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METHOD AND APPARATUS FOR GRAVEL
PACKING A WELL

DESCRIPTION

1. Technical Field

The present invention relates to the gravel packing of
wells and in one of its aspects relates to a method and
apparatus for gravel packing long intervals of a well.

2. Background of the Invention

In producing hydrocarbons or the like from certain sub-
terranean formations, it is not uncommon to produce large
volumes of particulate material (¢.g. sand) along with the
formation fluids. The production of this sand must be
controlled or it can seriously affect the economic life of the
well. One of the most commonly-used techniques for sand
control is one which is known as “gravel packing”.

In a typical gravel pack completion, a screen or the like
is positioned within the wellbore adjacent the interval to be
completed and a slurry of particulate material (i.e. “gravel”),
is pumped down the well and into the annulus which
surrounds the screen. As liquid is lost from the slurry into the
formation and/or through the screen, gravel is deposited
within the annulus to form a permeable mass around the
screen which, in turn, permits produced fluids to flow into
the screen while substantially screening out any particulate
material.

A major problem in gravel packing, especially where long
or inclined intervals are to be completed, is insuring that the
gravel will be distributed throughout the completion inter-
val. That is, if gravel is not distributed over the entire
completion interval, the gravel pack will not be uniform and
will have voids therein which reduces its efficiency.

Poor distribution of gravel across an interval is often
caused by the premature loss of liquid from the gravel slurry
into the formation as the gravel is being placed. This loss of
fluid can cause the formation of “sand bridges” in the
annulus which, in turn, block further flow of the slurry
through the well annulus thereby preventing the placement
of sufficient gravel (a) below the bridge in top-to-bottom
packing operations or (b) above the bridge, in bottom-to-top
packing operations.

To alleviate this problem, “alternate-path” well tools (e.g.
well screens) have now been developed which provide good
distribution of gravel throughout the entire completion inter-
val even when sand bridges form before all of the gravel has
been placed. In alternate-path well tools, perforated shunt
tubes extend along the length of the tool and receive gravel
slurry as it enters the well annulus which surrounds the tool.
If a sand bridge forms in the annulus, the slurry can still flow
through the perforated shunt tubes to be delivered to differ-
ent levels in the annulus above and/or below the bridge to
thereby complete the gravel packing of the annulus. For a
more complete description of various alternate-path well
tools (e.g.. gravel-pack screens) and how they operate, see
U.S. Pat. Nos. 4,945,991; 5,082,052; 5,113,935; 5,515,915;
and 6,059,032; all of which are incorporated herein by
reference.

Alternate-path well tools, such as those described above,
have been used to gravel pack relatively thick wellbore
intervals (i.e. 100 feet or more) in a single operation. In such
operations, the carrier fluid in the gravel slurry is typically
comprised of a highly-viscous gel (i.c. greater than about 30
centipoises). The high viscosity of the carrier fluid provides
the flow resistance necessary to keep the proppants (e.g.
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sand) in suspension while the slurry is being pumped out
through the small, spaced openings along the perforated
shunt tubes into the different levels of the annulus within the
completion interval. However, as recognized by those
skilled in the art, it is often advantageous to use low-
viscosity fluids (e.g. water, thin gels, or the like; about 30
centipoises or less) as the carrier fluid for the gravel slurry
since such slurries are less expensive, do less damage to the
producing formation, give up the gravel more readily than
do those slurries formed with more viscous gels, and etc.

Unfortunately, however, the use of low-viscosity slurries
may present some problems when used in conjunction with
“alternate path” screens for gravel-packing long, inclined, or
horizontal intervals of a wellbore. This is primarily due to
the low-viscosity, carrier fluid being prematurely “lost”
through the spaced outlets (i.e. perforations) in the shunt
tubes thereby causing the shunt tube(s), themselves, to
“sand-out” at one or more of the perforations therein,
thereby blocking further flow of slurry through the blocked
shunt tube. When this happens, there can be no assurance
that slurry will be delivered to all levels within the interval
being gravel packed which, in turn, will likely produce a less
than desirable gravel pack in the completion interval.

