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(57) Abstract: Equipment for intercepting and diverting a liquid circulation flow, consisting of three flow chambers and a series of

valves, said chambers, equipped with connection means with arrival or supply lines, communicating with each other, of which only

one (I) communicates with both of the other two (II) (III), the communication between said chambers each being obtained by means
of at least two valves of which one is a flow-rate valve (Q) and at least one equalizer (E), each equalizer valve (E) being coupled,
upstream or downstream thereof, with fixed or adjustable flow- blocking devices (D), the two non- communicating chambers having
a valve (V) or a three-way valve in common, or one each, a one-way valve in counterposition, one being open when the other is
closed and vice versa, said valve (V) being coupled with a discharge valve (S).
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EQUIPMENT FOR INTERCEPTING AND DIVERTING A LIQUID CIRCULA-

TION FLOW

The present invention relates to equipment for 1inter-
cepting and diverting a 1liquid circulation flow and the
relative interception and diversion process.

This equipment can be used for exerting the function
of diverting for safety purposes, during the insertion of a
new drill string, the mud flow towards the device, called
E-CD, described in patent appiication IT-MI2005A001108 of
the same applicant, without influencing the Rig Pump Mani-
fold of the Rig Contractor which therefore maintains 1its
functional characteristics intact (it does not wear and 1is
not modified).

Ever since the beginning of drilling called “rotary
drilling” which dates back to over a century ago, which had
replaced the advance technique called “percussion” 1in use
at that time, introducing the novelty principle of the use
of drill rods for transmitting the rotary movement to the

bit (associated with the pumping of a fluid into the well
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through the same “battery” of rods), there has been the
problem of interrupting the pumping process every time 1t
was necessary to add a new rod to the battery, for drill-
1ng.

This time transitory, identified from the moment 1in
which the pumping of fluid into the well is interrupted to
the moment in which the pumping action into the well 1s re-
started, after adding a new single element to the battery
of rods, has always been considered a critical period. This
critical period remains until the condition existing at the
moment prior to the interruption of the pumping of fluid
into the well has been re-established.

Some of the undesired effects caused by the conven-
tional interruption of the fluid circulation in wells, dur-
ing the insertion and connection, or disconnection, process
of an element in a drill battery, are listed hereunder:

e there is a lack of dynamic pressure induced in the well
by the circulation and its effect conventionally defined
ECD (Egquivalent Circulating Density) diminilshes;

e the dynamic pressure induced at the well bottom 1is an-

nulled, favouring the potential entry of layer fluids 1in

the well (kick);

e when the circulation is restarted, after the rod has been

added using a conventional method, troublesome overloads

can be created of the more receptive formations, oOr po-
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tential circulation losses 1in the weaker formations;

e in high verticality wells the unobstructed and rapid fal-
ling of drill cuttings can cause "“mechanical blockage”
conditions of the drill battery (BHA);

e in the presence of wells with a high slope angle, 1n ex-
tended reach wells and in wells with a horizontal devel-
opment, the drill cuttings have sufficient time to de-
posit on the lower part of the hole;

¢ at the drilling restart, after the 1insertion of a new
rod, the bit is “compelled” to re-perforate the bed of
deposited cuttings at the well bottom, before being able
to reach the virgin formation once again.

As specified above, in patent application IT-
MI2005A001108, the same applicant claimed a device, called
E-CD, which allows the pumping and consequently the fluid
circulation 1n the well to be kept constantly active, dur-
ing all the operative steps, necessary for effecting the
addition of a new “single element” to the battery of rods,
which allows drilling to be effected to a greater depth.

With the same procedure, 1t 1s possible to effect the
reverse process, allowing the bit to be extracted without
interrupting the pumping of fluid into the well.

The key result which 1s obtained from this operative
opportunity offered by the device 1is the elimination (or

abatement) of all the critical aspects implied 1n the tra-
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ditional process for édding or subtracting rods from the
drill battery.

A description is provided hereunder of the E-CD device
and the process for the insertion of a new drill string al-
ready described in patent application IT-MI2005A001108
cited above.

