IODP Borehole Re-entry Template

Introduction
The deployment of scientific instruments and experiments in subsea bore holes has always been problematic.  The development of “Corks” to provide a platform for down hole experimentation and sampling required the availability of a drill ship to install and service.  Once an experiment was installed in the bore hole it was unchangeable with out again using the drill ship to manipulate the well head.  At best, the use of submersibles and or ROV’s has been to recover samples and individual instruments from the exposed top portion of the cork. 
As part of the proposed Monterey Bore Hole Experiment in 2005, the Monterey Bay Aquarium Research Institute developed a series of modifications to the standard IODP Re-Entry Cone. These modifications would allow for ROV removal of the re-entry cone and direct access to the bore hole.  The design included the installation and exchange of experimental modules at the well head and deployment of instruments down the bore hole by the ROV.  
Existing Equip’ Description

The starting point for this project was the Reentry Cone, 3 DQ Hanger assembly, (IODP drawing # OH7006). This is the base template and re-entry cone assembly as it is deployed from the JOIDES Resolution (Fig. 1).  It is a field welded assembly consisting of the multipart base frame and the re-entry cone which is bolted in place.
The primary purpose of the base frame is to hang/support the DQ casing hangers to allow casing the hole.  I addition, the welded frame bridges any irregularities and washout in the sea bottom and supports the re-entry cone and its’ gussets.

The re-entry cone is an octagonal, eight piece cone shape of 3/8 plate. Assembled this cone is 82 ½ inches tall and weighs in at 4481 lbs.  All of this is assembled, welded and bolted in place on the drilling deck of the ship and then deployed on the end of the drill string.
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Figure 1 Original Re-Entry Cone
New Base Functional Requirements
All of the items listed below were part of the initial functional requirements.  This list comprised the mandatory items to allow drilling operations, the necessary items to accomplish ROV intervention in place, and the necessary hotel items to accomplish the known scientific goals and allow for future expansion of those goals.
· Matching footprint  dimensions
· Allow drill re-entry

· Sea floor height accommodation (sloughing drill cuttings)

· ROV serviceable parts
· Accommodate IODP Casing Hanger Manifold
· Accommodate a well head or casing seal (Manhole Cover / Packer)

· No required interfaces across the bottom

· Accommodate ROV heavy lift (winch) capability

Expanding on these functional requirements will provide a good description of the assembly and the advantages of its’ design.
Description (w/pictures)

Matching Horiz. Dim’s

To the greatest extent possible, the existing re-entry cone base parts were re-used for our design.  The Landing Ring (OH4722) is the one unchangeable item since that must mate to the casing hangers manufactured by DrillQuip.  The remaining frame needs to be strong enough to stand up to the drilling forces while maintaining the maximum outside dimensions of the original. The 3 DQ hanger frame sub-assembly, (OH7006) is a shop welded assembly in which we only moved the lifting eyes to eliminate their protruding above the surface of the plate (Chock Lifting Eye, MBARI 1002714-001).  The box beams (OH7022) and extension beams (OH7070) are simply modified pre-existing parts for which it was only necessary to revise the original drawings.  The entire design maintains the field weldable features of the original, to allow the same shipboard assembly on the drill deck.  
The sides and ends of the frame are faired with skirt plates, (MBARI 1002714-004,005) these are welded in place to aid in trawl resistance against the ground chains of a bottom trawl. In deep water or other bottom locations which are not subject to bottom trawling these skirt plates would be unnecessary.

Allow drill re-entry
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Some form of entry cone must be provided to allow for re-entry of the drill string during drilling.  THIS ENTRY CONE MUST BE REMOVABLE and it must be removed by either the drill ship or subsequently by an ROV.

Eliminating the original re-entry cone from the design was necessitated by its’ weight.  At almost forty five hundred pounds it is not ROV manageable. Most manipulators are limited to little more than one hundred pounds and thruster forces are generally only in the several hundred pound range.  Any new cone design must meet this 100+ pound wet weight limit or provide some other means of removal to allow direct access to the hole, which in this case was a science requirement.

