
EXTERIOR DRAIN TUBE FOR WELL SCREEN ASSEMBLIES 

BACKGROUND 

[0001] Wells often use screen systems in their production string to filter solid particles 

(e.g., sand) greater than a permitted size. Some wells are gravel packed by placing gravel in the 

annulus around the well screen system. For example, in an open-hole completion, gravel is 

typically placed between the wall of the wellbore and the production string. Alternatively, in a 

cased-hole completion, gravel is placed between a perforated casing string and the production 

string. In both types of completions, formation fluids flow from the subterranean formation into 

the production string through the gravel pack and well screen system. 

[0002] The gravel is carried into the well with a carrier liquid in a slurry. As the gravel is 

placed, the liquid carrier is drained out through the well screen system to the surface. 

SUMMARY 

[0002a] According to an aspect of the present invention, there is provided a well screen 

system for use in a wellbore, comprising: 

an elongate base pipe; 

a screen encircling the base pipe and configured to filter against passage of particulate 

into a center bore of the base pipe, the base pipe having a fluid impermeable portion exterior to 

the screen; 

a cover sleeve over the fluid impermeable portion of the base pipe; and 

a drain tube comprising a fluid permeable sidewall residing exterior to the base pipe and 

screen, affixed to the cover sleeve, and adapted to communicate fluid from the wellbore around 

the fluid impermeable portion to the screen. 

[0002b] According to another aspect of the present invention, there is provided a method, 

comprising: 

collecting a carrier fluid of a gravel packing slurry in a well bore annulus at a fluid 

impermeable portion of a well screen assembly in a tubing; and 
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communicating the carrier fluid, via the tubing, through the gravel packing to a fluid 

permeable portion of the well screen assembly, comprising communicating the carrier fluid to a 

location radially over a fluid permeable screen of the well screen assembly. 

[0002c] According to another aspect of the present invention, there is provided a method, 

comprising: 

collecting a carrier fluid of a gravel packing slurry in a well bore annulus at a fluid 

impermeable portion of a well screen assembly in a tubing; and 

communicating the carrier fluid, via the tubing, through the grave] packing to a fluid 

permeable portion of the well screen assembly, 

where the tubing comprises a fluid permeable screen and where collecting the carrier 

fluid comprises collecting the earner fluid through the sidewall of the tubing and filtering against 

particulate of a specified size or larger. 

[0002d] According to another aspect of the present invention, there is provided a well 

system, comprising: 

a well screen assembly comprising a screen portion that is fluid permeable to a center bore of the 

assembly and a portion that is fluid impermeable to the center bore; and 

a conduit with fluid permeable sidewalls at the outer diameter of the well screen 

assembly and configured to communicate fluid from the fluid impermeable portion to the fluid 

permeable screen portion. 

DESCRIPTION OF DRAWINGS 

[0003] FIG. 1 is a schematic side view of a well system; 

[0004] FIG. 2 is a perspective view of part of an example well screen system, omitting 

the cover sleeve and showing the exterior shrouds in cut-away for convenience of reference. 

[0005] FIGS. 3 is a perspective view of the part of the well screen system of FIG. 2, 

showing the cover sleeve and drain tube. 

[0006] FIG 4A is a perspective cross-sectional view of an example drain tube affixed to a 

cover sleeve, and FIG. 4B is an axial cross-sectional view of another example drain tube affixed 

to a cover sleeve. 
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[0007] Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

[0008] In some implementations, in completing an open hole section of a well, a 

production string having one or more well screen assemblies is run into the open hole section of 

the well bore. The screen assemblies are axially spaced along the length of the string. Each 

screen assembly has a filtration screen that encircles a base pipe. The base pipe has portion with 

one or more apertures that allow communication of fluids through the screen, and a portion that 
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is not apertured (i.e., fluid impermeable) outside of the screen. An apertured shroud is positioned 

around the exterior of the filtration screen. Shunt, tubes run axially through the screen assembly 

from one end to the other, and are radially between the apertured shroud and base pipe. The ends 

of the filtration screen are capped with annular end rings. The screen assemblies thread end to 

end, and jumper tubes connect between the end rings to connect the shunt tubes of one screen 

assembly to the next. A cover sleeve is positioned around the jumper tubes between the screen 

assemblies. With the production string in place, the annulus around the well screen assemblies is 

"gravel packed." In gravel packing, a particulate (e.g., gravel) laden shirty is pumped into the 

wellbore exterior the string. The particulate is deposited in the annulus around the screen 

assemblies, and the carrier liquid in the slurry is drained into the center bore of the string through 

the well screen assemblies and pumped backed to the .surface. 