The device for the insertion of a new drill string es-
sentially consists of a short body (C) in the form of a
pipe having, at its ends, means suitable for being screwed
onto drill rods, in which two valves are housed, of which
one (A) 1is radial to said short body, which can be 1inter-
cepted from the outside by means of an adapter and equipped
with an appropriate safety top, preferably pressure-sealed,
the other (B) axial to said body.

The result is a system of valves which allows direct
contact to be made with the fluid pumped 1into the well
through the drill battery, at any moment desired and 1n
both directions of the descending fluid (radially and axi-
ally) .

The short body of the device preferably has a length
ranging from 50 to 100 cm.

The wvalve (A), which is radial to the drill battery,
can be intercepted from the outside by means of a suiltable
adapter (for example a rapid connector), in turn. coupled

with a flexible pipe, whose function is to interconnect the
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device with the well pumping system (“Rig pump manifold”),
of the drill plant itself.

As a consequence, the valve (B) which is axial to the drill
battery and has characteristics of “bidirectional reactiv-
ity sensitivity” to the pressure to which it 1is subjected
(therefore sensitive to the flow state of the drill fluid
pumped into the well), in turn closes and opens direction-
ally with respect to the fluid.

Both the radial valve (A) and the axial valve (B) are
preferably butterfly valves, more preferably preloaded with
springs, which are closed when 1n stand-by.

In short, the configuration of the two wvalves housed
in a short body, as described so far, allows a flow of
drill fluid to be easily kept uninterrupted towards the
well, during all the operative steps necessary for effect-
ing the addition of a new "“single rod element” (or series
of rods) to the drill battery, which allows drilling to be
effected to a greater depth.

Apart from the conceptual and constructive simplicity,
one of the intrinsic advantages of the device described
above 1is that it can be immediately used by any drill
plant, without requiring heavy modifications to the hydrau-
lic circuit of the plant itself, or problems associated
with the “vertical spatiality” for the insertion of the

tool into the drill battery.
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The device can be used in any type of plant existing
in the world - with no exception - whether it be extremely
obsolete or completely modern, whether it be equipped with
the traditional “Rotary Table System” or more modern "“Top
Drive System”, in both onshore and offshore well drilling.

Higher operating pressures can obviously be obtailined
by selecting higher-quality single components, to assemble
the desired component.

There are numerous benefits deriving from the fact of
not interrupting the circulation, and they can vary each
time in relation to the type of well to which the procedure
is applied.

In any case, the benefit which 1s common to all types
of wells 1s the resulting constant pressure state on the
walls of the hole and at the well bottom, which provide
valuable intrinsic safety.

Let us examline 1in particular High Pressure and High
Temperature Wells (HPHT).

In this type of well, the fracturing gradient of the
formations penetrated, close to the mineralized rock (res-
ervolir), 1s generally close to the value of the pore gradi-
ent. For this reason, a careful control of the ECD (equiva-
lent circulating density) 1s compulsory to avoid circula-
tion losses and structural weakening of the formation it-

self.



10

15

20

25

CA 02677401 2009-08-04
WO 2008/095650 PCT/EP2008/000817

During interruptions in the circulation (necessary for
effecting a conventional connection), the ECD is annulled,
creating the ideal condition for the undesired entry of
state fluid into the well (influx).

The influx can come directly from the reservolir (pri-
mary porosity) or from induced microfractures; 1in any case
observation of the phenomenon (and the identification of
the condition necessary for a new connection) 1mplies a
waste of operative and consequently unproductive time.

The “uninterrupted circulation” by means of the device
described above, on the contrary, guarantees undisturbed
dynamic conditions, allowing the safe and immediate inser-
tion of a new rod, without any time losses.

Let us examine 1in particular the application for
drilling defined as under Balance/Close to Balance Drilling
(UBD) .

For Underbalance drilling (UBD) and its derivatives,
it is crucial to maintain a stable and controlled condition
of the pressure regime, distributed on the walls of the
hole as also on the well bottom.