Since a re-entry cone was deemed necessary, the engineering requirement was to make it as small as possible to fit the dimensions of the mud skirt base and consistent with a “Trawl Resistant” shape.  The re-entry cone and cover assembly evolved into a pyramidal shape that was trawl 
resistant and protected the mud skirt from being buried by the drill cuttings from the hole.  Constructed in three parts, the Re-entry Cone / Cover Assembly (MBARI 1002722) module is to be field assembled on the drill deck of the ship and mated to the mud skirt.  The modified, smaller, cone still provides for re-entry of the drill string to the hole.  The entire rest of the “trawl resistant” frame is a crushable structure whose sole purpose is to keep drill cuttings off the template base.  This entire assembly bolts in place on the mud skirt frame in such a way that it can be unbolted with a hydraulic nut runner operated by the ROV. The recessed pockets provide the reaction surface for the nut runner.  Once the four bolts are removed, the assembly weights 124 lbs. in water and bar stock handles are provided for the manipulators allowing it to be lifted and removed.  Once this is done, the mud skirt is simply a flat steel plate platform with a 25.25 inch hole in the center. 
For the planned scientific holes, in Monterey Bay, the cuttings would constitute approximately 90 cubic meters of material, and this would effectively bury the entire mud skirt should any significant amount of those cuttings settle back around the hole. The cover would then provide a sloped surface to distribute the cuttings around the edge of the mud skirt and limit the amount of suctioning to be done by the ROV to expose the mud skirt surface. 
Sea floor height accommodation 

At the start of the drilling operation, the drill ship jets the mud skirt/casing assembly into place. This locates the base as close to the sea floor as possible, but this leaves the possibility that the base may be a meter or more above the sea floor. Holes in the mud skirt deck plate and skirt plates are placed around the edges to accommodate cut fiberglass grating to cover those voids and provide working (parking) surface for the ROV. These plates would be transported by elevator to the bottom, manipulated into place and pinned by the ROV.  Since they will be fiberglass, they can be saw cut to size to accommodate the variable height of the mud skirt frame.
ROV Serviceable
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Everything to be removed or attached to the mud skirt must be ROV serviceable.  The Mud Skirt Mating Plates are the deck plates of the casing hanger frame (MBARI 1002723, 1002724).  They must be designed to allow installation and removal of scientific packages with the ROV using a single manipulator. These ROV manipulated parts would include: the re-entry cone/cover assembly, cover skirts, manhole cover/packer assemblies, and experiment modules.  Fluid sampling connections and any 
down-hole instrumentation must be manipulatable by the ROV as well.

The surface of the mud skirt consists of three pieces of ½ inch plate with spacer blocks beneath to provide a roughly flat surface for the ROV or science modules to sit on. A pattern of 1 ¼ -7 UNC threaded fittings allow bolting or pinning of any scientific packages to the mud skirt. Large modules/frames can be transported by the ROV and indexed against the template with pins that match the recessed fittings also provided in the mud skirt plate surface.  This will allow the ROV to place the package on the plates and have the package/module be self-indexing against the mud skirt even in limited visibility.  These three plates are held in place with a bolted indexing gauge (MBARI 1002714-002) to maintain alignment of the pin holes during field weldment, and this indexing gauge is then removed.  
There are three bolt patterns on the mud skirt surface designed to accommodate as many as three separate modules.  At least one of these modules would be directly over the bore hole.  The other two would be on directly opposite sides, and be close enough to the hole to allow fluid and electrical connections into the hole and or the casing hanger manifold.  The current design of the modules (MBARI 1002711, 100xxxx) has sloping sides, to match the side skirt plates, making them “trawl resistant” and those sides are hinged to allow manipulator access to the interior of each module.  The hinges of each panel are on the bottom edge such that in the open position, the panel provides a working surface for the ROV to sit on and limit the amount of bottom sediment disturbed by the operation.  Syntactic foam blocks are included to offset the in-water weight of the frame and any attached instrumentation to meet the maximum in-water weight limit on the manipulator of one hundred pounds.  These modules (Fig. xx), are simply examples of what should work.  Any shape module, given a matching bolt pattern, would work as well. 
A central bolt pattern provides a circular bolt pattern around the bore hole for “manhole covers” and instrument attachment co-axial with the hole.