[0009] Sometimes, especially when gravel packing a long well, variations in drainage of 

the earner liquid from gravel slurry can cause inconsistencies, such as voids, to form in the 
gravel packing. The problem is particularly acute in solid, fluid impermeable portions of the 

string, for example at the ends of each screen assembly. A fluid permeable conduit, carried on 

the screen assemblies over the fluid impermeable portions (e.g., carried on the cover sleeve), can 

be implemented for communicating fluid from this region to the fluid permeable portions of the 

screen assemblies. The conduit allows the carrier liquid to more easily escape to the fluid 

permeable portions of the screen assemblies and be drained, to the surface. The conduits may be 

in the form, of drain tubes in locations where fluid draining is limited (e.g., fluid impermeable 

section, such as near ends of screen assemblies and/or elsewhere). The drain tubes can therefore 

reduce the possibility of voids and/or other inconsistences in the gravel pack. 

[0010] FIG. 1 is a schematic side view of a well system 100 in accordance with the present 

disclosure. The well system 100 is shown as being a horizontal well, having a wellbore 114 that 

extends substantially vertically from a wellhead 18 at the surface, then deviates to horizontal or 

substantially horizontal in the subterranean zone of interest 124. A casing 116 is cemented in the 

vertical portion of the wellbore and coupled to the wellhead .118 at the surface 120. The 

remainder of the wellbore 114 is completed open hole (i.e., without casing). A production string 

122 extends from wellhead 118, through the wellbore 114 and. into the subterranean zone of 

interest 124. 

A 
L 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/158141 PCT/US2013/033896 

[001 i] A production packer 126 seals the annulus between the production string 122 and 

the casing 116, Additional packers 126 can be provided between the screen assemblies 112. The 

production string 122 operates in producing fluids (e.g., oil, gas, and/or other fluids) from the 

subterranean zone 124 to the surface 120. The production string 122 includes one or more well 

screen assemblies 112 (three shown). In some instances, the annulus between the production 

string 122 and the open hole portion of the wellbore 114 may be packed with gravel of a 

specified size. The well screen assemblies 112 and gravel packing allow communication of 

fluids between the production string 122 and subterranean zone 124. The gravel packing 

provides a first stage of filtration against passage of particulate and larger fragments of the 
formation to the production string 122. The well screen assemblies 112 provide a second stage 

of filtration, and are configured to filter against passage of particulate of a specified size and 

larger into the production string 122. 
[0012] Portions 125 of the well screen assemblies 112 are fluid impermeable and cannot 

communicate fluid in the wellbore 114 to the center bore of the string 122. One or more 

conduits, e.g. drain tubes 128, are carried on the outer diameter of the well screen assemblies 112 

to collect fluid in the wellbore 114, such as the carrier liquid from the gravel packing slurry, and 

communicate the fluid from fluid impermeable portions of the well screen assemblies 112 or 

string 122 through the gravel packing to fluid permeable portions of the well screen assemblies 
112. In the context of gravel packing, as noted above, the drain tubes 128 facilitate even 

draining of the carrier liquid from the gravel slurry; and therefore, more uniform gravel packing. 

[0013] Although shown in the context of a horizontal well system .100, the concepts 

herein can be applied to other wreli configurations, including vertical well systems consisting of a 

vertical or substantial vertical wellbore, multi-lateral well systems having multiple wel(bores 

deviating from a common wellbore and/or other well systems. Also, although described in a 

production context concepts herein can are applicable irt other contexts, including injection (e.g., 

with the well screen assembly 112 as part of an injection string), well treatment (e.g., with the 

well screen assembly 112 as part of a treatment string) ami/or other applications. 

