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zone for the purpose of conditioning the zone, after 
which gravel can be pumped through one of the tub 
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METHOD AND APPARATUS FOR GRAVEL 
PACKING 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 
The present invention relates to an apparatus and 

method for packing gravel within the bore of a subter 
ranean well. 

2. DESCRIPTION OF THE PRIOR ART 
Of considerable magnitude in the production of hy 

drocarbons such as oil and gas from a producing well 
is the problem of sand ?ow into the well bore from un 
consolidated formations. Production of sand with the 
?ow of hydrocarbons will cause the well bore to gradu 
ally fill up with minute sand particles until production 
perforations in the casing and, oftentimes, the end of 
production tubing inserted therein are covered, result 
ing in a significant reduction in ?uid production. In 
many instances, sand production will cause the well to 
die. 

In addition to reduction of ?uid production, ?ow of 
sand also may cause severe damage to equipment such 
as pumps, chokes and the like. In ?owing wells, ?uid 
velocity may be sufficient to scavenge sand within the 
well bore and produce it with the ?uid hydrocarbon, 
resulting in holes being cut in the tubing and ?ow lines. 
One well known means of controlling ?ow of sand 

'into the well bore is the placement of gravel on the ex 
terior of a slotted liner to filter sand produced with the 
oil or gas and thus prevent its entry into production 
tubing. The slotted liner or screen must be designed to 
prevent entry of the gravel itself into the production 
tubing. 
The reverse circulation method of packing gravel 

provides for pumping the gravel down the well in the 
annulus between the production string and the well cas 
ing. The gravel is deposited on the outer periphery of 
the screen assembly while the ?uid returns to the top 
of the well through the production tubing. A pressure 
buildup is noted at the surface and ?uid pumping 
stopped when the gravel covers the screen. After gravel 
settlement, the tubing is disconnected from the screen 
assembly and pulled out of the hole. 
Although other ?uids have been used, treated and fil 

tered production or nearby well or surface water is 
preferably used in most gravel packing processes dur 
ing the cleaning and washing procedure. The water is 
treated to remove contaminants such as cement parti 
cles, scale, and other foreign material generally result 
ing from the circulation of the water in the well bore. 
Because the volume in the annulus between the pro 
duction tubing and the well casing may be as much as 
eight to ten times greater than the volume of the pro 
duction tubing, considerably more water must be used 
and thus treated and filtered if clean ?uid is to be used 
in a reverse circulation process or method than is used 
in conventional wash down methods. 

In order to provide a gravel pack apparatus which is 
more efficient than prior art apparatuses and, primar 
ily, to drastically reduce the amount of ?uid which 
must be used during a gravel packing process, cross 
over equipment has been developed for use with screen 
assemblies and high performance packers. Such equip 
ment now has made it feasible to gravel pack using only 
a fraction of the volume of ?uid heretofore utilized be 
cause the ?uid is maintained within the tubing and is 
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2 
circulated only within the treatment zone which is iso~ 
lated by the packing element of the packer. 
Although such an apparatus has provided many ad 

vantages over use of conventional prior art techniques, 
its use may be con?ning because it cannot be success 
fully utilized in high pressure wells which require the 
use of high density ?uids, such as highly weighted 
muds, instead of water. If such an apparatus were uti 
lized in conjunction with a mud system, the screen as 
well as the gravel pack would become plugged and 
would severely limit hydrocarbon production there 
through. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an apparatus and method for gravel packing 
wherein the zone being gravel packed is completely iso 
lated from well control ?uid (mud) during the gravel 
pack operation and may remain isolated from it if de 
sired, after completion of the gravel pack operation. 

It is also an object of the present invention to provide 
an apparatus and method for packing gravel which re 
duces the required movement of tubing during the pro 
cess. 

