	-0.88775695501414398	-0.84765217521602831	-0.90372534392810178	-0.34622243240778461	-0.86912571365414382	-0.86661147616299339	-0.24824972064985637	-1.6177160271125193	-3.5196874300454617	-0.74200399138870743	-0.2836501295086884	-1.0852800697034248	7.5062186013384893E-2	-1.1794729906584742	-0.26852220735171861	-0.58684326647490082	-1.5796825817114699	-1.0571192930502371	2.5707506346818687	0.28639323933967764	0.56094869282872994	-0.37379966846621004	0.1170508449391198	2.0318402901227941	-1.5673610249054921	0.37407610688289905	0.29833308784170137	1.5924764593174432	-0.39526428204307368	-0.3694332293	8218098	-7.1443673193068132E-3	0.55736802482818426	-5.1588844800855314E-2	-2.9789824881544451	-2.9889402840550794	-0.42795620037624815	-0.25127633212787048	5.4401833844504918E-4	-2.4740988437289738E-2	-1.4577039687145346E-2	0.26230235380249772	0.31698603491867455	-3.1576690896749349	-0.30647441477762399	0.71483395897935909	0.70556193224068153	0.10514865706249724	1.0895255162738768	0.35732979160703421	0.93163645674835571	1.0140600157890436	-2.2544805532177192E-2	-2.6260864462448681	6.249792905533133E-2	0.26630510022087367	0.41665546918321011	0.49959035525424567	2.1761979157943112	0.88295931355207624	0.22097370322832155	-3.047290740914772	-3.8750995710771039	-0.43810524117448024	1.7193636248008148	-0.4941802715174694	-2.9963777930075848	-1.0361765275306136	-1.0742330574367462	0.5811556973649	1979	-1.0552855899384648	-1.6446915742052444	-6.086770248775282E-2	0.41339007991390819	0.64535920742179176	0.16552291542556502	-2.1715924334537187	-3.5442817315250945	-3.2385070132711431	-0.1230971705806093	-0.16294924522572174	-7.9834000298734845E-2	1.1692851759120064	1.9754817581327802	-0.43922312693835447	1.9716911808377338	0.76142012279147209	2.1649290612349703	-0.38638268937064535	-2.9933878947479342	-0.14057982923219164	-1.4343029839210193	-1.3909208818554399	-8.8823439614265601E-2	0.92763286247242016	1.2770859321115375	-1.3609859343486512	2.405675624850852	3.341289233122982	-3.0546698972982593	-1.6647875580456248	-1.4843497042608194	-8.8181380534688728E-2	0.14699576426367619	0.57562478703036357	0.70870852245891658	1.03454058333765	1.016381014019043	1.2983047378499368	0.48683390599155729	2.0950776702402312	-2.0173892454496896	-2.5068424597207057	-3.9867911055921641	-1.1809614664025401	-3.0262295413588354	-3.1583489752957101	-4.0014899524672867	-5.4735648181414192	-4.5347504217249419	-0.79056808634246434	-1.239233726607158	-1.7184942231807208	-3.1110609878637332	-0.29374467373237212	-1.0117380701520062	-3.968848508798394	-2.7615962175085702	-0.91907628806688768	-3.5240775129656662E-2	-2.6191394064632978	-2.3512684153345238	-4.0433249939376656	-1.2790233604066674	-1.1159888884786946	0.13729560965018905	-0.41263379290265539	3.485442933999288E-2	-2.1968132041192536	-5.0153764403485992	-2.6948337792879697	-1.3081019526143585	-1.3533303727316341	-0.67698875033899675	-0.34242665351331819	-1.4113815057685113	-0.45223025380733289	-4.9130226470200045	-0.65386027147941994	-1.6034601165146403	-2.2807630322620467	-1.8946152315050597	-10.20211613483054	-2.3691366382845294	-2.7401653753794788	-3.2268209168786388	-2.254812067227252	-2.5301732354353228	-0.65460367808547315	-2.989613272361316	-2.4569919535958067	-2.4983811170183516	-2.7935191675242486	-1.499884181308264	-3.797938527774817	-4.423527783396481	-2.2441892272914354	-0.82461284541949098	-2.5157676629260366	-0.48943644468818787	-3.2637949618174691	-0.98056839901067006	0.90772504902640827	-0.30074330150105938	0.73257036974046041	-5.8191837995020661	-0.34112360549198556	0.11333944488934516	-0.77152463883292344	-4.3728595963712413	3.261030960943907	-4.6854980557017472	0.25568131287801965	0.13378830172005166	-2.9288395223381101	-0.28450	344348771645	-0.34394605848404375	9.6225448220720058E-2	-0.20548306899589575	0.1705493296779933	-1.9165248752721993	-1.6160819113673119	-5.2600119870154121	-0.30052727638326038	-0.1947988351709922	0.52094394813529987	0.79304564379841069	-3.6621432273173773	2.8197543825141493	1.7116839649053586	1.0561588143698688	1.0698834874850238	1.7061541678936372	0.88435072914520774	-1.5111212587833858	0.46188385611732635	-1.2635761707913469	2.6918826881597151	3.0262028331413986	0.84364145134343826	1.0199477214747139	-0.20425602416712782	-1.0342346425701549E-2	-1.694859220692303	1.2606853934125035	-8.132149545260399E-2	0.77653421713620474	2.5315020774502135	-3.6729699602738743	-2.8130294173073569	-2.4676098242143194	