[0014] FIG. 2 illustrates an example 200 of two well screen assemblies coupled together 

that can be used in the well system of FIG, 1. For convenience of description, the well screen 

system 200 is illustrated with its inner components exposed (i.e., the exterior shroud 201 is 

shown in partial break away). The well screen system 200 includes a first well screen assembly 
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202 and a second well screen assembly 203. The well screen assembly 202 includes a base pipe 

205; and the well screen assembly 203 includes a base pipe 207, The base pipes 205,207 are 

coupled end to end to each other (e.g., threadingly and/or ot he wise). The well screen assembly 

202 further includes a fluid permeable screen 210 encircling Lhe base pipe 205. For example, the 

screen 210 can include one or more layers of sheet mesh or wire wrapped screen (i.e., fluid 

permeable screen layers 214) with a selected industry rating for filtering particulate over a 

specified size. Similarly, the screen assembly 203 further includes a screen 215 encircling the 

base pipe 207, the screen 215 being similar to the screen 210 (with fluid permeable screen layers 

212). The screen 210 is seaiingly affixed to and spans between an end ring 232 and another end 
ring (not shown}. Likewise screen 215 is seaiingly affixed to and spans between an end right 

234 and another end ring (not shown). The end rings (including end rings 232, 234) are 

seaiingly affixed to the base pipes 205, 207, so that ail fluid that enters the screens 210, 212 is 

retained between the end rights. The base pipes 205, 207 are apertured beneath the end rings and 

the end rings adapted to collect flow from the screens 210, 212 or the base pipes 205, 207 are 

apertured beneath the fluid permeable screens 210, 212. The apertures allow fluid to be 

communicated between the interior center bore of the base pipes 205, 207 and the exterior of the 

well screen assemblies 202, 203 through the screens 210, 212. The base pipes 205, 207, however, 

are fluid impermeable (e.g., solid and not apertured) exterior the screens 21.0,2.12 and end rings, 

so that no unnltered fluid is allowed to pass into the center bore of the base pipes 205, 207. In 

certain instances, one or more of the end rings (shown here- as end ring 232) can be integrated 

with, a centralizer. 

[0015] As illustrated in FIG 2, each well screen assembly 202, 203 includes one or more 
shunt tubes (two per well screen assembly are shown) positioned between the screen and the 

exterior shroud, For example, an elongate shunt tube 224 is arranged axially along and spanning 

the screen 210 and terminated at end ring 232. The shunt tube 224 extends to another end ring 

(not shown) at the opposite end of the screen 210, and may have an apertured or otherwise fluid 

permeable sidewall Similarly, the well screen assembly 203 includes an elongate shunt tube 226 

that is arranged axially along and spanning die screen 210 and terminated at an end ring 234, and 

may have an apertured or otherwise fluid permeable sidewall. The shunt, tube 226 may be 

substantially similar to the shunt tube 224. The shunt, tubes are fluidically coupled by elongate 

jumper tubes 220 received between the shut tubes 224, 226. As illustrated in FIG, 3, a cover 
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sleeve 218 can be provided over the jumper tubes 220 and the fluid impermeable portions of the 

base pipes 205, 207 between the end rings 232, 234, Although the cover sleeve 218 can be 

apertured, in most instances it is solid and fluid impermeable. In certain instances, the cover 

sleeve 218 is not welded, adhered, held with fasteners or otherwise affixed to the well screen 

assemblies 202, 203, but rather is captured between the end rings 232, 234. 

[0016] FIG 3 shows a drain tube 228 is adapted to collect fluid in Che wellbore, e.g., the 

carrier fluid of the gravel packing slurry, from fluid impermeable portions of the well screen 

assemblies 202, 203 and communicate the fluid to fluid permeable portions of the well screen 

assemblies 202,203, The drain tube 228 includes a fluid permeable sidewall that allows fluid to 
enter an interior center passage of the drain tube 228, flow to another location of the tube 228 
and then flow out of the tube. Thus, for example, in the context of gravel packing, the tube 228 

facilitates draining the carrier fluid from the gravel packing slurry in the region over the cover 

sleeve 218, because the carrier fluid can enter through the sidewall the drain tube 228 at the 

cover sleeve 218 and be communicated uphole and/or downhoie to the exterior of the screens 

210, 212. At the exterior of the screens 210, 212, the carrier fluid can drain into the center bore 

of the strin g and be communica ted up to the terranean surface. 
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[0017] FIG. 3 and FIG. 4A show a configuration of drain lube 228 that runs beside the 

well screen assemblies 202, 203 (i.e., the screen assemblies 202, 203 are outside of the interior 

center passage of the drain tube 228). Although one is shown, more than one drain tubes 228 

could be provided arranged at different locations around the circumference of the well screen 

assemblies 202, 203. FIG. 4B shows a drain tube 404 encircling the well screen assemblies 202, 

203. 