SUMMARY OF THE INVENTION

The present invention provides a well tool and method for
gravel packing a long or inclined completion interval of a
wellbore wherein the gravel is distributed throughout the
interval even when using a low-viscosity slurry. Basically, a
well screen having the slurry distribution system of the
present invention thereon is lowered into the completion
interval on a workstring. The slurry distribution system is
comprised of a plurality of intermediate manifolds which are
spaced along the length of screen and which are fluidly
connected together. Slurry, which is comprised of a low-
viscosity carrier fluid (e.g. water) and a proppant (e.g. sand),
is pumped down the wellbore and is fed into the first
intermediate manifold.

Where the well screen is to be used to complete an
interval in a substantially vertical wellbore, the slurry may
be supplied to the first intermediate manifold through at least
one feed tube which is open at its upper end. Where the well
screen is to be used to complete an interval in a substantially
horizontal wellbore, a supply manifold may be provided
which is fluidly connected to the first intermediate manifold
by at least one feed tube and which receives slurry directly
from a cross-over or the like in the workstring.

Each intermediate manifold has at least one upper shunt
tube which extends upward therefrom and at least one lower
shunt tube which extends downward therefrom. If a supply
manifold is present, it will have only downward shunt
tube(s) extending therefrom. Each shunt tube is perforated
with a plurality of exit openings that are spaced along the
outer length of the tube. A length (e.g. from about 2 feet to
about % of the entire length of the tube) of each tube is
preferably left blank (i.e. without openings) from the inlet
end. This creates turbulent flow and prevents fluid loss from
the slurry as it flows into a shunt tube thereby keeping the
proppants in suspension until they exit the tube through the
openings therein.

As the slurry fills the first intermediate manifold, it will
flow substantially simultaneously upwardly through the
upper shunt tube and downwardly through the lower shunt
tube and will exit the respective tubes into zones which are
spaced from each other within the annulus surrounding the
screen.
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The slurry then flows through a feed tube from the first
intermediate manifold into a second manifold from which
the slurry again flows both upward and downward substan-
tially simultaneously through the respective shunt tubes,
fluidly connected to the second intermediate manifold, and
out the openings therein into different zones spaced from
each other within said annulus. By overlapping the openings
in a lower shunt tube of an upper manifold with the openings
of an upper shunt tube of a lower manifold, slurry will be
delivered to the complete interval which lies between the
two respective manifolds. By providing sufficient interme-
diate manifolds to extend throughout the interval to be
completed, gravel will be distributed to all zones within the
interval even when using a low-viscosity slurry and/or if a
sand bridge should form within the annulus before the gravel
pack is complete.

BRIEF DESCRIPTION OF THE DRAWINGS

The actual construction, operation, and apparent advan-
tages of the present invention will be better understood by
referring to the drawings which are not necessarily to scale
and in which like numerals identify like parts and in which:

FIG. 1 is a simplified illustration of the alternate path tool
of the present invention;

FIG. 2 is an elevational view, partly in section, of a
detailed embodiment of the alternate path tool of FIG. 1;

FIG. 3 is a cross-sectional view taken at lines 3—3 in FIG.
2;

FIG. 4 is a partial sectional view of the upper end of a
lower feed tube of the apparatus of FIG. 2 illustrating one
type of valve means which can be used in the present
invention; and

FIG. § is a partial sectional view of the upper end of
another lower feed tube of the apparatus of FIG. 2 illustrat-
ing another type of valve means which can be used in the
present invention.

While the invention will be described in connection with
its preferred embodiments, it will be understood that this
invention is not limited thereto. On the contrary, the inven-
tion is intended to cover all alternatives, modifications, and
equivalents which may be included within the spirit and
scope of the invention, as defined by the appended claims.

BEST KNOWN MODE FOR CARRYING OUT
THE INVENTION

Referring more particularly to the drawings, FIGS. 1 and
2 illustrate the concept and one embodiment of the present
well tool 10 in an operable position within the lower end of
a producing and /or injection wellbore 11. Wellbore 11
extends from the surface (not shown) and through a comple-
tion interval which is illustrated as one having a substantial
length or thickness which extends vertically along wellbore
11 and as being made up of zones A, B, C, D, and E (only
so designated in FIG. 1 for clarity). Wellbore 11, as shown
in FIG. 2, is cased with casing 12 having perforations 14
throughout the completion interval, as will be understood in
the art.

