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(57) ABSTRACT 

For extracting a liquid (such as oil) from a porous medium, 
the liquid is subjected to pulses that propagate through the 
liquid ?owing through the pores of the medium. The pulses 
cause momentary surges in the velocity of the liquid, Which 
keeps the pores open. The pulses can be generated in the 
production Well, or in a separate excitation Well. If the pulses 
travel With the liquid, the velocity of travel of the liquid 
through the pores can be increased. The solid matrix is kept 
stationary, and the pulses move through the liquid. The 
pulses in the liquid can be generated directly in the liquid, 
or indirectly in the liquid via a localized area of the solid 
matrix. 

computer and 
analyser 

overburden 

{'3- dedicated - {'3 
.: reduction .; 

We“ 13:. monitcilring p We“ -' 
we 

casing - 

geophone, consolidated caskllng 
pressure sediments 990p one’ 

‘/ -'_'-‘.".:‘."~_-ports 
_] _ 

Z : reservoir 2 > 
< =_ 2.5-2.9 km/s < : 

j : Z =._ 

l: ..._._., |_ __ 

' "66541663;aware' " " ' 



Patent Application Publication Aug. 30, 2001 Sheet 1 0f 13 US 2001/0017206 A1 



Patent Application Publication Aug. 30, 2001 Sheet 2 0f 13 US 2001/0017206 Al 

F. 

25 

l 1 

2 f 
i 

IIWI. 

28 
llllll. 



Patent Application Publication Aug. 30, 2001 Sheet 3 0f 13 US 2001/0017206 A1 

With Screen 
A 120 
O 
8 
‘U 100 
2 
Q 

g 80 
X 
Q) 

.‘Q 60 
3 
g 
B 40 
Q) 

5 2o_ 
0 

> O_ 

O 5 10 15 2O 25 30 

Time (minutes) 
F|G.3 

Without Screen 
90 

80- 

Volume of liquid extracted (cc) —l- N CO b O‘! O) \l 
O Q O O O O O O l | | | | l | | 

10 15 2O 25 
Time (minutes) 

O ()1 



Patent Application Publication Aug. 30, 2001 Sheet 4 0f 13 US 2001/0017206 A1 

v5 
8 0.4 
a; 
g 
(D _ 

E 0'3 P1 (nearest to exit) 

2 0.2 
3 
(I) 

8 
E 0.1 

3 
(nearest to inlet) 1 

of Pulse FIG-5 



Patent Application Publication Aug. 30, 2001 Sheet 5 0f 13 US 2001/0017206 A1 

Y 
/ 

40 

A4 H3 Q 

Section Y-Y' ‘\1 



Patent Application Publication Aug. 30, 2001 Sheet 6 0f 13 US 2001/0017206 Al 

F y y 

‘overburden reservolr . v . . 

_ 48 

excltation devices 09 O 

IHHHIHII 48 



Patent Application Publication Aug. 30, 2001 Sheet 7 0f 13 US 2001/0017206 Al 

N W W W W 

3 

825 7 _ llhMJ 



Patent Application Publication Aug. 30, 2001 Sheet 8 0f 13 US 2001/0017206 A1 

Y. 
s 

\\.. f. \\... \\..... 



Patent Application Publication Aug. 30, 2001 Sheet 9 0f 13 US 2001/0017206 A1 

JNV/QWWMMN 

74 

69/ 

_ 72 
r '1 

II H 
II || 

1! :! 

_/’73 

701' (I I) 
76 



Patent Application Publication Aug. 30, 2001 Sheet 10 0f 13 US 2001/0017206 A1 

83 J Eccentric Cam/L 
| 

>85 

FIG.11 



Patent Application Publication Aug. 30, 2001 Sheet 11 0f 13 US 2001/0017206 A1 

S1 S2 

fluid inflow @ 

: U1 U3 : 

@L granular __/_ 86 
reaction 
bed 



Patent Application Publication Aug. 30, 2001 Sheet 12 0f 13 US 2001/0017206 A1 

2:3 22 $6520: 
. 

wtOQ. ‘. .. mSwwwE 65.30% H_ mEwmQ 
.. =m>> w. cozosnoi 

:mEznESo 
j‘ 96 659:8 

@Ex m.m-m.m :oEmwE m2; was WFCQEUUQW vQmgomcoo Ewzmcm 

=95 .. mc=9E0E ._...... 8323c 
mSwwwE .mcocnowmm mcmwmo . =m>> m. cosmtoxw .H 

$5580 womt? 