[0018] In certain instances, the drain tube 228, 404 is affixed to an exterior of the cover 

sleeve 218. FIG. 3 shows the drain tube 228 extending the entire length of the cover sleeve 218, 

spanning across the impermeable end portions of the base pipes, between the screens of the well 

screen assemblies 202, 203. The drain tube 404 (FIG. 4B) can likewise extend the entire length 

of the cover sleeve 218. In certain instances, the drain tube 228 (FIG. 3) can traverse the end 

rings 232, 234 and have ends terminating radially over the screens (and apertured shrouds 201, 

204) of the well screen assemblies 202, 203. The ends of the drain tube 228 can be open or 

closed. In an instance where the drain tube 228 traverses an end ring and that end ring includes a 

centralizer, the centralizer can be configured to protect the drain tube 228 during travel through 

the wellbore. If the drain tube 228 does not traverse the end ring, gravel slurry access can be 
proved at. the centralizer or in the centralizer. 

[0019] The drain tube 228 of FIG 4A has a non-circular cross-section, specifically a 

greater width (in the direction of the circumference of the cover sleeve 218) than thickness that 

facilitates maintain a smaller outer diameter of the entire assembly. Other cross-sections, 

including circular, rectangular, and non-symmetric cross-sections, could be used, in certain 

instances, the drain tube 228 is a screen tube made of one or more layers of screen material, such 

as a welded or woven mesh, formed into a tube and partially flattened, retaining the internal 

central passage 402. The drain tube 404 of FIG. 4B can also be made of a screen material formed 

in a tube and placed over the cover sleeve 218, retaining the internal central (annular) passage 

406. The screen material results in sidewalls of the tube 228, 404 being fluid permeable. A 

support, structure or fluid transport layer (e.g., axial wires, large square mesh, or another 

configuration) can be provided in the internal central passage 402, 406 to maintain the passage 

open, In certain instances, the drain tube 228, 404 can be a solid tubing with apertures in the 

sidewalls to make the sidewalls of the tube fluid permeable. In certain instances, the entire 

length of the tube is fluid permeable. Also, the screen material can have a selected industry 
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rating for filtering paniculate over a specified size or the apertures sized to filter particular over a 

specified size. 

[0020] In use, as the string is made up at the surface, adjacent well screen assemblies are 

coupled end-to-end trapping the cover screen, with the drain tube affixed (welded, clamped., 

and/or otherwise) thereto, between them. The string is run into position in the wellbore, and 

gravel slurp/ introduced down the annulus between the string and the wellbore to fill the annuls 

with gravel. As the gravei is placed, the carrier liquid in the slurry is drained off through the well 

screen assemblies, into the center bore of the string and/or through the shunt tubes and 

withdrawn to the surface. Carrier fluid m regions around fluid impermeable portions of the well 

screen assemblies, such as near the cover sleeve and/or ends of the well screen assemblies, enters 

the fluid permeable sidewalls of the drain tubes and is transported up or downhole to the fluid 

permeable portions of the well screen assemblies. The drain tubes facilitate a more even drain of 

the gravel pack, and thus a more even distribution of gravel in the annulus with fewer voids. 

[0021] A number of embodiments have been described. Nevertheless, it will be 

understood thai various modifications may be made. Accordingly, other embodiments are within 

the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A well screen, system for use in a wellbore, comprising: 

an elongate base pipe; 

a screen encircling the base pipe and configured to filter against passage of particulate 

into a center bore of the base pipe, the base pipe having a fluid impermeable portion exterior to 

the screen; 

a. cover sleeve over the fluid impermeable portion of the base pipe; and 

a drain tube comprising a fluid permeable sidewall residing exterior to the base pipe and 

screen, affixed to the cover sleeve, and adapted to communicate fluid from the wellbore around 

the fluid impermeable portion to the screen. 