It is a further object of the present invention to pro 
vide an apparatus and method for gravel packing 
wherein high pressures may be utilized during acidizing 
and squeezing of gravel into the formation. 
Other objects of the present invention will be readily 

apparent from a reading of the FIGS, the speci?cation 
below, and the claims. 
The present apparatus for packing gravel within a 

well isolates the zone to be gravel packed from well 
?uid normally used to contain the well pressure. The 
apparatus utilizes plural or dual strings of tubing associ 
ated with a packer, which is set within the well casing 
with a liner assembly being attached to the packer and 
positioned adjacent to perforations within the well cas 
ing. The liner assembly comprises a production screen, 
preferably long enough to cover or straddle substan 
tially all casing perforations to be gravel packed. The 
tubing strings are in sealed relation to the packer, with 
one of the tubing strings extending to the lower portion 
of the liner assembly and with another tubing string ex 
tending from the top of the well to the packer. The ap 
paratus permits selective circulation down one string, 
around or through the linerv assembly and up through 
the other string for circulation of treating ?uid or 
placement of gravel. The invention also incorporates a 
method utilizing the apparatus as above described for 
selectively directing the ?ushing and gravel packing 
?uids through the tubing strings and into and from the 
annulus around the liner assembly, as well as the inte 
rior of the liner assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a and 1b are schematic drawings of an appa 
ratus showing a packer with a liner assembly therebe 
low which has been set in a well opposite casing perfo 
rations and with parallel tubing strings associated 
therewithin, the apparatus being positioned for circu 
lating flushing ?uids through the perforated casing re 
gion. FIG. 1b is a lower'continuation of the apparatus 
shown in FIG. la. 
FIG. 2 is similar to FIGS. la and lb, but shows the 

circulating assembly in open position and the ?ow of 
?uid during gravel packing indicated by arrows. 
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FIG. 3 shows the upper seal means disengaged and 
?ow of ?uid for washing the interior of the liner assem 
bly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention encompasses utilization of a packing 
mechanism 1 to the lowered end of which has been af 
fixed a liner assembly 2. The particular packing mecha~ 
nism 1 utilized is not critical to the invention and may 
vary considerably in design, construction and opera 
tion. It is adapted to be lowered in the well casing 9 and 
anchored in a packed-off condition therewithin against 
longitudinal movement in both upward and downward 
directions in a known manner. The packing mechanism 
1 may generally be similar to that as detailed in U.S. 
Pat. No. 3,229,767. Because the packing mechanism 1 
can be selected from a number of commercially avail 
able tools, and its design not being a critical part of the 
present invention, it is believed that the above descrip 
tion is more than sufficient to teach one skilled in the 
art its use in conjunction with the invention at hand. 
Therefore, further detailed elaboration of the packing 
mechanism 1 is not believed to be necessary. 
The liner assembly 2 includes upper and lower seal 

receptacles 3a and 3b, each having a smooth cylindrical 
surface 11 extending inwardly within the bore 12 of the 
liner assembly 2 for sealingly engaging the upper and 
lower seal means 10a and 10b, respectively, which are 
affixed to a long tubular string 13, the seal means 10a 
and 10b each having an outer diameter only slightly 
larger than the internal diameter of the seal receptacles 
3a and 3b, so that when each of the upper and lower 
seal means 10a and 10b are engagingly positioned 
within their respective seal receptacles 3a and 3b, ?uid 
is prevented from traveling therebetween. This can 
generally be accomplished by utilizing a seal means 10a 
and 10b having a slightly ?exible rubber-like outer lip 
surface 14 which will compress slightly when urged into. 
sealing position within the respective seal receptacles 
3a and 3b. 
Spaced vertically on the liner assembly 2 on the 

lower portion thereof below and adjacent to a tubing 
section 5 is a production screen 6 having a desired per 
meability to allow the transfer of ?ushing ?uids but to 
block out the ?ow of sand and gravel. A tell tale screen 
section 4 is spaced above and adjacent to the tubing 
section 5 for a purpose which will hereinafter de 
scribed. Below the production screen 6 is a second sec 
tion of tubing 15 and a lower seal receptacle 312 for the 
sealing engagement of the lower end of the long tubular 
string 13. Below the lower seal receptacle 3b is a dis 
charge valve 7 which prevents entry of well ?uids 
within the liner assembly to the casing annulus 9a. 
The liner assembly 2 and the packing mechanism 1 

