
WO 2013/002986 
	

PCT/US2012/041239 

PERMEABLE MATERIAL COMPACTING METHOD AND APPARATUS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Application No. 13/170320, filed on June 

28, 2011, which is incorporated herein by reference in its entirety. 

BACKGROUND 

[0001] Gravel packing is a process used in the downhole industry to fill an annulus 

with gravel. Gravel packed by such a process is permeable to fluid while providing support 

to walls of a wellbore in an earth formation, for example. The support prevents erosion and 

other damage to the formation walls that could result if the gravel support were not present. 

Recent developments replace the gravel pack with permeable space conforming materials that 

can expand to fill an annulus after being deployed therein. Such materials, as those described 

in U.S. Patent 7,828,055 granted to Willauer et al. on November 9, 2010, the entire contents 

of which are incorporated herein by reference, require compaction or compression prior to 

being deployed. Methods and systems for compacting such materials are well received in the 

art. 

BRIEF DESCRIPTION 

[0002] Disclosed herein is a permeable material compacting method that includes 

feeding permeable material between at least one set of rollers, and decreasing a cross 

sectional area of the permeable material as it passes between the at least one set of rollers. 

[0003] Further disclosed is a permeable material compacting apparatus including at 

least one set of rollers. The rollers are configured and oriented relative to one another to 

compact permeable material moved through the at least one set of rollers to thereby reduce a 

cross sectional area of the permeable material subsequent passing through the at least one set 

of rollers in comparison to a cross sectional area of the permeable material prior to passing 

through the at least one set of rollers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The following descriptions should not be considered limiting in any way. 

With reference to the accompanying drawings, like elements are numbered alike: 

[0005] FIG. 1 depicts a side view of a permeable material compacting apparatus 

disclosed herein; 
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[0006] FIG. 2 depicts a perspective view of the permeable material compacting 

apparatus of FIG. 1; 

[0007] FIG. 3 depicts an end view of the permeable material compacting apparatus of 

FIG. 1; 

[0008] FIG. 4 depicts a perspective view of an alternate embodiment of a permeable 

material compacting apparatus disclosed herein; 

[0009] FIG. 5 depicts a perspective view of shaping forms employed in the permeable 

material compacting apparatus of FIG. 4; 

[0010] FIG. 6 depicts a perspective view of an alternate embodiment of a permeable 

material compacting apparatus disclosed herein; and 

[0011] FIG. 7 depicts an end view of the permeable material compacting apparatus of 

FIG. 6. 

DETAILED DESCRIPTION 

[0012] A detailed description of one or more embodiments of the disclosed apparatus 

and method are presented herein by way of exemplification and not limitation with reference 

to the Figures. 

[0013] Referring to Figures 1, 2 and 3, a permeable material compacting apparatus 

disclosed herein is illustrated at 10. The apparatus 10 includes, at least one set of rollers 14, 

with four sets of rollers 14 being shown in this embodiment. Each roller 18A of each of the 

sets of rollers 14 is oriented relative to the other roller(s) 18B of that particular set or rollers 

14 such that permeable material 22, in the form of a billet for example, is compacted while 

passing between the rollers 18A and 18B. This compaction causes a decrease in cross 

sectional area of the permeable material 22 after passing between the rollers 18A, 18B when 

compared to a cross sectional area prior to the permeable material 22 passing between the 

rollers 18A, 18B. 

[0014] The permeable material 22 may be foam, for example, or a mat formed from a 

plurality of strands built up randomly or in multiple layers. The permeable material 22 has 

shape memory such that it has internal forces, typically in the form of stresses, stored 

therewithin that urge the permeable material 22 to return to or near to a shape and size it had 

prior to compaction thereof. Such materials, after having been compressed, are subsequently 

expandable. Shape memory polymers and shape memory metals are a few examples of 

materials employable as the permeable material. 
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[0015] A heating device 26 (shown in Figure 1 only) is positioned and configured to 

increase temperatures in the permeable material 22 prior to the permeable material 22 being 

compacted by the sets of rollers 14. Additionally, a cooling device 30 (also shown in Figure 

1 only) is positioned and configured to decrease temperatures in the permeable material 22 

subsequent to the permeable material 22 being compacted by the sets of rollers 14. As such, 

the permeable material compacting apparatus 10 can cause the permeable material 22 to 

undergo a reduction in volume and then essentially freeze the permeable material 22 at the 

new reduced volume until the permeable material 22 is exposed to an environment, such as 

an increase in temperature in this embodiment, wherein the permeable material 22 is able to 

relieve the compaction stresses stored therein and expand toward the original and larger 

volume. 