The loss of this condition can jeopardize what has so
far been effected upstream for UBD drilling. The addition
of a rod to the drill battery is a particularly critical
moment; the use of the device described above eliminates

all critical aspects as soon as they arise, as it always
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guarantees undisturbed dynamic conditions, allowing the
safe and immediate insertion of a new rod, without any time
loss. The guarantee of maintaining a stable and constant
pressure regime on the walls of the hole and well bottom,
avoids the accumulation of gas cushions and “packs” of cut-
tings which would require non-productive time for eliminat-
ing them and re-establishing the stabilized conditions
prior to the interruption of the circulation. An error 1in
the running of this process leads to the risk of thwarting
the whole UBD well project, activating an undesired accl-
dental well killing.

An alternative to the use of the device can be to di-
rectly integrate the valve system forming the device itself
in the construction phase of the drill rod; this alterna-
tive allows the length of the combination (rod + device) to
be kept identical to that of a nude rod, should the neces-
sity arise.

In any case, composed lengths of drill rods equipped
with the device, will house the system at the head of any
length. An alternative to the device can therefore be a
drill rod essentially consisting of a pipe having suitable
threadings at the ends to be screwed onto other drill rods,
in which two valves are housed of which one (A) radial to

said pipe, which can be intercepted from the outside by

means of an adaptor and equipped with a suitable safety
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top, preferably pressure sealed, the other (B) axial to
sald pipe.

Both the radial valve (A) and the axial wvalve (B)
housed in the rod are preferably butterfly wvalves, more
preferably preloaded with springs, which are closed 1in
stand-by.

The process for the insertion of a new drill string
consists in using the devices described above or alterna-
tively the drill rods described above 1in which there are

radial and axial valves.

More specifically, this process preferably comprises
the following steps:

e intercepting from the outside and connecting by means of

suitable means to the pumping system of the drill plant,

the radial valve (A) of the short body or drill rod by

means of a suitable connector;

¢ voluntarily interrupting the flow of primary £fluad,

through the injection head, at the inlet in the drill
battery with the consequent passage of the flow only from
the radial valve (A) and with the consequent closing of

the axial valve (B) ;

e inserting a new drill string on the short body or drill

rod, coupled with another short body in which said valves

are housed or a new drill string containing a drill rod

in which said valves are housed:
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e re-establishing the flow of primary fluid with the conse-

quent opening of the axial valve (B) and consequent clos-
ing of the radial valve (A);

e disconnecting the connector and protecting the radial

valve (A) with a safety top;
e lowering the drill battery.

Lastly, the final result of the operative steps de-
scribed allows the insertion and connection process of an
element in a drill battery (single rod or length) to be ob-
tained, with a full flow-rate and without any interruption
of the continuity.

From what 1s indicated above the term E-CD device 1n
the present patent application comprises both the device
and the drill rods, 1in which radial and axial valves are
present, which form an alternative, claimed 1in patent ap-
plication ITMI2005A001108.

In order not to jeopardize the functionality of the
probe valves of the well pumping system (Rig pump manifold)
present on the drill plant during the use of the E-CD de-
vice, a new piece of equipment is now described for inter-
cepting and diverting a liquid circulation flow which ex-
erts the function of safely diverting the mud flow, during
the changing of rods, towards the E-CD valves, without 1n-
fluencing the Rig Pump Manifold of the Rig Contractor which

consequently maintains its functional characteristics in-
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tact.

The egquipment, object of the present invention, for

intercepting and diverting the 1liquid circulation flow,

called "E-C Manifold", comprising:

three flow chambers and a series of valves,

sald chambers, equipped with a connection device with arrival or supply
ines, communicating with each other, of which only a first flow chamber
communicates with both of a second flow chamber and a third flow chamber, the
communication between said first flow chamber and said second flow chamber
and the communication between said first flow chamber and said third flow
chamber each being obtained by at least two valves, of which one is a flow-rate
valve and at least one is an equalizer valve, an upstream or downstream of each
equalizer valve being coupled with a fixed or adjustable flow-blocking device, the
second and third flow chambers being two chambers that do not communicate
with each other and that include a three-way valve in common with each other, or
that include two one-way valves in counterposition with respect to each other,
one one-way valve being open when the other is closed and vice versa, said
three-way valve or said two one-way valves being coupled with a discharge
valve.

The flow-blocking devices (D) are preferably down-

stream of the equalizer valves.