form a housing for the dual string assembly 16 which 
comprises a parallel ?ow tube 17 threadedly connected 
to the tubular long string 13 run into the well and serves 
to sealably engage a second string of tubing 19 and to 
also sealably engage with the bore la of the packing 
mechanism 1 by means of circumferentially extending 
seals 22, which are of a similar construction as seals 
10a and 10b. Thus, when the dual string assembly 16 
is positioned within the packing mechanism 1, there 
can be no communication of fluid from above to below 
the packing mechanism 1 except through the tubular 
strings 13 and 19. The parallel ?ow tube 17 provides 
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4 
separate passages 20 and 21 through the packing mech~ 
anism 1 for respective ?owing engagement between the 
tubing strings l3 and 19 and conducts ?uid to or from. 
the liner assembly 2, as will be described in more detail 
below. 
The parallel ?ow tube 17 has a series of circumferen 

tially extending and slightly outwardly protruding seal ‘ 
means 22 to permit adequate longitudinal movement of ‘ 
the tubular strings 13 and 19 without inadvertent disen» 
gagement of the seals 22 from the bore 1a of the pack- ‘j 
ing mechanism 1 during limited raising or lowering of‘ 
the tubular strings l3 and 19 in the practice of the 
method,as will be described. 
Immediately above the seal means 22 on the parallel’ 

?ow tube 17 is an enlargement or shoulder 23 which 
can engage the upper end of the packer bore 1a 'of the 
packing mechanism 1 and which serves as a stop to 
limit downward travel of the parallel ?ow tube 17 
through the packing mechanism‘l. The ?rst passage‘ 
way 20 in the parallel ?ow tube 17 houses a nipple 26 
on the upper end for connection of the upper portion 
13a of the long tubular string 13. The passageway 20 
provides a ?ow path between the upper portion 13a of 
the tubular‘ long string 13 and the lower portion 13b 
thereof in the liner assembly 2. Forming the upper por- 7 
tion of passageway 21 is a circumferentially extending , 
smooth seal surface 25 which will sealably engage with 
a seal assembly 27 run on the second or short string of 
tubing 19. The lower end of the passageway 21 opens 
into the bore 12 between the exterior of‘ the lower por 
tion 13b of the long tubular string 13 and the interior. 
of the liner assembly 2. The upper portion 17a of the 
parallel ?ow tube 17 is concave with its apex located 
on the same centerline as that of the second passage-. 
way 21. Thus the seal assembly 271 on the lower end of 
the short string of tubing 19 will be guided into its. mat 
ing seal bore in passageway 21 as it is lowered into 
place. ‘ , 

Immediately above the lower seal 31 of annular seal 
means 10b is a circulating assembly 32 having a tubular ‘ 
housing 33 with a series of circumferentially spaced 
ports 34 which are initially closed by means of a verti 
cal sliding internal sleeve 35 also initially secured to the 
tubular housing 33 by means ofa shear screw 36 within 
a bore 36a. The sliding sleeve 35 has a ball seat 37 in 
the uppermost portion thereof as well as a series of 
elastomeric side seals 38, which initially prevent escape ‘ 
of ?uid between the sleeve 35 and the tubularhousing 
33 when the ports 34 are in initially‘ close position as 
the result of the engagement of the sleeve 35 by the 
shear screw 36. At the lowerend of the tubular housing 1 
33 is a shoulder 39 for the limitation of lower travel of 
the sliding sleeve 35. As detailed hereinafter, a ball 40 
inserted at the top of the well through‘ the long tubular 
string 13 will gravitate or can'be pumped down the 
string 13 to sealingly engage the seat 37. i 
The dischargevalve 7 positioned on the lower por 

tion of the liner assembly 2 is a check valve permitting. 
downward ?ow and preventing upward ?ow of ?uid. 
Although several common and known discharge valves 
7 could be utilized for this purpose, a spring loaded’ 
mushroom shaped poppet valve 7 is depicted in open‘ 
position in FIG. 1b. 
The liner assembly 2'also has a series of circumferenr 

tially spaced ports 8 above the seal receptacle 3a for 
the travel of ?uid between the bore 12 of the liner as-' 
sembly 2 to the casing annulus 9a. 
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OPERATION OF THE METHOD 

In order to establish a base to support the gravel 
pack, a bridge plug B-P may be set below the lower 
most end of the perforations P. . 