While wellbore 11 is illustrated in both FIGS. 1 and 2 as
being a substantially vertical, cased well, it should be
recognized that the present invention can be used equally as
well in “open-hole” and/or underreamed completions as well
as in horizontal and/or inclined wellbores. Since the present
invention is applicable for use in horizontal and inclined
wellbores, the terms “upper and lower”, “top and bottom”,
etc., as used herein are relative terms and are intended to
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4

apply to the respective positions within a particular wellbore
while the term “levels”, when used, is meant to refer to
respective positions lying along the wellbore between the
terminals of the completion interval.

Well tool 10 (e.g. gravel pack screen, shown in FIG. 1 as
dotted lines) may be of a single length or more likely, as
shown in FIG. 2, is comprised of several joints 15 which are
connected together with threaded couplings 16 or the like as
will be understood in the art. As shown in FIG. 2, each joint
15 of gravel pack screen 10 is basically identical to each
other and each is comprised of a perforated base pipe 17
having a continuous length of a wrap wire 19 wound thereon
which forms a “screened” section therein. While base pipe
17 is shown as one having a plurality of perforations 18
therein, it should be recognized that other types of perme-
able base pipes, e.g., slotted pipe, etc., can be used without
departing from the present invention.

Each coil of the wrap wire 19 is slightly spaced from the
adjacent coils to thereby form fluid passageways (not
shown) between the respective coils of wire as is commonly
done in many commercially-available, wire-wrap screens,
e.g. BAKERWELD Gravel Pack Screens, Baker Sand
Control, Houston, Tex. Again, while one type of screen 10
has been specifically described, it should be recognized that
the term “screen”, as used throughout the present specifi-
cation and claims, is meant to be generic and is intended to
include and cover all types of similar well tools commonly
used in gravel pack operations (e.g. commercially-available
screens, slotted or perforated liners or pipes, screened pipes,
prepacked or dual prepacked screens and/or liners, or com-
binations thereof).

In accordance with the present invention, well tool 10
includes a gravel slurry distribution system which is com-
prised of a plurality of manifolds 20 (e.g. 20a, 20b, 20c)
which, in turn, are positioned along well tool 10. As shown
in FIG. 2, each manifold is preferably positioned at or near
a respective threaded coupling 16, primarily for the ease of
assembly in making up a long well tool 10 in the field.
Accordingly, the spacing between respective manifolds typi-
cally will be roughly equal to the length of a joint 15; e.g.
20-30 feet. Of course, the manifolds can be positioned and
spaced differently along well tool 10 without departing from
the present invention.

Each pair of adjacent intermediate manifolds (e.g. 20b
and 20c) are fluidly connected together by at least one length
of feed tube 25 (e.g. one shown in FIG. 2 and two in FIG.
1). Well tool 10 preferably includes a supply manifold 20a
whenever well tool 10 is to be used to gravel pack a
completion interval lying in an inclined or horizontal well-
bore and is adapted to receive gravel slurry (arrows 30, only
a few marked for clarity) directly from the outlet port 21 in
cross-over 22 which, in turn, is connected between well tool
10 and workstring 23 (FIG. 2). Where well tool 10 is to be
used in a substantially vertical well, supply manifold 20a
can be eliminated, if desired, whereupon slurry 30 enters
directly into the open end of feed tube 25 (i.c. supply tube)
and down shunt tube 504, the latter more fully described
below. Where no supply manifold 20a is present, the upper
ends of supply tube 25 and lower shunt tube 50a can be
secured to tool 10 by welds 32 (FIG. 2) or the like.

Preferably, a pressure release valve 26 is positioned at or
near the inlet of each feed tube 25, which lies within a
manifold, for a purpose described. That is, normally there
will be no valve 26 in the first feed or supply tube 25 if there
is no supply manifold 20a present in tool 10. Valve 26 may
be any type of valve which blocks flow when in a closed
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position and which will open at a predetermined pressure to
allow flow of slurry through the feed tube. For example,
valve 26 may be comprised of a disk 26d (FIG. 4) which is
positioned within the inlet of a feed tube 25 and which will
rupture at a predetermined pressure to open the feed tube to
flow.