Patent Application Publication Aug. 30, 2001 Sheet 13 0f 13 US 2001/0017206 A1 

VELOCITY OF -_> LIQUID IN PORE P 

TIME —-—> 
FIG.14A 

VELOCITY OF —> LIQUID IN PORE P 

T|ME_> 

FIG.14B 



US 2001/0017206 A1 

ENHANCEMENT OF FLOW RATES THROUGH 
POROUS MEDIA 

GENERAL DESCRIPTION OF THE INVENTION 

[0001] This invention relates to the dynamic enhancement 
of ?uid ?oW rates in a porous medium, using pressure and 
strain pulsing. The invention relates to devices and methods 
designed to explicitly enhance the ?oW rate of ?uids (liquids 
or gases) and mixtures of ?uids and solids (e.g. oil and sand 
particles) in porous media by means of application of 
pressure pulsing or strain pulsing to the region of ?oW. The 
pressure pulsing is applied to the liquid phase of a porous 
medium through periodic cycling of liquid volumes by 
mechanical, hydraulic, or pneumatic devices at one or more 
points. Strain pulsing can similarly be applied through 
mechanical or electromechanical excitation. The tWo pro 
cesses are intimately linked in that a pressure pulse gener 
ates a strain pulse, and vice-versa. Dynamic enhancement of 
?uid ?oW rate can be applied to the folloWing technologies: 

[0002] How of liquids or liquid-solid mixtures to Well 
bores in petroleum or Water extraction processes from 
porous media. 

[0003] How of liquids or liquid-solid mixtures in 
porous media to Wells, sumps or other pressure sinks 
during cleaning of contaminated shalloW aquifers com 
prised of sand, gravel, or fractured rock. 

[0004] How of liquids or liquid-solid mixtures in con 
tained or natural porous media beds used for chemical 
engineering reaction processes, ?ltration, re?ning, 
cleaning, or other processes Where liquids or liquid 
solid mixtures are ?oWing from one point to another 
under the effect of a pressure or gravity-induced gra 
dient. 

LIST OF THE DRAWINGS 

[0005] FIG. 1 is a section of a porous medium; 

[0006] FIG. 2 is a diagram of an apparatus for demon 
strating dynamic enhancement of ?oW rate through the 
medium of FIG. 1; 

[0007] FIG. 3 is a graph of a ?uid ?oW rate enhancement, 
Without entrained solids; 

[0008] FIG. 4 is a graph of a ?uid ?oW rate enhancement, 
With entrained solids; 

[0009] FIG. 5 is a graph shoWing pressure pulse trans 
mission through the porous specimen; 

[0010] 
[0011] FIG. 7a is a plan vieW of a ?eld implementation for 
oil production; 

[0012] FIG. 7b is a section on line Y-Y of FIG. 7a; 

[0013] FIG. 8 is an implementation of ?oW enhancement 
in horiZontal Wells; 

[0014] 
[0015] FIG. 10a is a section of a Well having a strain 
pulsing device; 

[0016] 
a Well; 

FIG. 6: Strain Pulse FloW Enhancement Apparatus 

FIG. 9 is a section of a pressure pulsing device; 

FIG. 10b is a section of a strain-pulsing device in 
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[0017] FIG. 10c is a cross-section of a portion of the 
device of FIG. 10a; 

[0018] FIG. 11 is a section of a vibrational enhancement 
device located at the ground surface; 

[0019] FIG. 12 is a section through a reaction bed of 
granular material; 

[0020] FIG. 13 is a section of an installation for creating 
pulses, producing oil, and monitoring the production; 

[0021] FIG. 14a is a graph of the velocity of liquid 
passing through a pore in a porous medium, With pulses; 

[0022] FIG. 14b is a corresponding graph to FIG. 14a, 
When the pulses are at a different frequency. 

1 DEFINITIONS 

[0023] In the context of this speci?cation, a porous 
medium is a natural or man-made material comprising a 
solid matrix and an interconnected pore (or fracture) system 
Within the matrix. The pores are open to each other and can 
contain a ?uid, and ?uid pressure can be transmitted and 
?uid ?oW can take place through the pores. Examples of 
natural materials include gravels, sands and clays; sand 
stones, limestones and other sedimentary rocks; and frac 
tured rocks including fractured sedimentary rocks Which 
have both fractures and pores through Which ?uids may 
?oW. Examples of man-made porous media include ?ltration 
beds of natural or arti?cial granular materials or manufac 
tured solid porous materials, as Well as beds of catalysts used 
to accelerate reactions betWeen ?uid phases or ?uid-solid 
phases during re?ning, chemical synthesis, or other pro 
cesses. Structures such as tailings dikes, dams, ?uid recharge 
or ?ltration beds, and so on, can be regarded as porous 
media. 

[0024] The porosity of a porous medium is the ratio of the 
volume of open space in the pores to the total volume of the 
medium Systems of practical interest in the present context 
have porosities that lie in the range 5% to 60%. 