All the threaded connections on the mud skirt have 1 ¼-7 UNC threads.  These are recessed 2 inches to allow for manipulator placement of the bolts and be self aligning making it impossible to cross thread the bolt during installation.

Accommodate Casing Hanger Manifold

Accommodating a Casing Hanger Manifold is a science driven requirement to use a previously designed casing hanger/manifold combined assembly for removing fluids from sealed sections of the cased bore hole at different levels 
The 10.75 inch casing hanger manifold is an IODP designed hanger with drillings through the body side wall that can be sealed with tubing and quick connect fittings to allow fluid sampling at four previously fixed levels.  This is a modified version of the IODP manifold hanger that will allow drill re-entry of the bore hole. Each level will be screened with a standard wire wrapped screen module and connected to ¼ inch S.S. tubing. These are passed through an umbilical up along the outer side of the 10.75 inch casing and connect to and thru the manifold to quick connect fittings recessed on the outer diameter of the manifold.  These quick connects are compatible with the ROV manipulator and can be connected and disconnected in place on the mud skirt. 
Figure 5 ROV Serviced Science Module

Accommodate Well Head Seal (Manhole Cover / Packer)

Sealing the well head is required to keep raw sea water and debris out of the hole, and/or isolate pore water in the hole. Once the drill ship is finished, they leave behind an open hole.  As we have planned it, the ROV would then place a cover over the hole, simply covering the open casing hanger to keep detritus from entering. Alternately, covering the 10.75 inch casing hanger/manifold (Fig 4) with a pressure tight cover/packer assembly would seal the hole for later sampling and experimentation.  In this second case, the cover would be connected with a system of down-hole packers or plugs to seal the 10.75 inch casing at predetermined levels.  This system would have to be put in place by the ROV and the packers/plugs, filled/operated to complete the seal from above the manhole cover. The packer/plug would have to be pressure rated to accommodate the possibly high e.i., (50-80 bar) over-pressures in the bore hole, and provide for a pressure relief valve to equalize the pressure when it is time to remove the cover.
No required interfaces across the bottom

This part of the initial design requirements was to assure that the mud skirt re-entry cone assembly would be a “stand alone” system that would allow use any where, at any depth and not require connection to a submarine cable or other support systems.  Thus scientific modules could be attached to the template and sensors supported in the hole as independent experiments, without requiring outside connections to function.

Accommodate ROV heavy lift (winch) capability

At some point in the future, it will be necessary for the ROV to provide winching services for inserting and removing heavy scientific instruments in and out of the bore hole.  This may require skids, chocks, or pins to secure the vehicle for this work.

Direct access over the hole will be required, with a clear, smooth surface for the ROV to work on.  This has been accommodated by surfacing the mud skirt with ½ inch plate, and using the same series of threaded and recessed fittings used to fix instrument modules, covers, etc.  It would however, require the removal of all instrument frames and modules attached to the mud skirt. This should allow the fixturing or bolting of skids and chocks to lock the vehicle in place for this kind of work.  
In order to accommodate the use of heavy i.e., greater than one hundred pound instrument packages, MBARI has developed a manipulatable latch that can be attached to a winch line for lifting heavy load or large packages each of our scientific modules would be equipped with the mating stab.  Allowing the ROV to place and recover a module of almost any shape that could be place on the mud skirt.
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