Another example of a valve means 26 is check valve 26k
(FIG. 5) which is positioned within the inlet of a feed tube
25. Valve 26k is comprised of a ball element 33 which is
normally biased to a closed position on seat 34 by spring 35
which, in turn, is sized to control the pressure at which the
valve will open. Valve means 26 is preferably made as a
separate component which, in turn, is then affixed to the top
of a respective shunt tube by any appropriate means, €.g.
welds 36 (FIG. 5), threads (not shown), etc.

Fluidly connected to each intermediate manifold (e.g.
second manifold 205, third manifold 20c in FIGS. 1 and 2)
are at least one upper shunt tube 40 and one lower shunt tube
50. FIG. 1 illustrates a plurality (e.g. two) of feed tubes 25,
a plurality (e.g. two) of upper tubes 40, and a plurality (e.g.
two) of lower tubes 50. Remember, “upper” and “lower” are
meant to be relative terms in the case of well tool 10 being
used in a horizontal wellbore with “upper” designating that
position nearest the wellhead. The supply manifold 20a has
at least one lower shunt 50 fluidly connected thereto while
the lowermost manifold (not shown) in the slurry distribu-
tion system would have at least one upper shunt tube 40
fluidly connected thereto in order to insure that slurry will be
delivered to all levels within the completion interval. Each
upper shunt tube 40 and each lower shunt tube 50 are of a
length sufficient to extend effectively between their two
respective manifolds 20, the reason for which will become
evident from the following discussions.

Each shunt tube, both 40 and 50, is perforated with spaced
openings 41, 51, respectively, (only a few numbered for
clarity’s sake). Preferably, each shunt tube will be perforated
only along a portion of its length towards its outer end,
leaving a substantial inlet portion of each shunt tube (i.e. a
length of at least about 2 feet up to about one-half of the
length of the shunt tube) blank (i.e. having no exit openings)
for a purpose to be discussed below. Also, each of the shunt
tubes 40, 50, as well as the feed tubes 25, are preferably
formed so that their respective ends can easily be manipu-
lated and slid into assigned openings in the respective
manifolds and sealed therein by known seal means (e.g.
O-rings or the like, not shown) so that the respective
manifolds and tubes can be readily assembled as tool 10 is
made up and lowered into the wellbore.

Now referring primarily to FIG. 1, it is seen that each of
the upper shunt tubes 40 and the lower shunt tubes 50, which
effectively extend between two adjacent manifolds 20, are
perforated over a sufficient outer portion of its length
whereby the respective perforated sections overlap each
other when tool 10 is in an operable position within a
completion interval. That is, the lower tube(s) 50 which
extend downward from supply manifold 20a are perforated
along their lower portions whereby slurry flowing through
these tubes will exit into the well annulus 11a adjacent zone
B in the completion interval. Substantially at the same time,
slurry will flow downward through feed tube 25 into the
intermediate manifold 205 and then upward through upper
shunt tube 40a to exit adjacent zone A, thereby insuring that
slurry will be delivered to the entire length of the completion
interval lying between supply manifold 20a and second
manifold 20b. It should be evident that this sequence is then
repeated through the other manifolds which lie below mani-
fold 20b to complete the gravel pack operation.
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By leaving the inlet portion of each shunt tube blank, the
slurry encounters a certain resistance as it flows within this
blank portion thereby creating turbulent flow which aids in
keeping the proppants (e.g. sand) in suspension until the
slurry reaches the exit openings at the outer or exit end of the
tube. Also, since there are no openings in the blank portion
of each shunt tube, there can be no loss of fluid from the
slurry so the probability of premature sand-out in the shunt
tube is virtually eliminated.

Once a gravel pack has deposited around a screen joint,
the pack begins to back up inside a respective shunt tube.
However, the relatively long length of the blank portion of
each tube assures that any on-going fluid loss through that
shunt tube is minute; thus, providing the required diversion
of slurry necessary to assure packing of the entire comple-
tion interval.