The one-way valves in counterposition with respect to

each other or the three-way valve (V) can be optionally

coupled downstream with fixed or adjustable flow-blocking

devices (D).
The installation of the equipment according to the in-

vention does not require structural modifications to the

- 11 -
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drill plant. This equipment functions with compressed ailr
on each drill plant (the compressed air activates an ailr
motor which in turn entrains a hydraulic pump, thus gener-
ating a source of hydraulic oil fluid under pressure, which
in turn activates the valves).

The recommended use of a control board facilitates the
control of the various valves forming the equipment
claimed.

At the end of the operation with the E-CD device, the
equipment claimed is removed and the drill plant configura-
tion returns to its original state.

In high-pressure operations, where it 1s essential to
keep the well circulation pressure absolutely constant, an
implement to the standard configuration has been conceived,
which envisages the possibility of filling the “Top Drive
side” with a low-pressure fluid, before opening the valve
E, which equalizes the pressures between the chambers I and
II.

This function is important when adding a new length of
drill rod to the battery, as the length 1s screwed “empty”
onto the E-CD valve, in the well at the probe level. The
filling prior to the pressure equalization (effected by
opening the valve E;) eliminates the water hammer, avoids
subtracting a useful flow-rate of fluid directed into the

well, reduces the total time necessary for adding a new
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length of drill rods to the battery.

The hydraulic pistons which operate the valves receive
hydraulic energy from an oil pump, 1n turn fed by a com-
pressed air motor, which is activated for each use. The hy-
draulic energy can, in a future development, be supplied by
a hydraulic accumulation (nitrogen pressure cylinder, with
a separating membrane between nitrogen and hydraulic o1il)
which will allow numerous operations before having to be
recharged. Its recharging will be effected by means of a

pump/compressed air motor system, such as that currently

used.

A further object of the present invention relates to
the process for the insertion of a new drill string of a
well using an E-CD device, or essentially consisting of a
short body (C) having the form of a pipe or contained 1n
drill rods essentially consisting of a pipe, said body or
said pipe having, at its ends, threadings suitable for be-
ing screwed onto other drill rods and in which two valves
are housed, of which one (A) 1is radial to said body or
pipe, which can be intercepted from the outside by means of
an adapter and equipped with an appropriate safety top, the
other (B) axial to said body or pipe,
which is characterized in that is also uses the equipment

described above, which forms the main object of the inven-

tion.
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The process for the insertion of a new drill string
using the equipment described above comprises the following
steps:

e intercepting from the outside and connecting by means of
suitable means to the pumping system of the drill plant,
the radial valve (A) of the short body or drill rod Dby
means of a suitable connector;

e voluntarily interrupting the primary fluid flow, through
the injection head, at the inlet 1in the drill battery
with the consequent passage of the flow only from the ra-
dial valve (A) and with the consequent closing of the ax-

ial valve (B)

¢ inserting a new drill string on the short body or drill

rod, coupled with another short body in which said valves
are housed or a new drill string containing a drill rod
in which said valves are housed;

e re-establishing the flow of primary fluid with the conse-
quent opening of the axial valve (B) and consequent clos-
ing of the radial valve (A);

e disconnecting the connector and protecting the radial

valve (A) with a safety top;
¢ lowering the drill battery.
The process for intercepting and diverting the fluid
circulation flow coming from the plant pumps (Stand Pipe

Manifold or Rig Pump Manifold) preferably uses the follow-
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ing steps 1n sequence:

e “‘normal” circulation of said flow to the injection head
(Top Drive) by entry into the chamber (I) of said equipment
and exit from the chamber (II) connected with the line that
leads to the injection head (Top Drive), passing through
the open equalizer and flow-rate valves which put said
chambers (I) and (II) in communication with each other,
both the valves which allow communication between the cham-
bers (I) and (III) and the discharge valve or valves (S) of
the chambers (II) and (III) being closed;

e start of the “double” circulation of said flow to the 1in-
jection head (Top Drive) and E-CD device by entry into the
chamber (I) and exit from both the chamber (II) connected
to the line which leads to the injection head (Top Drive),
passing through the open equalizer and flow-rate valves
which put said chambers (I) and (II) in communication with
each other, and also from the chamber (III) connected to
the E-CD device passing through the open equalizer valve
which puts the chambers (I) and (III) in communication with
each other, both the flow-rate valve which allows communi-
cation between the chambers (I) and (III) and the discharge
valve or valves (S) of the chambers (II) and (III) being
closed;