The packing mechanism 1 with the liner assembly 2 
attached thereto is set at a predetermined depth withinv 
the casing annulus 9a in the well prior to initiation of 
the gravel packing operation. The setting mechanism is 
withdrawn and returned to the well surface. After the 
packing mechanism 1 has been set, the parallel ?ow 
tube 17 is lowered into the well on the long tubular 
string 13a until the tube 17 enters the bore 1a of the 
packing mechanism 1 and so that the upper and lower 
seal means 10a and 10b, are respectively sealingly en 
gaged within their receptacles 3a and 3b of the liner as 
sembly 2 and, concurrently, the seal means 22 on paral 
lel ?ow tube 17 are sealingly engaged in the bore 1a of 
the packing mechanism 1. The short tubular string 19 
is then run into the well and communicatingly affixed 
to the passageway 21 within the parallel ?ow tube 17. 
The entire apparatus A now is in condition for initia 
tion of the gravel packing procedure. 
At this point, a ?ushing ?uid is pumped from the top 

of the well through the long tubular string 13, exiting 
the long tubular string 13 through the opened discharge 
valve 7 (which is urged openly by the pressure within 
the long tubular string 13) and travels to the outside of 
the liner assembly 2 and into the annulus 9a of the well 
casing 9. As the ?ushing ?uid rises in the annulus 9a, 
the contaminated well ?uid is displaced from the annu 
lus 9a into the liner assembly 2 through the ports 8 in 
the upper portion of the liner assembly 2 and flows 
through the tubular short string 19 to the top of the well 
for disposal. 
Upon completion of the step as described above, the 

ball 40 is pumped down the long tubular string 13 until 
it comes to rest on the seat 37. Application of pressure 
to the long tubular string 13 then pumps the sliding 
sleeve 35 downward, ?rst shearing the shear screw 36 
and then exposing the ports 34. Downward movement 
of the sliding sleeve 35 is limited by contact of the 
lower end of the sleeve 35 with the shoulder 39. The 
placement of the ball 40 on the ball seat 37 sealingly 
prevents subsequent pumping or ?ow of fluid through 
the lower portion 13b of the long tubular string 13 and 
will permit fluid to travel in the annulus 28 between the 
liner assembly 2 and the long tubular string 13 because 
of the exposure and open position of the ports 34. 
Thereafter, ?ushing ?uid is reverse circulated down 

the short string 19 and through the ports 8 in the liner 
assembly 2 above the upper seal receptacle 3a. The 
?uid travels downwardly in the annulus 9a of the well 
casing 9 and re-enters the liner assembly 2 through the 
porous production screen 6 and the tell tale screen 4, 
thereby cleaning each of the screens 6 and 4 and dis 
placing well ?uid upwardly by means of opened ports 
34 within the circulating assembly 32 on the lower por 
tion 13b of the tubular long string 13. The ?uid travels 
to the surface of the well upwardly through the tubular 
long string 13 for subsequent disposal. 
Thereafter, gravel is pumped down the short tubing 

string 19, exiting the liner assembly 2 through the ports 
8 and traveling into the annulus 9a of the casing 9. The 
pumping of the gravel is continued and pressure is ex 
erted within the short tubing string 19 in order to 
squeeze the gravel behind the perforations P. A valve 
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6 
(not shown) on the long tubular string 13 is opened at 
the surface of the well and the gravel packing is contin 
ued until the bore 9a is filled with gravel particles and 
until an increase in back pressure indicates that the tell 
'tale screen 4 has been covered with gravel. 

Upon notation at the well surface of an increase in 
:back pressure, the tubular strings 13 and 19 are raised 
so that the upper seal means 10a are disengaged from 
the upper seal receptacle 3a. Fluid then is circulated 
down the long tubular string 13 through the annular 
area or bore 12 of the liner assembly 2 and back to the 
surface through the tubular short string 19 to wash out 
any ?ne particles of sand or gravel that may have 
passed through the screens 4 and 6 to the annular area 
12. The ?uid exits the liner assembly 2 through the 
opened ports 34 below the production screen 6 and 
travels in the annulus 12 between the lower portion 13b 
of the tubular string 13 and the liner assembly. 2 past 
the tell tale screen 4 and exits the part of the liner as 
sembly 2 below the upper seal receptacle 3a through 
the canal 47 resulting from the disengagement of the 
upper seal means 10a from the upper seal receptacle 3a 
and continues upwardly to the top of the well through 
the tubular short string 19. The circulating of the ?uid 
may be reversed if desired. 