A typical gravel pack operation using the present inven-
tion will now be set forth. Screen 10 is assembled and
lowered into wellbore 11 on a workstring 23 (FIG. 2) and is
positioned adjacent the completion interval (i.c. zones A, B,
C, D, and E in FIG. 1). A packer (not shown) can be set if
needed as will be understood in the art. Gravel slurry 30 is
pumped down the workstring 23, out through openings 21 in
cross-over 22, and into the supply manifold 20a (i.c. present
for use in horizontal wellbore) or directly into the open
upper ends of feed tube 25 and lower shunt tube 50 (i.e. there
may be no supply manifold 20a if completion is in vertical
wells). While high-viscosity slurries can be used, preferably
the slurry used is one which is formed with a low-viscosity
carrier fluid and proppants, e.g. sand. As used herein,
“low-viscosity” is meant to cover fluids which are com-
monly used for this purpose and which have a viscosity of
30 centipoises or less (e.g. water, low viscosity gels, etc.).

The slurry 30 fills supply manifold 20a, if present, and
flows through lower shunt tube 50a to exit through openings
51 into the annulus adjacent zone B. Initially, pressure
release valve 26a, if present, blocks flow through the feed
tube 254 (FIG. 2) thereby blocking flow from the supply
manifold 20a to intermediate manifold 20b. Valve 264 is set
to open when the pressure in supply manifold rises to a valve
slightly in excess (e.g. 20-30 psi) of the original pump
pressure of the slurry. This insures that supply manifold 20a
and lower shunt tube 50q are filled and flowing before valve
26a opens to allow slurry to flow to the second manifold
20b.

Slurry 30 fills intermediate manifold 205 and now flows
upward through upper shunt tube 400 and downward
through lower shunt tube 50b. Since openings 41 in upper
shunt tube 405 and openings 51 in lower shunt tube 50a
overlap, slurry will be delivered to all of that portion of the
completion interval lying being the supply manifold 20a and
the first intermediate manifold 20b. Further, since the inlet
portion of each shunt tube is blank, there is no fluid loss from
the slurry as it flows through this blank portion, this being
important where low-viscosity slurries are used. Still further,
the resistance to flow provided by the small inner dimen-
sions of the tubes will produce turbulent flow which, in turn,
aids in keeping the proppants in suspension until the slurry
exits through the openings in the respective tubes.

Once intermediate manifold 205 and its associated shunts
are filled, the pressure will inherently increase therein
which, in turn, opens valve 26b to allow slurry to flow to the
next lower intermediate manifold 20c. Slurry then fills
manifold 20c and its associated upper and lower shunt tubes
and the process continues until all of the manifolds and shunt
tubes in a particular well tool have been supplied with slurry.
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It can be seen from FIG. 1 that since the openings in adjacent
shunt tubes are overlapped, slurry will be distributed to all
portions (e.g. zones A, B, C, D, and E) of the completion
interval thereby producing a good gravel pack throughout
the completion interval.

What is claimed is:

1. A well tool for gravel packing a completion interval
within a wellbore, said well tool comprising:

a screen section; and

a slurry distribution system comprising:

a plurality of intermediate manifolds, said manifolds
being spaced from each other along said screen
section;

at least one unperforated feed tube fluidly connecting
adjacent pairs of said intermediate manifolds
together;

at least one upper shunt tube fluidly connected to each
of said intermediate manifolds and extending
upward therefrom along said screen section;

said at least one upper shunt tube having openings spaced
along at least a portion of the length thereof;

at least one lower shunt tube fluidly connected to each

of said intermediate manifolds and extending down-
ward therefrom along said screen section;

said at least one lower shunt tube having openings spaced
along at least a portion of the length thereof; and
means adapted to supply slurry to said plurality of said
manifolds.
2. The well tool of claim 1 wherein said means adapted to
supply slurry to said plurality of manifolds comprises:

an unperforated feed tube fluidly connected to the upper-
most of said plurality of intermediate manifold and
extending upward therefrom, said supply tube being
open at its upper end adapted to receive said slurry as
said slurry flows into said completion interval around
said tool.

3. The well tool of claim 1 wherein said means adapted to

supply slurry to said plurality of manifolds comprises:

a supply manifold adapted to receive said slurry as said
slurry flows into said completion interval; and

at least one unperforated feed tube fluidly connecting said
supply manifold to said plurality of intermediate mani-
folds.