¢ “double” circulation transitory of said flow to the in-

jection head (Top Drive) and to the E-CD device by entry
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into the chamber (I) and exit from both the chamber (II)
connected to the line which leads to the injection head
(Top Drive), passing through the open equalizer and flow-
rate valves which put said chambers (I) and (II) in commu-
nication with each other, and also from the chamber (III)
connected to the E-CD device passing through the open
equalizer flow-rate valves which put the chambers (I) and
(ITI) in communication with each other, the discharge valve
or valves (S) of the chambers (II) and (III) being closed;
e circulation of said flow only to the E-CD device by entry
into the chamber (I) and exit from the chamber (III) con-
nected to the E-CD device passing through the open equal-
izer and flow-rate valves which put said chambers (I) and
(ITII) in communication with each other, both the wvalves
which allow communication between the chambers (I) and (II)
and the discharge valve or valves (S) of the chambers (II)
and (III) being closed;

e circulation of said flow only to the E-CD device as 1n
the previous step and contemporaneous depressurization of
the chamber (II) effected by opening the discharge valve

(S) of the chamber (II);

e start of the “double” circulation of said flow to the 1in-
jection head (Top Drive) and E-CD device by entry into the

chamber (I) and exit from both the chamber (II) connected

to the line which leads to the injection head (Top Drive),
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passing through the open equalizer valve which puts said
chambers (I) and (II) in communication with each other, and
also from the chamber (III) connected to the E-CD device
passing through the equalizer and flow-rate valves which
put the chambers (I) and (III) in communication with each
other, both the flow-rate valve which allows communication
between the chambers (I) and (III) and the discharge valve
or valves (S) of the chambers (II) and (III) being closed;
¢ “double” circulation transitory of said flow to the 1in-
jection head (Top Drive) and to the E-CD device by entry
into the chamber (I) and exit from both the chamber (II)
connected to the line which leads to the 1injection head
(Top Drive), passing through the open equalizer and flow-
rate valves which put said chambers (I) and (II) 1n commu-
nication with each other, and also from the chamber (IIT)
connected to the E-CD device passing through the equalizer
and flow-rate valves which put the chambers (I) and (III)
in communication with each other, the discharge valve or
valves (S) of the chambers (II) and (III) being closed;

e re-establishment of the “normal” circulation of said flow
to the injection head (Top Drive) and contemporaneous de-
pressurization of the chamber (III) effected by opening the
discharge valve (S) of the chamber (III), by entry into the
chamber (I) of said equipment and exit from the chamber

(II) connected to the line which leads to the injection
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head (Top Drive), passing through the open equalizer and
flow-rate valves which put said chambers (I) and (II) in
communication with each other, the valves which allow com-
munication between the chambers (I) and (III) being closed.

A description 1s now provided of the E-CD device de-
scribed 1n the above-mentioned patent application IT-
MI2005A001108, with the help of figures 1, 2 and 3.

Figure 1 shows the E-CD device during the drilling
phase 1in which only the primary flow (F) axially passes
through the device.

Figure 2 shows the E-CD device during the drilling
phase in which the primary flow (F) is interrupted, whereas
the secondary flow enters the device radially.

Figure 3 shows the connection system of the E-CD de-

vice with the well pumping system.

The device in figure 1 has a pipe-shaped short body (C) which essentially
consists of a pipe in which two valves are housed of which one (A) is radial to
sald short body, closed with safety tap, and the other (B), open, is axial to the
short body.

Saild device 1is screwed to a traditional drill rod (P).
In figures 2 and 3 the same device has the axial wvalve
closed, whereas the radial valve 1is opened, intercepted

from the outside by means of an adapter, which can be a

fast connector 2, in turn coupled with a flexible pipe (F) (high pressure), whose
function is to interconnect the device 1 with the well pumping system 3 (Rig pump

manifold), of the drill plant itself.