[0016] Each longitudinally displaced set of rollers 14 in the embodiment of Figures 1- 

3 is positioned substantially orthogonally to the other sets of rollers 14 adjacent thereto. As 

such, rotational axes of the rollers 18A, 18B in one set are oriented at right angles to the 

rotational axes of the rollers 18A, 18B of the sets of rollers 14 adjacent thereto. It should be 

noted that alternate embodiments are contemplated wherein adjacent sets of rollers 14 have 

rollers 18A, 18B with rotational axes oriented at angles other than 90 degrees. Each of the 

rollers 18A, 18B in the sets or rollers 14 shown have surfaces 34 engagable with the 

permeable material 22 that together approximate an ellipse. One can envision that the 

permeable material 22 exiting a first of the set of rollers 14 would have a cross sectional 

shape that approximates an ellipse. The same permeable material 22 exiting the second set of 

rollers 14 however may have a cross sectional shape that approximates a circle due to the 

orthogonal orientation of the elliptical shape the second set or rollers 14 imparts onto the 

permeable material 22. 

[0017] Additionally, the third and the fourth sets of rollers 14 in the illustrated 

embodiment are oriented in a similar fashion to that of the first and the second sets of rollers 

14, respectively. The third and fourth sets of rollers 14 differ from the first and second sets of 

rollers 14 in a dimension 36 defined between the surfaces 34 of one or the rollers 18A in 

relation to the other of the rollers 18B, with the third and fourth set of rollers 14 having a 

dimension 37 between the surfaces 34 that is smaller than the dimension 36 of the first and 

second set of rollers 14. This stepped reduction in dimension and consequently stepped 

reduction in cross sectional area (and volume) of the permeable material 22 allows for a more 

controlled process of volume reduction than if the total reduction in volume were completed 

in a single step. Additionally, one or more of the rollers 18A, 18B can be rotationally driven 
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to aid in drawing the permeable material 22 through the sets of rollers 14. The stepped 

reduction in dimension makes possible, via friction forces, the driven volume reduction, 

without excess slipping at the rollers 14 or a required axial force, other than the force of 

traction by the rollers 14 on the permeable material 22. 

[0018] An optional mandrel 38 (shown in Figure 1 only) can be positioned within a 

bore through the permeable material 22. In addition to being configured to assist in heating 

and cooling of the permeable material 22, the mandrel 38 can allow the permeable material 

22 to have a hollow cylindrical shape while still be compacted. 

[0019] Referring to Figures 4 and 5, an alternate embodiment of a permeable material 

compacting apparatus is illustrated at 110. The apparatus 110 is similar to that of apparatus 

10 and as such only the differences will be described hereunder. The apparatus 110 includes 

shaping forms 142 that are shaped and configured to fit between the rollers 18A, 18B of one 

set of rollers 14 and the rollers 18A, 18B of another of the sets of rollers 14 to limit or 

prevent expansion of the permeable material 22 as it travels between adjacent sets of rollers 

14. The shaping forms 142 have surfaces 146 that allow the permeable material 22 to slide 

along as it travels between the sets of rollers 14. The surfaces 146 are located and contoured 

relative to the rollers 18A, 18B to be engaged by the permeable material 22 right after the 

maximum compaction of the permeable material 22 has taken place to minimize expansion of 

the permeable material 22. The surfaces 146 continue to engage the permeable material 22 

until it begins to be compacted by the next set of rollers 14. 

[0020] An outlet portion 150 of the shaping forms 142 can serve as a final sizing 

form. The length of the outlet portion 150 can be selected based on parameters of the 

permeable material 22 and the apparatus 146 to assure, for example, that the permeable 

material 22 has cooled sufficiently that expansion will not take place upon exiting the outlet 

portion 150. Additionally, the shaping forms 142 can serve as one or both of the heating 

device 26 and the cooling device 30 to aid in altering temperatures in the permeable material 

22 at the desired points on the way through the apparatus 110. 

[0021] Referring to Figures 6 and 7, another alternate embodiment of a permeable 

material compacting apparatus is illustrated at 210. Unlike the apparatuses 10 and 110, the 

apparatus 210 has a set of rollers 212 that includes a plurality of rollers 216 that each have a 

rotational axis 220 that is skewed relative to an axis 224 that defines a center of travel of the 

permeable material 22 through the apparatus 210 as well as being skewed relative to each of 

the other rollers 216. The definition of skewed as used herein meaning to be neither parallel 

to nor intersecting with. The rollers 216 being oriented as described and shown herein form a 
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funnel shape, more specifically, centers of the rollers are substantially contained by a 

quadratic surface, the hyperbolic paraboloid. The permeable material 22 having an original 

perimeter 228 substantially simultaneously engages with every one of the rollers 216 when 

being fed therethrough. The engagement between the peiineable material 22 and the rollers 

216 continues until the permeable material 22 has been compacted to the point that final 

perimeter 232 is substantially equal to a minimum sized circle as defined by surfaces 236 of 

each of the plurality of rollers 216 as observed looking end on as in Figure 7. 

