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(57) Abstract: The plug in, re-useable field-attachable wellhead penetrator

Fig. 1

provides an economic means of attachment of continuous electrical conductors
through a wellhead. A rubber seal and non-ferromagnetic guide are retained on
the upper end of the mandrel allowing the conductors extending there through to
be connected to electrical sockets then inserted in an insulating block. Epoxy can
be used within the mandrel and is easily removed because the inner diameter of
the mandrel is coated with tetrafluoroethylene or other slick coatings.
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REUSABLE FIELD-ATTACHABLE WELLHEAD PENETRATOR
AND METHOD OF ASSEMBLY AND USE

Field of Invention

The present application relates to a wellhead penetrator allowing the transmission
of electrical energy though a wellhead to supply an electric submersible pump, or to heat
mineral insulated cable within the wellbore. More specifically, this application describes a
sealed wellhead penetrator which may be reused while remaining capable of use on any
number of existing wellhead penetrator mandrels currently on the market.
Background of the Invention

The delivery of electrical service within a well creates a variety of problems. Ideally,
the conductors coming from the electrical submersible pump (ESP) should continue
through the wellhead to a surface power supply or junction. Utilizing splices of electrical
cables within the wellbore often leads to disastrous short circuits because of the effect of
vapors on the splice materials. The present invention allows a continuous cable run
through a wellhead and provides a seal to the mandrel penetrating wellhead. Any number
of existing mandrel penetrators may be retrofitted and reused for this purpose. This low-
cost alternative to existing penetrator systems is therefore useful and provides a means of
rapidly providing a new electrical connection for ESP or heater cable installations for the
oil fields of the world.
Summary of the Claimed Invention

The wellhead penetrator system described in this application comprises a tubular
mandrel insertable in a wellhead providing threads on an upper end extending from the

wellhead permitting the passage of a plurality of electrical conductors used to power a
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electric submersible pump or a mineral insulated heater cable through the wellhead. A
plug-in wellhead penetrator system can comprise a plurality of electrical conductors
extending through a wellhead; means for attaching each electrical conductor to a surface
cable electrical conductor; and, means for connecting a sealed electrical conductor non-
conductive protective sleeve enclosing the electrical conductors extending from the well to
the surface electrical conductors.

This system specifically features an insertable tubular mandrel in a wellhead
providing threads on an upper end extending from the wellhead allowing the passage of a
plurality of electrical conductors used to power an ESP through the wellhead; a rubber seal
enclosing each of the electrical conductors inserted in the upper end of the mandrel; a non-
ferromagnetic guide enclosing each of the electrical conductors extending from the rubber
seal within the upper end of the tubular mandrel; an offset coupling attached to the upper
end of the tubular mandrel having an internal shoulder compressing the non-ferromagnetic
guide and providing internal threads to attach to the mandrel and tapered internal threads
on an upper end of an offset connector; a housing having tapered outer threads for
connection to the offset coupling; a polymeric insulator block providing a least three
internal paths inserted in the housing; and, a transition collar lock nut for retaining the
polymeric insulator block and a transition cable connection providing a bottom ring for
locking the transition cable connection within the housing.

The housing of the wellhead penetrator system can be vented. The offset coupling
can be angled at 10°, 45° or 90° to permit clearance of the wellhead and flanges located on

the wellhead. Moreover, the tubular mandrel can be internally-coated with
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tetrafluorcethylene or other slick compeonents to allow the mandrel to be cleaned of epoxy
or other materials used to complete the seal.

The wellhead penetrator system can be assembled using epoxy packed between the
non-ferromagnetic guide and the rubber seal. Alternatively, epoxy can be packed around an
armored cable inserted into the tubular mandrel and the stripped ends of the conductors
extending from the armored cable to the rubber seal.

The present application also claims a method for installation of a plug in, re-useable,
field available, wellhead penetrator by fabricating a pigtail from an ESP cable into a cable
transition body and attaching it to conductors extending from the wellhead by: stripping an
armored cable exposing the plurality of insulated conductors; attaching sockets to the end
of the conductors; affixing the socketed conductors extending through the transition collar
to the electrical conductors extending from the well head; and moving the insulator block,
which can be composed of tetrafluoroethylene, polyether ether ketone (PEEK], or
polvoxymethylene, or other suitable substitutes to cover each of the connectors; and
locking the insulator block within the housing by screwing the transition collar lock-nut
onto the housing.

Brief Description of the Drawings

Fig. 1is a cross-sectional view of one embodiment of the plug in, re-usable wellhead
penetrator.

Description of the Apparatus

Fig. 1 shows a cross-sectional view of one embodiment of the claimed invention. An
ESP cable 23, which can be either round or flat metal clad CLX cable, is preferably

continuous from the ESP in the wellbore and is inserted into the down-hole side of a
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wellhead mandrel 16. The wellhead mandrel 16 provides threads onto which is affixed a
connection nipple 6 at the surface. The armored cable 23 is pre-stripped from each
electrical conductor 19 (only two of the three normally found are shown in this view) in a
length approximately one-half of the length of the mandrel 16. Each leg of the three
electrical conductors 19 is fed through a compressible rubber seal 10 fabricated from
ethylene propylene diene monomer (EPDM), and inserted in a non-ferromagnetic guide 17.
The non-ferromagnetic guide 17 of this embodiment is made of brass coated with
electroless nickel plating. An epoxy 18 is packed around each leg of the conductors 19
before they enter the rubber seal 10 and between the rubber seal 10 and the non-
ferromagnetic guide 17. Additionally, the are a plurality of O-rings 45 to seal against the
wellhead on the outside of the mandrel 16. The adapter nut or connection nipple 6 can be
no larger than the outer diameter of the mandrel 16 itself. Epoxy 18 can be applied on the
upper interior end of the mandrel. Epoxy 18 may be placed on each side of the rubber seal
10 or just on the down hole side of the rubber seal 10. The non-ferromagnetic guide 17 is
inserted on the interior of the mandrel 16 and retained there by offset coupling or
connection nipple 6. Alternatively, a mandrel lock nut could be screwed onto the threads
shown on the mandrel 16. The alternative placement of epoxy 18 on the interior of the
mandrel covering both the end of the armored ESP cable supports the extending conductor
coming through the armored cable 23 and the rubber seal 10 from rapid decompression.
Since the interior of mandrel 16 is intended to be coated with tetraflucroethylene or other
slick components, epoxy 18 can be readily removed from the mandrel 16 allowing its reuse