-2.8289472320075548	-2.0853626076748322	-1.1872574558769637	-2.7711259187175545	-2.0421064010738155	-2.9848760773812977	-5.8508698001742134	-1.1426018894117607	-2.8020835534681985	-1.40388554469751	-1.6381597487101245	-2.2282436242341257	-0.3524321482234406	0.2544735297430249	-1.2389373113717743	-4.0607611666520738	-0.75074177250775076	-2.329111983138723	-0.17379288049768474	0.6783187388598817	-0.37364487132170132	-6.1643465991655155	-0.5625026507384685	-1.5121114206349411	-3.4031796892209094	-2.571622812156757	-2.9285968221860332	-2.6890236214987713	-1.0412676756406334	-1.3418543847325866	-3.2296829916764915	-5.3557736742826352	-2.4135226636475822	-7.1240074824419235	-0.56717537732617107	-2.3239360065243653	-1.3676170466403754	-1.1537946080458996	-3.2591947142594559	-1.5094088800167846	-1.1442906344641539	-3.2006599429998657	7.047108069415422E-3	-2.500965706443	-1.3147954393853669	-1.5518435829061517	-3.4373343556709104	-2.8984597105568422	-1.1365794629497541	-0.54564037863264947	-1.2479468602386374	-0.8711176717069814	-6.1107081920508861	-1.2321598771371469	-0.91578118244323914	-4.9120752478437923	-4.0787771235162529	1.7979793060330771	0.68801382460658633	-1.8177167324409056	2.0738656954500523	-1.6920497476549226	3.1375790557420555	0.75120357228085466	0.8527052976858932	-2.6806126539112203	-7.1165440135800635	-0.44738622595756877	0.42380372568014568	-3.0804762692884289	1.0419830947906183	0.1369655225165112	-3.0873023829227408	-0.46061542740132555	-7.2088380147229429	-0.38204894159471331	0.17151166998927747	-0.13587542510974882	0.68397946701978862	0.89672282698178585	-7.900151	0995960825E-2	0.23528417676706725	1.5327575054539055	-1.7128928281800286	0.77436686954472	-2.5209652341772894E-2	-10.319756403905602	0.13462477974993275	-6.0927490247732443	0.21974087440784965	0.22492692238945336	-0.2308869411890164	-1.6843682261285502	0.41443659997092758	3.857465470154102E-2	-1.7619734185803941	0.20685460731981065	1.5486831648756798	1.7195952729954482	-3.8111487329900759	-1.7697510196675044	-2.124776682176845	-2.8543928199195028	-3.8680514824174925	-6.3082236611175473	-4.8589125678639808	-1.0104943221067288	-1.4231024869316229	-4.1972588731216609	-2.8714245648396273	-4.0376326546093377	-2.1537323870568841	-1.9108075234415527	-1.4494151834516769	-2.5955688391840366	-2.4075487174863035	-1.5941394767425976	-3.4374878735767873	-3.6105455240215893	-2.2781455856135038	-3.3333034184564898	-3.4083636432894804	-1.4989019305446039	-3.0219334542083041	-1.056768281690827	-0.93399024583593093	-1.6940199336244686	-1.5756241922125513	-3.8165786939960689	-6.6855147157886261	-1.2929046922972474	-1.3895672596203474	-1.7818564518062048	-2.1614703663381984	-2.3746427683988838	-1.0657985225013065	-1.2738889335953398	-1.1784829947227158	-2.4216876906640312	-1.0702373078823875	-1.0733144603910021	-2.8824913880092033	-2.9901602656535116	-1.1320743143622818	-1.0028971794250483	-1.0982634964918767	-0.68375948635804207	-2.3355279845365264	0.36541753619228673	-10.140799413425404	-1.6221894649820914	-2.00724909632955	-1.8778747997703773	-0.21015376803688501	-2.226641186023659	2.2066731915608724	-0.30845646737901278	-1.6869895287715622	-1.3155907739667478E-2	0.19713555602730412	0.15568892107646076	-1.7671456719329206	3.9625990384443051	-0.47275645943555478	0.61806932900486045	1.5773802146952141	-1.1857679663595408	1.1065721691459136	-4.7633371893602119	0.55065394566303782	-6.1171163487271132	-0.59896837678386128	1.0228424875806645	-2.8334266197846287	0.78417503671710631	3.6941419997052381E-2	0.89474959969217049	0.4667666579153264	2.4607191758213722	0.36788119946967701	0.22779694145836157	0.73999712538395734	-1.6894789528593515	0.49311701506078121	3.2844817153987447	1.1022443712774825	0.83809272446953786	0.33186736774593933	0.50179843797436052	0.37346762015213802	1.5039493022059238	2.949110014676418	0.95009933861688511	0.32806090190878356	6.0247415491467636E-2	1.2490231630163222	3.3944022	199297512	1.5721298310539322	1.2675611670366975	1.0929624390873565	-6.3614009504008351	-2.5678796350227642	-2.4606438213874098	-4.4512902812618425	-11.342008320844331	-5.4129021883635016	-1.7756000509544172	-1.2878672592705351	-1.9953548195408228	-2.6472141417398345	-2.8844456190703212	-2.2228673783114403	-1.7552433845068194	-5.7284653624364195	-1.0946214346022438	-1.3513582587648536	-0.84978382336250613	-3.9465723965108075	-2.2183035785065157	-2.3138909231916074	2.2758485529293058	-2.1305959639262526	-1.3812891843613759	





