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INTRODUCTION

• HPHT 18 ¾” Subsea Wellhead System 
designed and qualified per API 17TR8 
(HPHT Design Guidelines)

Design Approach

Challenges and lessons learned

Independent Third Party (I3P) Review 
Process



SYSTEM RATINGS
 20,000 psi

 0˚F - 350˚F 

 8,900,000 lb total casing weight

 2,700,000 lbf rated casing 
hanger running tool

 Up to 3,300,000 lbf rated casing 
hanger upthrust

 20,000 psi BOP testing

 10,000,000 ft-lbf bending

 Over 4,000,000 lbf tension

 10,000,000 lb compression



DESIGN PHILOSOPHY

 Design flowchart from API 17TR8 

 Detailed product specifications

 Failure Modes, Effects, and 
Criticality Analyses (FMECA’s)

 Increased level of analysis and 
testing



FAILURE MODES, EFFECTS, AND 
CRITICALITY ANALYSIS (FMECA)



FAILURE MODES, EFFECTS, AND 
CRITICALITY ANALYSIS (FMECA)



FAILURE MODES, EFFECTS, AND 
CRITICALITY ANALYSIS (FMECA)

Risk Evaluation Summary 1

Risk Evaluation Summary 2



COMPONENT DESIGN
Classical Engineering Calculations

Finite Element Analysis (FEA)
Extensive elastic-plastic analysis per 

ASME:BPVC Sec VIII, Div. 3
Global Plastic Collapse
Local Strain Limits
Ratcheting

 Fatigue Analysis
System
Components

Thermal Analysis



COMPONENT DESIGN

Example Load Cases
 Installation:

 Casing Weight
 BOP Test Loads (multiple 

tools)

 Operation:
 Internal Pressure
 Casing Weight
 External Pressure
 Upthrust
 Combined Loads  



SYSTEM DESIGN

Structural Analysis Objectives Fatigue Analysis Objectives

Document Capacities
 Bending Moment
 Tension
 Compression

Establish a baseline fatigue performance
 Example set of loads
 Example set of soil conditions
 Minimize risk during project specific 

analysis

Evaluate variables such as:
 Combined Loading
 Internal Pressure
 Wellhead System Preload
 Rigidity (cement level, casing program)

Evaluate variables such as:
 Casing Weight
 Wellhead System Preload
 Rigidity (cement level, casing program)



SYSTEM DESIGN: STRUCTURAL
 Generated from 15 different FEA 

models/load cases

 Little impact to capacity
 Cement Level
 System Preload

 Internal pressure slightly reduced 
capacity



SYSTEM DESIGN: FATIGUE
 Generated from 7 different FEA 

models/load cases

 Evaluated all hot spot locations 
for each load case

 Generated comparison graphs
 Free-Corrosion S-N Curve
 Cathodic Protection S-N Curve
 C1 S-N Curve for Welds

Baseline System Performance



QUALIFICATION TESTING
 API 17D Qualification Testing

 Seal Assemblies Qualified per API 6A, Annex F (PR2)
 API 17D Pressure & Load
 Function Tests

 Additional API 17TR8 Requirements
 FMECA Driven Test Examples

 Seal Assembly Testing:
 Extended Cycle
 Worst Case Discharge Simulation

 System Testing:
 Structural Bend Test
 Preload Loss



SYSTEM LEVEL TESTING 
 18,000,000 ft*lbf bending moment

 Preload loss curve established up to 
12,000,000 ft*lbf

 >100 DAQ channels used for 
instrumentation

 Strain Gages
 LVDT’s
 Inclinometers



ANNULUS SEAL ASSEMBLY (ASA) 
TESTING

 20,000 psi Bore x 15,000 psi Annulus, 0˚F-350˚F
 API 6A, Annex F, Section F.2.23 (PR2)
 200+ Hydrostatic Bore Extended Cycles
 200+ Hydrostatic Annulus Extended Cycles

 20,000 psi Bore x 11,000 psi Annulus, 0˚F-350˚F
 API 6A, Annex F, Section F.2.23 (PR2)
 200+ Hydrostatic Bore Extended Cycles
 200+ Hydrostatic Annulus Extended Cycles
 Worst Case Discharge Simulation

 Zero Leakage Criteria

 Two independent articles tested for repeatability



INDEPENDENT THIRD PARTY (I3P) 
REVIEW

 Required by BSEE for HPHT equipment

 Identify I3P company early

 Hold information sessions early

 Understand scope of review

 Schedule/Budget appropriately



INDEPENDENT THIRD PARTY (I3P) 
REVIEW

I3P Initial Document Review 
& Generate Findings Log

Manufacturer Answers 
Findings

Hold Technical Review 
between I3P, Mfg, End User

Close All Findings

Manufacturer Revises 
Documentation

Close Document

I3P Generates BSEE Report 
(1A-1G)

Manufacturer & End User 
Reviews BSEE Report

I3P report submitted to BSEE 
for “acceptance” or 

“approval”

Manufacturer Documentation I3P Documentation



CONCLUSIONS
 The 20,000 psi 350˚F HPHT Wellhead System is fully compliant to 

API 17TR8

 Design method included extensive elastic-plastic finite element 
analysis in accordance with ASME:BPVC Sec VIII, Div 3

 Failure Modes, Effects, and Criticality Analysis (FMECA) was a critical 
tool used in the development process

 Independent third party (I3P) review process was a substantial 
effort during the development that must be accounted for during 
the planning phase
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