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Introduction
FMC is proud to present its High Capacity 18 ¾” – 20,000 psi Wellhead System (HC-20 WHS). This system is the result of a 4-year development, and builds upon FMC’s field proven technology and utilizes our industry leading innovation. The system gives our customers the equipment and technology to drill in the most demanding environments in the subsea oil field.

The HC-20 WHS is engineered to meet the demands of high pressure, high temperature, ultra deep water, and increased well depth applications. The Wellhead Housing features an SHD H4 profile for increased bending capacity for deep water applications. With full metal-to-metal sealing between the Wellhead Housing and Casing Hangers, this system can be used for 20,000 psi applications with production fluid temperatures up to 350°F. The HC-20 WHS also provides the capability to install a 2.0 M lbs submudline casing string (16”) and two (2) separate 2.0 M lbs casing strings within the Wellhead Housing. All new tools for the system utilize existing design features and field proven functionality, providing increased reliability and seamless interchangeability at the rig floor.

Major Components and Features
The HC-20 WHS features a Low Pressure Housing which has a 1.0 M lbs casing weight capacity and provides the landing point for the Wellhead Housing. This housing also incorporates a locking profile for the HC Rigid Lock Seal Assembly, which rigidizes the Wellhead Housing to the Low Pressure Housing. The housing has the ability to weld 42”, 38”, or 36” casing directly to the housing. Additionally, the system features an optional shallow water flow (SWF) receptacle, which can be welded directly to the Low Pressure Housing.

The SWF receptacle provides a landing shoulder for up to two (2) SWF casing strings (32” and/or 28”). This receptacle allows the option to run one or both strings. The 32” and 28” SWF Housings are both rated to 1.0 M lbs casing weight capacity and 1,000 psi working pressure. The butt weld prep at the bottom of the receptacle can accommodate 38” casing, and 36” casing if the 32” string is not run.

The Wellhead Housing is rated for 20,000 psi working pressure, with a 30,000 psi shell test at FAT. The top of the housing is fitted with an SHD H4 profile, and the bottom is available with BW preps ranging from 22”-24” OD. When landing in the Low Pressure Housing the Wellhead Housing features two-point centralization, with a centralization ring set deep into the Low Pressure Housing for increased support. The HC-20 WHS features an HC Rigid Lock Seal Assembly, which rigidizes the Wellhead Housing to the Low Pressure Housing with over 2.0 M lbs of preload extending the fatigue life of the system. The HC-20 WHS has the ability to suspend two (2) casing strings within the Wellhead Housing, with two (2) sets of high strength seat segments along the ID profile. Each set of seat segments independently supports the casing weight and BOP pressure end load of that casing string. The first position seat segments are rated to support the combined load of 2.0 M lbs casing weight and a 15,000 psi BOP pressure test. The second position seat segments are rated to support the combined load of 2.0 M lbs casing weight and a 20,000 psi BOP pressure test. The Wellhead Housing also features milled flow-by slots around the first position seat segments which makes possible the option of landing the 16” casing string in the Wellhead Housing. Recessed seal surfaces and lockdown grooves are in place for the Annulus Seal Assemblies in each position. For additional lockdown capacity on the second position (production) casing string, dedicated grooves are present for the HC Lockdown Bushing.

The HC-20 WHS features FMC’s standard 18” Submudline System. The receptacle for this system is run in-line with the Wellhead Housing casing string and can be welded at any point below the Wellhead Housing. The 18” system has a casing weight capacity of 1.0 M lbs with 5,000 psi rated working pressure or 6,500 psi with a limited casing weight capacity. The 18” Submudline System utilizes an active receptacle and solid body casing hanger, while the 16” Submudline System utilizes a solid body receptacle and an active casing hanger. This ensures that the 18” casing hanger can never be set in the 16” receptacle.

For the HC-20 WHS, a new 16” Submudline System was designed which increases the casing weight capacity and rated working pressure to 2.0 M lbs and 10,000 psi, respectively. In order to reach this rated working pressure, the casing between the Wellhead Housing and 16” receptacle must also be able to handle that pressure. With this in mind the 16” receptacle was designed with the ability to cut 22”x1.5” or 23”x1.5” butt weld preps on top. The bottom comes standard with a 22”x1.0” butt weld prep, which allows the receptacle to be used as a swage down to 22” OD casing below the 16” system where the increased pressure capacity is not required. The 16” Submudline Single Trip Tool (casing hanger running tool) has been designed to allow for a 10% over-pull when necessary.

Both casing hangers inside the Wellhead Housing feature active landing mechanisms, which interface with the seat segments. The hangers also feature separate sealing profiles for the primary and emergency annulus seal assemblies, and incorporate two-point centralization with the Wellhead Housing. The first position Casing Hanger can accommodate a 16” or 13 ⅜” casing string, and is rated to 2.0 M lbs casing weight with 15,000 psi working pressure. The second position Casing Hanger can accommodate a range of casing sizes from 11 ¾” down to 9 ⅝”, and is rated to 2.0 M lbs casing weight with 20,000 psi working pressure. The first position hanger triggers off of an internal profile machined into the wellhead housing to activate the landing mechanism, while the second hanger triggers off the first position annulus seal assembly. This eliminates the possibility of setting the first position casing hanger in the second position seat segments. Like the 16” Submudline Single Trip Tool, the 18 ¾” Single Trip Tool (casing hanger running tool) for both Wellhead Housing hangers was designed to allow for 10% over-pull when necessary.