VIV Damage at TDZ

Orginal	999.5	1000.5	1001.5	1002.5	1003.5	1004.5	1005.5	1006.5	1007.5	1008.5	1009.5	1010.5	1011.5	1012.5	1013.5	1014.5	1015.5	1016.5	1017.5	1018.5	1019.5	1020.5	1021.5	1022.5	1023.5	1024.5	1025.5	1026.5	1027.5	1028.5	1029.5	1030.5	1031.5	1032.5	1033.5	1034.5	1035.5	1036.5	1037.5	1038.5	1039.5	1040.5	1041.5	1042.5	1043.5	1044.5	1045.5	1046.5	1047.5	1048.5	1049.5	1050.5	1051.5	1052.5	1053.5	1054.5	1055.5	1056.5	1057.5	10	58.5	1059.5	1060.5	1061.5	1062.5	1063.5	1064.5	1065.5	1066.5	1067.5	1068.5	1069.5	1070.5	1071.5	1072.5	1073.5	1074.5	1075.5	1076.5	1077.5	1078.5	1079.5	1080.5	1.7964110376814971E-7	1.8417477667396794E-7	1.8423948452296536E-7	1.8920830764765212E-7	1.8982764508748369E-7	1.963703131965428E-7	2.0642220097405743E-7	2.3163307395468972E-7	2.6696358635759242E-7	3.142721409472902E-7	3.7120609205659198E-7	4.1070889145125781E-7	4.2603147632144262E-7	4.5670972955037251E-7	5.071301194853435E-7	6.4972266146432974E-7	9.2984222800819976E-7	1.3949521341612217E-6	2.0364584931474549E-6	3.1324798973132899E-6	5.3953348991404977E-6	1.0303819688640679E-5	2.061765893625956E-5	3.9820990516766835E-5	7.004655020362577E-5	1.1754505703082706E-4	1.9636854959972048E-4	3.3185477110423556E-4	5.2981800745608549E-4	7.4318957711110489E-4	9.1309962654769839E-4	9.9021482836272726E-4	9.595182131848139E-4	8.4655370406189537E-4	6.9697932542328849E-4	5.4430855685613604E-4	4.1030661647282975E-4	2.9929087652170755E-4	2.1395887217425793E-4	1.5097275023988487E-4	1.0516284598517367E-4	7.2875025246055486E-5	5.116662454064824E-5	3.6147779498448521E-5	2.5935377531174588E-5	1.9435621551073945E-5	1.4820540100396079E-5	1.1228820889514175E-5	7.7270985243037827E-6	5.746821830149838E-6	4.4459223355819077E-6	3.9543126248899331E-6	3.6456211078837911E-6	3.5245338224405672E-6	3.440560818061227E-6	3.4204803783798785E-6	3.4562461713734589E-6	3.5579240750090404E-6	3.6538030491392599E-6	3.7547609790533411E-6	3.8125414823195303E-6	3.8742088463366306E-6	3.9265922675290176E-6	3.9869183095182598E-6	4.0256348254358337E-6	4.0642058815078704E-6	4.0827866961285687E-6	4.0755363863522631E-6	4.0854908846145076E-6	4.1056964457914414E-6	4.1325621043791148E-6	4.1289316242098218E-6	4.133582870128835E-6	4.1132922209668866E-6	4.0998065544880036E-6	4.077188124818954E-6	4.0206220990945161E-6	3.9877715582595281E-6	3.9838910038751559E-6	3.9600808969094726E-6	3.9396255328509117E-6	3.8704694349969064E-6	Spread	999.5	1000.5	1001.5	1002.5	1003.5	1004.5	1005.5	1006.5	1007.5	1008.5	1009.5	1010.5	1011.5	1012.5	1013.5	1014.5	1015.5	1016.5	1017.5	1018.5	1019.5	1020.5	1021.5	1022.5	1023.5	1024.5	1025.5	1026.5	1027.5	1028.5	1029.5	1030.5	1031.5	1032.5	1033.5	1034.5	1035.5	1036.5	1037.5	1038.5	1039.5	1040.5	1041.5	1042.5	1043.5	1044.5	1045.5	1046.5	1047.5	1048.5	1049.5	1050.5	1051.5	1052.5	1053.5	