4. The well tool of claim 3 including:

at least one lower shunt tube fluidly connected to said
supply manifold and extending downward along said
screen;

said at least one lower shunt tube having openings spaced
along at least a portion of the length thereof.
5. The well screen of claim 1 including:

a valve in said at least one feed tube for initially blocking
flow through said feed tube and adapted to open when
the pressure in said supply manifold increases to a
predetermined value.

6. The well tool of claim 1 wherein said openings in each
of said at least one upper and at least one lower shunt tubes
are spaced along the outer length of each respective said
shunt tubes whereby a portion of the length of each said tube
will be blank at the inlet end thereof.

7. The well tool of claim 6 wherein the blank portion of
the length of each said tube will be from about 2 feet in
length to about % of the entire length of said tube.

8. The well tool of claim 1 wherein said openings in said
at least one upper shunt tube extending upward from one of
said plurality of intermediate manifolds overlap said open-
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ings in said at least one lower shunt tube extending down-
ward from another of said plurality of intermediate mani-
folds.
9. A well tool for gravel packing a completion interval
within a wellbore, said well tool comprising:
a screened section; and
a slurry distribution system comprising:
a supply manifold positioned near the upper end of said
screen section, said supply manifold comprising;
means adapted to supply slurry to said supply manifold;
and

at least one lower shunt tube having openings spaced
along at least a portion of the length thereof, said
lower shunt tube being fluidly connected to said
supply manifold and extending downward therefrom
along said screen section; and
a first intermediate manifold positioned on said screen
section and spaced from said supply manifold, said first
intermediate manifold comprising;
at least one upper shunt tube having openings spaced
along at least a portion of the length thereof, said
upper shunt tube being fluidly connected to said first
intermediate manifold and extending upward there-
from along said screen section; and

a first unperforated feed tube fluidly connecting said
supply manifold to said first intermediate manifold.

10. The well screen of claim 9 wherein said first inter-
mediate manifold further includes:

at least one lower shunt tube having openings spaced
along at least a portion of the length thereof, said lower
shunt tube being fluidly connected to said first inter-
mediate manifold and extending downward therefrom
along said screen section.

11. The well screen of claim 10 including:

a second intermediate manifold positioned on said screen
section and spaced from said first intermediate
manifold, said second intermediate manifold compris-
ng;
at least one upper shunt tube having openings spaced

along at least a portion of the length thereof, said
upper shunt tube being fluidly connected to said
second intermediate manifold and extending upward
therefrom along said screen section; and

a second unperforated feed tube fluidly connecting said
first intermediate manifold to said second intermediate
manifold.

12. The well screen of claim 11 including:

a valve in each of said feed tubes for initially blocking
flow through said respective feed tube and adapted to
open when the pressure on said valve increases to a
predetermined value.

13. The well tool of claim 11 wherein said openings in
each of said at least one upper and at least one lower shunt
tubes are spaced along the outer length of each respective
said shunt tubes whereby a portion of the length of each said
tube will be blank at the inlet end thereof.

14. The well tool of claim 13 wherein said blank portion
of the length each said tube will be from about 2 feet in
length to about Y of the entire length of said tube.

15. The well tool of claim 13 wherein said openings in
said at least one upper shunt tube extending upward from
one of said plurality of intermediate manifolds overlap said
openings in said at least one lower shunt tube extending
downward from another of said plurality of intermediate
manifolds.

16. A method of gravel packing a completion interval in
a wellbore, said method comprising:
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lowering a well screen having a slurry distribution system
thereon into said completion interval whereby an annu-
lus is formed between said well screen and the wall of
the wellbore;

said slurry distribution system comprising a plurality of
manifolds which are fluidly connected together;

supplying a slurry comprised of a carrier fluid and a
proppant down said wellbore and into the first of said
plurality of manifolds;

flowing said slurry both upward and downward substan-
tially simultaneously from said first manifold and into
zones spaced from each other within said annulus
around said screen;

10

10

flowing said slurry into the second of said plurality of

manifolds; and

flowing said slurry both upward and downward substan-
tially simultaneously from said second manifold into
different zones spaced from each other within said

annulus around said well screen.

17. The method of claim 16 wherein said carrier fluid is
a fluid having a viscosity of less than about 30 centipoises.

18. The method of claim 17 wherein said carrier fluid is

water.
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