- 18 -
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In order to effect the connection, 1.e. the addition
of a single rod (or a whole length of rods) to the drill
battery, without interrupting the pumping of the drill
fluid into the well, it 1is necessary to interrupt this pri-
mary flow with a particular strateqy, at the beginning of
the process, and simultaneously substitute it with an
equivalent flow, entering the battery of drill rods below

the segregation point of the flow, generated by the device.

This necessity 1s helped by the combination of the two
valves inside the device itself, suitably positioned axi-
ally and radially with respect to the drill battery.

Once the valve (A) radial to the drill battery has
been intercepted from the outside and connected to the

flexible pipe, and therefore to the whole well pumping sys-

tem of the drill plant (Rig pump manifold) 3, the drill fluid

at the inlet of the well can intercept two independent and
distinct flow runs, one axial and the other radial to the
drill battery.

By subsequently voluntarily interrupting the primary

fluid flow at the inlet of the drill battery, obtained by

closing the corresponding valve on the Rig pump manifold 3,

the valve "“B” of the device consequently closes and the

whole flow coming from the plant pumping system 1s com-

_19
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pelled to pass from the radial valve “A” of the device,
without any other direct intervention from the outside.

At this point of the process, the pressure segregated
upstream of the axial valve “B” of the device can be re-
leased at atmospheric pressure (for example, through the
discharge valve of the Rig pump manifold) obtaining the
condition necessary for safely effecting the connection of
a single rod (or a whole length of rods) in the drill bat-
tery.

Once the connection has been effected, the repetition
in an inverse order of the sequence, will re-establish the
flow towards the primary path, 1.e. through the valve “B”
of the device.

An embodiment of the present invention 1s now de-

scribed with the help of figures 4, 5 and 6.

Figure 4 shows the equipment called E-CD Manifold 4.

For intercepting and diverting a liquid circulation
flow, the equipment consists of three flow chambers (I)
(II) and (III) and a series of valves assembled on skids
and hydraulically activated.

Said chambers are equipped with connection means with

arrival lines 5 from the Pumps for the chamber (I) or supply lines 6 (to the Top
Drive for the chamber (II) and E-CD device for the chamber (I11).

Said chambers communicate with each other, but only

_20 -
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one (I) communicates with both of the others (II) (III): the
communication between the chambers (I) and (II) and (I) and
(ITI) are each effected by means of two valves of which one
is a flow-rate valve (Q) and one an equalizer valve (E) (Q:
and E, with the chamber (II) and Q; and E; with the chamber
(III)).

The equalizer valves E; and E; are coupled with fixed
or adjustable flow-blocking devices (D).

The two non-communicating chambers (II) and (III) have
a three-way valve (V) in common with each other, coupled
with a discharge valve (S).

Figure 5 shows the connection system of the E-CD de-

vice 4 with the well pumping system 3 with the help of the E-CD Manifold 1.

Figure 6 graphically shows the 1involvement of the
chambers (I), (II) and (III) and valves in managing the

drill fluid flow (mud), under pressure, in the run from the

Drill Plant Pumps to the Top Drive 8, alternatively in the run from the Drill Plant
Pumps to the E-CD valve 1, and in the transitories between the two runs.

a) "Normal"” circulation to the Top Drive 8: the fluid en-
ters the chamber (I) and leaves the chamber (II) pass-
ing through the valves Q, and E,.
The valves Q;, E; and S are closed.

The chamber (III) is not pressurized.
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Start of the "double" circulation to the Top Drive 8 and E-CD valve 1: the

valve E3 has been opened, the fluid prevalently enters the chamber (I)

and leaves the chamber (II); the pressurization is initiated of the chamber
(I11), which leads to the E-CD valve 1, which in the meantime has been

connected to the chamber (III) with the flexible pipe.

"Double" circulation transitory to the Top Drive 8 and E-CD valve 1: the

fluid enters the chamber (I) and simultaneously leaves both chambers (II)

and (I11), without distinction. The valves Q2, E2, Q3 and E3 are all open,

whereas the valve (S) Is closed.

Circulation to the E-CD valve 1 alone: the fluid enters the chamber (I) and
completely leaves the chamber (III). The chamber (II) is intercepted by the

valves Q2 and E2 which are closed; segregated pressure remains in its

interior. The valve (S) Is closed.