After the above described step is completed, both 
strings of tubing 13 and 19 may be lowered to their 
original position and the well put on production. Alter 
natively, the strings l3 and 19 may be pumped full of 
mud to kill the well so that the strings 13 and 19 can 
be safely removed from the well. Subsequently,ythe well 
can be completed with one string of tubing with seals 
on its lower end inserted into the bore la of the packing 
mechanism 1. 
Although the invention has been described in terms 

of specified embodiments which are set forth in detail, 
it should be understood that this is by illustration only 
and that the invention is not necessarily limited thereto, 
since alternative embodiments and operating tech 
niques will become apparent to those skilled in the art 
in view of the disclosure. Accordingly, modifications 
are contemplated which can be made without depart 
ing from the spirit of the described invention. 
What is claimed and desired to be secured by Letters 

Patent is: 
1. An apparatus for use in a subterranean well having 

a production zone and ?uid in said well, comprising: 
isolation means for isolating the production zone from 
the ?uid in the well above the zone, said means defining 
first and second ?uid passages communicating with the 
zone and having means adapted to receive first and sec 
ond tubular strings extending from said means to the 
top of the well; a liner assembly carried by and depend 
ing from said isolation means, said assembly including 
a first perforated member through which ?uid can flow 
between the exterior and the interior of said member, 
said assembly having means for providing ?uid in com 
munication with said first ?uid passage and the exterior 
of said perforated member; a second tubular member 
within said liner assembly‘providing a fluid passageway 
communicating with said second ?uid passage and 
communicable with the interior of said perforated 
member; and means for selectively controlling ?uid 
flow in said passageway. 

2. The apparatus as defined in claim 1 wherein said 
means for selectively controlling fluid ?ow includes a 
port- in said second tubular member opening into the 



3,913,676 
7 

interior of said perforated member; and valve means in 
said second tubular member movable between posi 
tions closing and opening said port. 

3. The apparatus as defined in claim 1 wherein said 
means for selectively controlling fluid ?ow includes a 
port in said second tubular member opening into the 
interior of said perforated member; a sleeve valve 
member closing said ‘port; and means engaging said 
sleeve valve member for shifting said sleeve valve mem 
ber to port opening position. 

4. The apparatus as defined in claim 1 wherein said 
means for selectively controlling ?uid ?ow includes a 
port in said second tubular member opening into the 
interior of said perforated member; valve means in said 
second tubular member closing said port; downwardly 
opening valve means in said liner member below said 
perforated member through which ?uid ?owing 
through said second tubular member can ?ow into the 
well externally of said liner assembly; and means for 
shifting said first mentioned valve means to port open 
ing position. 
5.‘The apparatus as defined in claim 1 wherein said 

means for selectively controlling ?uid ?ow includes a 
port in said second tubular member opening into the 
interior of said perforated member; a sleeve valve 
member closing said port; means engaging said sleeve 
valve member for shifting said sleeve valve member to 
port opening position; downwardly opening valve 
means in said liner assembly below said perforated 
member through which ?uid ?owing through said sec 
ond tubular member can ?ow into the well externally 
of said liner assembly. 
6.,An apparatus for use in a subterranean well having 

a production zone and ?uid in said well, comprising: a 
well packing mechanism; a liner assembly connected to 
and extending below said packing mechanism, said as 
sembly including a perforated member having perfora 
tions sized to prevent entry of particulate matter 
through the perforations into the interior of said perfo 
rated member; ?rst and second interior seal receptacles 
on opposite ends of saidperforated member; means 
having first and second ?ow passages therethrough and 
sealed within the well packing mechanism, said first 
and second ?ow passages being adapted to be placed 
in communication with first and second tubular strings, 
respectively, extending to the top of the well; a tubular 
extension within said liner assembly adapted to com 
municate with said first tubular string and providing at 
least a part of said first ?uid passage; first and second 
seal means on said tubular extension for respective se 
lective sealing engagement with said first and second 
interior seal receptacles; means on the liner assembly 
above said first seal receptacle defining a ?uid passage 
way providing at least a part of said second‘?uid pas 
sage; and means for selectively controlling ?uid ?ow in 
said ?rst and second ?ow passages. 