as a wellhead penetrator. The entire assembly can also be packed with DC-4 or DC-11
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silicone compound (both insulating products of Dow Corning) adding to the ease of
removal while maintaining an insulated passage for the conductors through the wellhead.

Outside the wellhead, a surface cable 24 is inserted through a transition collar 1 and
stripped of armoring. The armor-stripped surface conductors 244, are further stripped of
insulation and inserted into sockets 7. The field-fabricated pigtail 20 can be fashioned
from either flat or round ESP cable or CLX cable as available. For flat cable, the F-T-R (flat to
round) transition collar 1 is packed with epoxy 18 providing a secure and insulated
connection. Sockets 7 installed on the pig-tail conductors 24a coming through the
transition collar 1 can be either attached with set screws 15 or crimped on the stripped
ends of each conductor.

Each leg of the conductor 19 extending through the wellhead mandrel 16 is then
inserted through a threaded nipple 13 which in turn is threadably attached to the wellhead
nipple 6 on the wellhead side and through a union assembly 12 compressed against a
second threaded nipple 13. An elbow 11 of the needed degree depending on the wellhead
clearance is then threaded onto the union assembly 12.

In the embodiment shown the electrical conductors 19 extending through the
wellhead are inserted through an EPDM spacer 2 and into tubes 8, carried within the
insulator housing 4 restrained at its bottom by the vented insulator housing adapter 5.
Each of the insulated electrical conductors 19 extending through the wellhead (not shown
in this view) is then stripped and an EDC connector pin 14 is attached to the stripped
conductor 19 with set screws 15. The installer will then insert the pins 14 into the

prepared pigtail connectors 7 and move each into the insulator block or sleeve 3.
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The vented insulator housing adapter 5 is threaded to the elbow. The sockets 7 are
then covered by insulator block 3. The transition collar 1 also provides a shoulder 21 that
is formed by welding to a standard transition collar. A transition collar lock nut 22 is then
threaded on the housing 4 retaining the conductors 24a and insulator 3. The housing 4 is
further sealed to the elements by a vent hood 30 capping the vented insulator housing
adapter 5. Vent holes can be formed anywhere above the cable seal 10 to permit gas
coming through the mandrel system to prevent migration down the surface cable 24.

Tightening the transition cable to housing lock nut 22 completes the installation.
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Claims
1. A plug-in wellhead penetrator system comprising:
a plurality of electrical conductors extending through a wellhead;
means for attaching each electrical conductor to a surface cable electrical conductor;
5 and,
a sealed non-conductive electrical conductor protective sleeve providing means for
connecting the enclosed plurality of electrical conductors extending from the well to the
surface electrical conductors.
2. A wellhead penetrator system comprising:

10  atubular mandrel insertable in a wellhead providing threads on an upper end extending
from the wellhead permitting the passage of a plurality of electrical conductors used to
power an electric submersible pump through the wellhead;

arubber seal enclosing each of the electrical conductors inserted in the upper end of the
mandrel;

15 anon-ferromagnetic guide enclosing each of the electrical conductors extending from the
rubber seal within the upper end of the tubular mandrel;

an offset coupling attached to the upper end of the tubular mandrel having an internal
shoulder compressing the non-ferromagnetic guide and providing internal threads to
attach to the mandrel and tapered internal threads on an upper end of an offset

20 connector;

a housing having tapered outer threads for connection to the offset coupling;
a polymeric insulator block providing a least three internal paths inserted in the housing;

and,
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a transition collar lock nut for retaining the polymeric insulator block and a transition cable

connection providing a bottom ring for locking the transition cable connection within

the housing.

3.

4.

The wellhead penetrator system of claim 2 wherein the housing is vented.

The wellhead penetrator system of claim 2 wherein the offset coupling is angled at
45°.

The wellhead penetrator system of claim 2 wherein the offset coupling is angled at
90°.

The wellhead penetrator system of claim 2 wherein the offset coupling is angled at
10°.

The wellhead penetrator system of claim 2 wherein the tubular mandrel is
internally coated with tetrafluoroethylene.

The wellhead penetrator system of claim 2 further comprising epoxy packed
between the non-ferromagnetic guide and the rubber seal.

The wellhead penetrator system of claim 7 further comprising epoxy packed around
an armored cable inserted into the tubular mandrel and the stripped ends of the

conductors extending from the armored cable to the rubber seal.

10. A method for installation of a re-useable, field available, wellhead penetrator by

fabricating a pigtail from ESP cable into a cable transition body and attaching it to

conductors extending the wellhead comprising:

stripping an armored cable exposing the plurality of insulated conductors;

attaching sockets to the end of the conductors;
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affixing the socketed conductors extending through a transition collar to the electrical
conductors extending from the well head;

moving a tetrafluoroethylene insulator block to cover each of the connectors;

locking the insulator block within the housing by screwing the transition collar lock-nut

onto the housing.
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Fig. 1
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