The HC-20 WHS features a newly designed Metal-to-Metal Annulus Seal Assembly that is backwards compatible with the UWD-15 Wellhead Systems, and shares components with FMC’s standard 15K seal. The seal is used in both the first and second positions within the Wellhead Housing and seals on the recessed sealing surfaces along the ID profile of the Wellhead Housing. It also engages the Wellhead Housing with a lockdown ring to provide 1.5 M lbs of lockdown capacity for the casing hangers. The seal is rated for 20,000 psi bore pressure (top side) and 15,000 psi annulus pressure (bottom side) from 0°F – 350°F. Additionally, the seal utilizes features which push drilling solids out of the sealing areas. FMC also offers a 20,000 psi emergency annulus seal assembly, which functions in exactly the same manner as the metal-to-metal seal, but uses elastomer seal elements interfacing with surfaces just above the metal seal surfaces.

The HC-20 WHS also has the option to run a Lockdown Bushing (LDB) which provides 3.2 M lbs of lockdown capacity on the second position casing hanger to resist expansion due to thermal effects. This LDB is run open water for reliable installation.

Specialty Tooling

In addition to developing the permanently installed components, FMC also developed two specialty tools to address the problem of drilling with only 15,000 psi – 18 ¾” BOPs available.

The first tool developed is the Isolation Test Tool. This tool is used to test the second position annulus seal assembly to 20,000 psi while isolating the BOP from the test pressure. This allows a test to be performed to verify the integrity of the seal to 20,000 psi, even though an 18 ¾” – 20,000 psi BOP is not available on the market. The tool operates in a straight-in/straight-out of hole fashion, requiring no turns to operate. Upon land out on top of the second position casing hanger, the tool is functioned by drill string weight alone. It is locked into the wellhead housing by locking dogs employing a field proven flat-to-flat design, and simultaneously sets a seal to create a pressure cavity between the annulus seal assembly and the top of the wellhead housing. At this point, pressure is applied through the drill string, through ports in the tool, allowing a pressure test of the seal to 20,000 psi. 

The 13 ⅝” BOP Test Tool and Wear Bushing have been designed to facilitate using a 20,000 psi rated 13 ⅝” surface or subsea BOP to perform completions drilling operations. The 13 ⅝” x 11 ¾” Wear Bushing drifts thru the 13 ⅝” BOP and protects the sealing surfaces on the ID of the production casing hanger. The 13 ⅝” BOP Test Tool lands in the Wear Bushing or the Casing Hanger to perform BOP test operations. The Tool and Wear Bushing are qualified to perform 20,000 psi BOP tests. The 13 ⅝” BOP Test Tool is used to run and retrieve the 13 ⅝” x 11 ¾” Wear Bushing and can perform BOP tests with Wear Bushing installed.

Development and Design Methodology
The design methodology, analysis, and testing of the HC-20 WHS all meet the requirements and recommendations specified in API Spec 6A, API Spec 17D, and ISO 13628-7. All classical calculations were completed using conservative stress allowables, along with detailed finite element analysis (FEA) of each component mimicking actual field loading conditions. Additionally, thermal and fatigue life studies were performed on this system.

All designs in this system were tested to their field loads and beyond as part of the qualification process. The testing program included load testing all running tools to their rated values, and performing combined load tests (casing weight + BOP pressure/casing weight + internal pressure) on all casing hangers. Additionally, the lockdown bushing was tested to its rated lockdown capacity, and all tooling was successfully function and pressure tested to 20,000 psi where applicable. The HC Rigid Lock Seal Assembly (RLSA) was functioned, and tested in a bending fixture which allowed the Low Pressure Housing, Wellhead Housing and RLSA to be tested as an assembly to 4.0 M lbs tension and in excess of 8.5 M ft-lbs bending.

Qualification of the Metal-to-Metal Annulus Seal Assembly required understanding how temperature and pressure independently affect a seal’s pressure integrity. After 3 years of prototype seal development and testing, the 20K seal was PR2 qualified using a nitrogen gas medium to 20,000 psi bore pressure and 15,000 psi annulus pressure from 0°F to 350°F per API 6A, Annex F.

A reliability assurance program (RAP) plan was created and followed throughout the development of the system. As a part of this plan, Failure Modes, Effects and Criticality Analyses (FMECAs) were completed on all critical and newly designed components and tooling, and a HazID workshop was conducted to ensure safety of the system. Also, the entire supply chain was qualified for the system and all critical components were monitored from raw material to final assembly. All components in the system were designed to be manufactured out of standard, non-exotic materials, which reduces the risk of problems within the supply chain.

Conclusion

In conclusion, FMC’s High Capacity 18 ¾” – 20,000 psi Wellhead System has been developed, qualified, and is ready for installation. Our customers are embracing this new technology to develop wells which require 2.0 M lbs casing strings and 20,000 psi working pressures. This system is also opening the possibilities to develop previously unreachable fields, such as the lower tertiary zone of the Gulf of Mexico. FMC looks forward to building on this success and helping our customers realize their goals today and in the future.

[image: image1.emf]