1054.5	1055.5	1056.5	1057.5	1058.5	1059.5	1060.5	1061.5	1062.5	1063.5	1064.5	1065.5	1066.5	1067.5	1068.5	1069.5	1070.5	1071.5	1072.5	1073.5	1074.5	1075.5	1076.5	1077.5	1078.5	1079.5	1080.5	1.7850198212256822E-7	1.8256395137809515E-7	1.866391480216484E-7	1.9264773687688013E-7	2.009037550792615E-7	2.1402683640484101E-7	2.33036836743682E-7	2.5915298178974811E-7	2.906774634062052E-7	3.2635589180712604E-7	3.6694895577276601E-7	4.1661525596497993E-7	4.8888413850498754E-7	6.1241979092285453E-7	8.2425740681992669E-7	1.1928593069664758E-6	1.83912559782773E-6	3.0164648582012458E-6	5.2192282401276283E-6	9.349695387421248E-6	1.674636676641766E-5	2.9248800497211932E-5	4.956653429343738E-5	8.1983790548591031E-5	1.3231463451591582E-4	2.0609581738774573E-4	3.0458630340589738E-4	4.2213342686819676E-4	5.4539416988661285E-4	6.5531858409447971E-4	7.357179507474134E-4	7.7577399640938068E-4	7.7137181489951925E-4	7.2584226800248466E-4	6.4856839975528484E-4	5.5186242779359804E-4	4.4941378400556025E-4	3.523242130518245E-4	2.6793896757419672E-4	1.9903368136010179E-4	1.4518003320785082E-4	1.0459938096405661E-4	7.4897418331185269E-5	5.3541875633032162E-5	3.8418570967524031E-5	2.7827920072376688E-5	2.0341933053515744E-5	1.5052940820536878E-5	1.126324264335014E-5	8.6432596532363171E-6	6.7706234369604878E-6	5.4757554970586926E-6	4.6258360530406983E-6	4.1175586914359691E-6	3.8426014757445672E-6	3.7098602486968295E-6	3.663184641071252E-6	3.6676310251190518E-6	3.6996716198083498E-6	3.750576347383866E-6	3.8076616161228338E-6	3.8666144106575245E-6	3.9199672843999792E-6	3.9658943552215258E-6	4.0019098375292768E-6	4.0317227979346453E-6	4.0560215651785672E-6	4.0745263054566962E-6	4.0908795592823357E-6	4.1021253788775588E-6	4.1087550210104911E-6	4.1087850702983155E-6	4.1056254734646328E-6	4.0938139368987581E-6	4.0762705027718022E-6	4.0549334567341126E-6	4.0290087967550291E-6	4.0027398751599263E-6	3.9733783773746839E-6	3.9345796917865985E-6	3.8919626201425604E-6	3.8413158136091417E-6	Position Along Line (m)









TDP Position

				Offset		TDP

				-6.540178053		1015.9701

				-5.0916141945		1018.3984

				-3.643050336		1020.8189

				-2.1944864775		1023.2369

				-0.745922619		1025.6312

				0.7026412395		1028.0237

				2.151205098		1030.4074

				3.5997689565		1032.7825

				5.048332815		1035.1473

				6.4968966735		1037.5049

				7.945460532		1039.8527







TDP	

-6.5401780530304672	-5.0916141945292672	-3.6430503360280677	-2.1944864775268682	-0.7459226190256687	0.70264123947553081	2.1512050979767303	3.5997689564779298	5.0483328149791298	6.4968966734803288	7.9454605319815279	1015.9701	1018.3984	1020.8189	1023.2369	1025.6312	1028.0237	1030.4074000000001	1032.7825	1035.1473000000001	1037.5048999999999	1039.8526999999999	







bxt4
Anexação de arquivo
VIVDamageSpreading.xlsm