[0022] Although not shown in Figures 6 and 7, one should appreciate that alternately 

shaped shaping forms than the shaping forms 142 could be employed with the embodiment of 

apparatus 210 with one or more shaping forms engaging the permeable material 22 prior to 

engaging the rollers 216 and one or more shaping forms engaging the permeable material 22 

upon exiting engagement with the rollers 216. Such shaping forms could also be heated 

and/or cooled to provide desired changes in temperature of the permeable material 22 at 

desired points while passing through the apparatus 210, as well as being a final sizing die for 

the permeable material 22 as it leaves the apparatus 210. Alternate embodiments could also 

employ a plurality of sets of rollers 216 with each successive set of rollers 216 defining 

different and perhaps smaller final perimeters. 

[0023] One or more of the rollers 216 could also be rotationally driven to aid in 

drawing the permeable material 22 through the apparatus 210 in a similar fashion to the way 

the rollers 18A and 18B were driven in the apparatus 10. 

[0024] While the invention has been described with reference to an exemplary 

embodiment or embodiments, it will be understood by those skilled in the art that various 

changes may be made and equivalents may be substituted for elements thereof without 

departing from the scope of the invention. In addition, many modifications may be made to 

adapt a particular situation or material to the teachings of the invention without departing 

from the essential scope thereof. Therefore, it is intended that the invention not be limited to 

the particular embodiment disclosed as the best mode contemplated for carrying out this 

invention, but that the invention will include all embodiments falling within the scope of the 

claims. Also, in the drawings and the description, there have been disclosed exemplary 

embodiments of the invention and, although specific terms may have been employed, they 

are unless otherwise stated used in a generic and descriptive sense only and not for purposes 

of limitation, the scope of the invention therefore not being so limited. Moreover, the use of 

the terms first, second, etc. do not denote any order or importance, but rather the terms first, 

second, etc. are used to distinguish one element from another. Furthermore, the use of the 
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terms a, an, 

least one of 

etc. 

the 

do not denote a 

referenced item. 

limitation of quantity, but rather denote the presence of at 
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What is claimed is: 

L 	A permeable material compacting method comprising: 

feeding permeable material between at least one set of rollers; 

rotating at least one roller of the at least one set of rollers about an axis that is skewed 

relative to an axis that defines a center of travel of the permeable material; 

decreasing a cross sectional area of the permeable material as it passes between the at 

least one set of rollers; and 

freezing the permeable material at a volume smaller than a volume of the permeable 

material prior to the decreasing the cross sectional area. 

2. The permeable material compacting method of claim 1, further comprising 

heating the permeable material prior to the feeding thereof. 

3. The permeable material compacting method of claim 1, further comprising 

cooling the permeable material subsequent to the decreasing the cross sectional area thereof 

4. The permeable material compacting method of claim 1, wherein the decreasing a 

cross sectional area of the permeable material by one set of the at least one set of rollers is 

primarily in a direction that is different than the decreasing a cross sectional area of the 

permeable material by another set of rollers of the at least one set of rollers. 

5. The permeable material compacting method of claim 1, wherein the decreasing a 

cross sectional area of the permeable material by one set of the at least one set of rollers is 

primarily in a direction orthogonal to the decreasing of a cross sectional area of the pen-neable 

material by another set of rollers of the at least one set of rollers. 

6. The permeable material compacting method of claim 1, further comprising 

positioning the permeable material radially of a mandrel. 

7. The permeable material compacting method of claim 1, wherein the decreasing 

the cross sectional area includes compacting. 
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8. 	The pem cable material compacting method of claim 1, wherein the decreasing 

the cross sectional area is performed in steps with at least two sets of the at least one set of rollers 

being set to perform two of the steps. 

9. The permeable material compacting method of claim 1, further comprising 

rotating at least one roller of the at least one set of rollers to assist in drawing the permeable 

material between the at least one set of rollers. 

10. The permeable material compacting method of claim 1, wherein the decreasing 

the cross sectional area includes maintaining a substantially circular cross sectional shape of the 

permeable material. 

11. The permeable material compacting method of claim 1, further comprising 

heating the permeable material as it passes the at least one set of rollers. 

12. The permeable material compacting method of claim 1, further comprising 

rotating the at least one roller of the at least one set of rollers about an axis that is skewed relative 

to at least one other roller of the at least one set of rollers. 

13. The permeable material compacting method of claim 1, further comprising 

rotating at least one roller of the at least one set of rollers about an axis that is orthogonal to the 

axis that defines a center of travel of the permeable material. 

14. The permeable material compacting method of claim 1, further comprising 

rotating at least one roller of the at least one set of rollers about an axis that is skewed relative to 

an axis of the permeable material compacted by the at least one set of rollers. 

15. The permeable material compacting method of claim 1, further comprising 

preventing expansion of the permeable material as it travels between at least two sets of rollers of 

the at least one set of rollers. 

16. The permeable material compacting method of claim 1, further comprising 

radially compressing the permeable material. 
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