2. The well screen system of claim 1, where the dram tube comprises a fluid permeable 
portion radially over the fluid impermeable portion of the base pipe and a fluid permeable 

portion radially over the screen. 

3. The well screen system of claim 1, where the drain tube comprises a screen material 

arranged as a flattened tube. 

4. The well screen system of claim 1, comprising an exterior shroud encircling the screen, 

and 

where the drain tube encircles the shroud. 

5. The well screen system, of claim 4, where the drain tube encircles the cover sleeve, 

6. The well scrccn system of claim 5, comprising a shunt tube residing between the screen 

and the shroud. 

7. The well screen sy stern of claim 1, where the drain lube resides along the side of the base 

pipe and the base pipe is outside of an interior ccntcr passage of the drain tube. 
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8. The well screen system of claim 1 ? where the base pipe and the screen comprise a first 

base pipe and a first screen of a first well screen, assembly: and 
the well scrccn system further comprises a second well screen assembly coupicd end-to-

end with the first well screen assembly; and 

where the drain tube spans between the first well screen assembly and the second well 

screen assembly and the fluid permeable sidewall of the drain tube resides radially over the fluid 

impermeable base pipe of the first well screen assembly and a fluid impermeable base pipe of the 

second well screen assembly. 

9. The well screen system of claim 8, where an end of the drain tube resides radially over 

the exterior of the screen of the first well screen assembly and another end of the drain tube 

resides radially over the exterior of a screen of the second well screen assembly. 

10. The well screen system of claim 8; comprising: 

a first shunt tube axially spanning the screen and residing between the first screen and an 

exterior shroud of the first well screen assembly; 

a second shunt tube axially spanning a screen of the second well screen assembly and 

residing between the screen and an exterior shroud of the second well screen assembly: 

a jumper tube coupled to the first and second shunt tubes and residing radially over the 

fluid impermeable portions of the first and second base pipes; and 

an exterior cover sleeve over the jumper tube and the fluid impermeable portions of the 

first and second base pipes; and 

where the drain tube resides exterior to the cover sleeve. 

11. The well screen system of claim 10v where the drain tube encircles the cover sleeve, 

12. The well screen system of claim 10, where the drain tube resides along the side of the 

exterior shrouds of the first well screen assembly and the second well screen assembly, and the 

well screen assemblies are outside of an internal center passage of the drain tube. 
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13. A method, comprising: 
collecting a carrier fluid of a gravel packing slurry in a well bore annulus at a fluid 

impermeable portion of a well screen assembly in a tubing; and 
communicating the carrier fluid, via the tubing, through the gravel packing to a fluid 

permeable portion of the well screen assembly, comprising communicating the earner fluid to a 
location radially over a fluid permeable screen of the well screen assembly. 

14. A method, comprising: 
collecting a carrier fluid of a gravel packing slurry in a well bore annulus at a fluid 

impermeable portion of a well screen assembly in a tubing; and 
communicating the carrier fluid, via the tubing, through the gravel packing to a fluid 

permeable portion of the well screen assembly, 
where the tubing comprises a fluid permeable screen and where collecting the carrier 

fluid comprises collecting the carrier fluid through the sidewall of the tubing and filtering against 
paniculate of a specified size or larger. 

15. A well system, comprising: 
a well screen assembly comprising a screen portion that is fluid permeable to a center 

bore of the assembly and a portion that is fluid impermeable to the center bore; and 
a conduit with fluid permeable sidewalls at the outer diameter of the well screen 

assembly and configured to communicate fluid from the fluid impermeable portion to the fluid 
permeable screen portion. 

16. The well system of claim 15, where the conduit comprises a screen tube. 

17. The well system of claim 15, where the conduit comprises a screen materia] encircling at 
least a portion of the fluid permeable screen portion and at least a portion of the fluid 
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18. The well system of claim 15, comprising: 

a second well screen assembly; and 

an exterior cover sleeve spanning the screen portion of the first well screen assembly to a 

screen portion of the second well screen assembly, and 

where the conduit comprises a screen tube residing outside the exterior cover sleeve, 

affixed to the cover sleeve and spanning between the screen portion of the first well screen 

assembly and the screen portion of the second well screen assembly. 
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