Circulation to the E-CD valve 1 alone and depressuriza-

tion of the chamber (II) effected by opening the
valve (8). (The three-way valve (V) 1is in a position
suitable for intercepting the chamber (II) and 1so-

lating (III)). When the operation has been completed,

it is possible to add a new length of rods which 1s

screwed above the E-CD valve.

Start of "double" circulation to the E-CD valve 1 and

Top Drive 8; the valve E9 has been opened, the fluid
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enters the chamber (I) and prevalently leaves the
chamber (III); the pressurization of the chamber
(II), which leads to the Top Drove (which 1in the
meantime has been screwed to the head of the new
length of rods, previously screwed above the E-CD
valve), 1s started through the wvalve E;: the wvalve

(S) is closed. The chambers (I) (II) (III) are pres-

surilzed.

g) "Double” circulation transitory to the E-CD valve 1 and
Top Drive 8. the fluid enters the chamber (I) and si-

multaneously leaves both chambers (II) and (III),
without distinction. The valves Q,, E,, Q3 and E; are
all open, whereas the valve (S) 1s closed.

The three-way valve (V) has been maneuvered into a
position which is suitable for intercepting the cham-
ber (III) and isolating the chamber (II) (This can be

effected also prior to step (f).

h) Re-establishment of the “normal” circulation to the

Top Drive 8: the fluid enters the chamber (I) and com-

pletely leaves the chamber (II). The chamber (III) 1is

intercepted by the valves Q; and E; which are closed.
Segregated pressure remains in 1its 1interior. The
valve (V) intercepts the chamber (III) and 1isolates

the chamber (II). The valve (S) is opened to dis-
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charge the pressure segregated in the chamber (III).

Return to step (a) and end of the operating sequence:
the drilling operation can now be re-established and will
continue until the length of rods, which has just been

added, has been entirely drilled.

A new E-CD valve 1is positioned at the head of the
length, as for all the lengths that are subsequently added,

and the sequence described 1s repeated.
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CLAIMS

1. Equipment for intercepting and diverting a fluid circulation flow, comprising:
three flow chambers and a series of valves,

said chambers, equipped with a connection device with arrival or supply
lines, communicating with each other, of which only a first flow chamber
communicates with both of a second flow chamber and a third flow
chamber, the communication between said first flow chamber and said
second flow chamber and the communication between said first flow
chamber and said third flow chamber each being obtained by at least two
valves, of which one is a flow-rate valve and at least one is an equalizer
valve, an upstream or downstream of each equalizer valve being coupled
with a fixed or adjustable flow-blocking device, the second and third flow
chambers being two chambers that do not communicate with each other
and that include a three-way valve in common with each other, or that
include two one-way valves in counterposition with respect to each other,
one one-way valve being open when the other is closed and vice versa,

said three-way valve or said two one-way valves being coupled with a

discharge valve.

2. The equipment according to claim 1, wherein each fixed or adjustable flow-

blocking device is downstream of one of the equalizer valves.

3. The equipment according to claim 1, wherein said two one-way valves in
counterposition with respect to each other or the three-way valve are coupled

downstream thereof with one or more additional fixed or adjustable flow-blocking

devices.
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4. The equipment according to claim 1, wherein the second flow chamber

includes a counter valve.

9. A process for the insertion of a new drill string of a well using an (Equivalent
Circulating Density) E-CD device that includes a short body in the form of a pipe
or that is contained in drill rods including a pipe, said body or said pipe having
threadings at ends suitable for being screwed onto other drill rods and housing
two valves, of which one valve is radial to said body or pipe and is interceptable
from the outside by an adapter and equipped with a suitable safety top, the other

valve being axial to said body or pipe, which comprises:

Intercepting and diverting a fluid circulation flow using the equipment

according to claim 1.