7. The apparatus as de?ned in claim 6, wherein said 
means for selectively controlling fluid ?ow includes a 
port in said tubular extension opening into the interior 
of said perforated member; and valve means in said tu 
bular extension movable betweenpositions closing and‘ 
opening said port. 

8. The apparatus as defined in claim 6 wherein said 
means for selectively controlling fluid ?ow includes a 
port in said tubular extension opening into the interior 
of said perforated member; a sleeve valve member clos 
ing said port; and means‘ engaging said sleeve valve 
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8 
member for shifting said sleeve valve member toport 
opening position. 

9. The apparatus as defined in claim 6 wherein said 
means for selectively controlling ?uid flow includes a 
port in said tubular extension opening into the interior 
of said perforated member; valve means in said tubular 
extension closing said port; downwardly opening valve 
means in said liner member below said perforated. 
member through which ?uid ?owing through said tubu-‘ 
lar extension can ?ow into the well externally of said I 
liner assembly; and means for shifting said ?rst 
mentioned valve means to port opening position. 

10. The apparatus as defined in claim 6 wherein said 
means for selectively controlling ?uid flow includes a 
port in saidtubular extension opening into the interior‘ 
of said perforated member; a sleeve valve member clos 
ing said port; means engaging said sleeve valve member 
for shifting said sleeve valve member to port opening 
position; downwardly opening, valve means in said liner 
assembly below said perforated member through which 
fluid ?owing through said tubular extension can ?ow 
into the well externally of said liner assembly.‘ 

11. The, apparatus as de?ned in claim 6; said‘tubular» 
extension and said means sealed within the well pack~ 
ing mechanism being longitudinally shiftable to remove ‘ 
the upper of said seal means from the upper of said in- ~ 
terior seal receptacles while said seal of said means 
within the well packing mechanism remains to enable . 
?uid to ?ow from the interior of said tubular extension 
into the interior of said perforated liner. for upward 
?ow of ?uid into the second ?ow passage. 

12. The apparatus as de?ned in claim 6 wherein said‘. 
means for selectively controlling ?uid ?ow includes a 
port in said tubular extension opening into the interior 
of said perforated member; valve means in said tubular 
extension movable between positions closing and open 
ing said port; said tubular extension and said means , 
sealed within the well packing mechanism being longi~ 
tudinally shiftable to remove the upper of said seal 
means from the upper of said interior seal‘receptacles 
while said seal'of said means within the well packing 
mechanism remains to enable ?uid to flow from the in 
terior of said tubular extension into the interior of said 
perforated liner for upward ?ow of ?uid into the sec- ‘ 
ond ?ow passage. . 

13. The apparatus as de?ned in claim 6 wherein‘ said 
means for selectively controlling ?uid flow includes a . 
port in said tubular extension opening into the interior 
of said perforated member; a sleeve valve member clos- ' 
ing said port; means engaging said sleeve valve member 
for shifting the said sleeve valve member to port open 
ing position; downwardly opening valve means in said 
liner assembly below said perforated member through 
which ?uid ?owing through said tubular extension can 
?ow into the well externally of said liner assembly; said‘ 
tubular extension and said means sealed ‘within the well 
packing mechanism being longitudinally shiftable to . 
remove the upper of said seal means from the upper of i ‘ 

said interior seal receptacles while said seal of said ' 
means within the well packing mechanism remains to 
enable ?uid to ?ow from the interior of said tubular ex 
tension into the interior of said perforated liner for up 
ward ?ow of ?uid into the second ?ow passage. 

14. A method for gravel packing a production zone 
in a well comprising the steps of: running a well packing 
mechanism with a perforated liner depending there~ 
from in the well and setting said mechanism in the well, 
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above the production zone; providing ?rst and second 
?uid passages extending within the well packing mech 
anism; providing ?rst and second tubular strings com 
municating with said ?rst and second ?uid passages, re 
spectively, and extending to the top of'the well, said 
first ?uid passage extending into the perforated liner, 
said second ?uid passage communicating with the exte 
rior of the perforated liner; pumping ?uid containing 
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10 
gravel down one of said strings and through its associ 
ated ?uid passage into the zone surrounding the perfo 
rated liner, the ?uid in advance of the ?uid containing 
gravel and in the zone surrounding the perforated liner 
?owing through the other ?uid passage and the other 
of said strings to the top of the well. 

* * * * * 