6. The process for the insertion of a new drill string according to claim 5, wherein

the intercepting and diverting the fluid circulation flow includes:

intercepting from the outside and connecting the radial valve of the short
body or drill rod to a pumping system of a drill plant, by a suitable

connector:;

voluntarily interrupting a flow of primary fluid, through an injection head, at

an inlet in a drill battery with a consequent passage of the flow only from

the radial valve and with a consequent closing of the axial valve;

iInserting a new drill string onto the short body or drill rod, coupled with
another short body In which valves are housed or a new drill string

containing a drill rod in which valves are housed;

re-establishing the flow of primary fluid with a consequent opening of the

axial valve and a consequent closing of the radial valve;
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disconnecting the suitable connector and protecting the radial valve with a

safety top;
lowering the drill battery; and

intercepting and diverting the fluid circulation flow from the pumping

system of the drill plant.

7. The process according to claim 5 wherein, in order to intercept and divert a
fluid circulation flow coming from a drill plant pumping system, which includes a
Stand Pipe Manifold or a Rig Pump Manifold, the following steps are effected in

sequence:

conducting "normal” circulation of said flow to an injection head by entry
into the first flow chamber and exit from the second flow chamber
connected with a line that leads to the injection head, passing through
open equalizer and flow-rate valves which put said first and second flow
chambers in communication with each other, both the equalizer and flow-
rate valves which allow communication between the first and third flow

chambers and the discharge valve or valves of the second and third flow

chambers being closed;

starting "double" circulation of said flow to the injection head and the E-CD
device by entry into the first flow chamber and exit from both the second
flow chamber connected to the line which leads to the injection head,
passing through the open equalizer and flow-rate valves which put said
first and second flow chambers in communication with each other, and
also from the third flow chamber connected to the E-CD device passing
through an open equalizer valve which puts the first and third flow

chambers in communication with each other, both the flow-rate valve

which allows communication between the first and third flow chambers and
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the discharge valve or valves of the second and third flow chambers being

closed:;

conducting "double” circulation transitory of said flow to the injection head
and to the E-CD device by entry into the first flow chamber and exit from
both the second flow chamber connected to the line which leads to the
Injection head, passing through the open equalizer and flow-rate valves
which put said first and second flow chambers in communication with each
other, and also from the third flow chamber connected to the E-CD device
passing through the open equalizer valve and an open flow-rate valve
which put the first and third flow chambers in communication with each
other, the discharge valve or valves of the second and third flow chambers

being closed;

conducting circulation of said flow only to the E-CD device by entry into the
first flow chamber and exit from the third flow chamber connected to the E-
CD device passing through the open equalizer and flow-rate valves which
put said first and third flow chambers in communication with each other,
both the valves which allow communication between the first and second

flow chambers and the discharge valve or valves of the second and third

flow chambers being closed;

conducting circulation of said flow only to the E-CD device as in the

previous conducting circulation step and  contemporaneous

depressurization of the second flow chamber effected by opening the

discharge valve of the second flow chamber;

starting "double” circulation of said flow to the injection head and the E-CD
device by entry into the first flow chamber and exit from both the second
flow chamber connected to the line which leads to the injection head,
passing through the open equalizer valve which puts said first and second

flow chambers in communication with each other, and also from the third
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flow chamber connected to the E-CD device passing through the equalizer
and flow-rate valves which put the first and third flow chambers In
communication with each other, both the flow-rate valve which allows
communication between the first and third flow chambers and the
discharge valve or valves of the second and third flow chambers being

closed;

conducting "double" circulation transitory of said flow to the injection head
and to the E-CD device by entry into the first flow chamber and exit from
both the second flow chamber connected to the line which leads to the
injection head, passing through the open equalizer and flow-rate valves
which put said first and second flow chambers in communication with each
other, and also from the third flow chamber connected to the E-CD device
passing through the equalizer and flow-rate valves which put the first and
third flow chambers in communication with each other, the discharge valve

or valves of the second and third flow chambers being closed;

conducting re-establishment of the "normal” circulation of said flow to the
injection head and contemporaneous depressurization of the third flow
chamber effected by opening the discharge valve of the third flow
chamber, by entry into the first flow chamber of said equipment and exit
from the second flow chamber connected to the line which leads to the
injection head, passing through the open equalizer and flow-rate valves
which put said first and second flow chambers in communication with each
other, the valves which allow communication between the first and third

flow chambers being closed.
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Use of E-CD valve with the help of the E-CD Manifold
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