[0025] The porosity (pore, fractures, and channels) is ?lled 
With ?uids, Which may be gases or liquids or a combination 
of the tWo. Liquids can be oil, Water (With dissolved con 
stituents), or man-made liquids such as gasoline, chlorinated 
bi-phenyls, polymers, and non-aqueous phase liquids delib 
erately or accidentally introduced into the porous medium. 
Gases may be natural hydrocarbons, air, carbon dioxide, or 
man-made gaseous products introduced deliberately or acci 
dentally into the porous medium. 

[0026] All porous media are characteriZed by a perme 
ability. Permeability is an average measure of the geometry 
of the pores, pore throats, and other properties Which 
describes the ?oW rate of ?uids through the medium under 
the effect of a pressure gradient or a gravity force induced 
because of differences in density among ?uid phases or 
solid-?uid phases. 

[0027] Pressure pulsing is a deliberate variation of the 
?uid pressure in the porous medium through the injection of 
?uid, WithdraWal of ?uid, or a combination of alternating 
periods of injection and WithdraWal. The pressure pulsing 
may be regular or irregular (periodic or aperiodic), continu 
ous or episodic, and it may be applied at the point of 
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WithdraWal or at other points in the region of the porous 
medium affected by the ?oW process. 

[0028] Strain pulsing is a deliberate variation of the strain 
at a point or local region in the porous medium by applying 
changes in strain through a device Which vibrates, oscillates, 
or Which expands and contracts in volume. The strain 
pulsing may be regular or irregular, continuous or episodic, 
and it may be applied at the point of WithdraWal or at other 
points in the region of the porous medium affected by the 
?oW process. 

[0029] Dilational and shear pulses are the tWo basic types 
of excitation. In a dilational pulse, the perturbation is 
isotropic (equal in all directions) at the point of application, 
and may be termed a volumetric pulse. Pressure pulsing is 
dominantly a dilational perturbation. The dilational pertur 
bation moves out in all directions approximately equally and 
is subject to scattering phenomena. In a shear pulse, a 
relative lateral excitation is applied so that the energy 
imparted to the porous medium is dominated by shear 
motion, such as occurs When slip occurs along a plane. Shear 
perturbation is highly anisotropic, and the distribution of 
energy depends on the orientation of the perturbing source. 
Shear perturbations can therefore in principle be focused so 
that more energy propagates in one direction than in another. 
Strain pulsing can be anisotropic or isotropic, depending on 
the nature of the excitation source. 

[0030] How takes place in a porous medium through 
generating a pressure gradient in the mobile (moveable) 
phases by creating spatial differences in ?uid pressures. 
Reducing or increasing the pressure at a number of points 
may generate this by the WithdraWal or injection of ?uids. It 
may also be generated through the force of gravity acting 
upon ?uids of different density, such as oil, formation Water, 
gas or air, injected non-aqueous phase liquids and other 
?uids. In a system Where the solid particles are partly free to 
move, density differences betWeen solids and ?uids may also 
lead to gravity-induced ?oW. 

[0031] In a porous medium containing tWo or more non 
miscible ?uids (oil and Water for example), the Wetting 
phase is that gas or liquid Which, because of surface tension 
and Wettability effects, is in contact With the majority of the 
solid material. It forms the pendular ?uid contacts betWeen 
grains in a granular porous medium, and coats the Walls of 
?oW channels (FIG. 1). The non-Wetting phase is that gas or 
liquid Which lies in the interstices and channels and is 
separated from the solid material by a ?lm of the Wetting 
phase ?uid. In FIG. 1, the mineral grains 1 are coated With 
a Wetting liquid 2, While a non-Wetting liquid 3 occupies the 
rest of the pore space. The pore throat dimension 4, averaged 
through the medium, is important in dictating the velocity at 
Which liquid can pass through the pores 5 of the medium. 

[0032] The non-Wetting phase 3 might be continuous or 
discontinuous. If it is continuous, then an interconnected and 
uninterrupted path of that liquid exists in the medium. If it 
is discontinuous, the non-Wetting phase may exist as isolated 
droplets or regions, Which are noWhere in direct physical 
contact With other regions of the same phase. 

2 EVIDENCE OF DYNAMIC ENHANCEMENT 
OF FLUID FLOW 

[0033] There exist in the public literature observations of 
increased ?oW rates in oil Wells and Water Wells during and 
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after dynamic excitation from earthquakes or other events 
Which can create suf?cient strain in the medium to affect the 
porosity, and the through-?oW velocity of the liquid, even in 
a minuscule manner. 

[0034] In the systems as described herein, periodic or 
irregular pressure pulsing in a ?oWing system under a 
pressure gradient increases the ?oW rate of the mobile phase 
toWard the extraction point. 

[0035] Field observations con?rm that a porosity pertur 
bation applied to a petroleum Well enhances ?oW to the Well 
for some time thereafter by increasing the mobility of the 
?uid phase. In the case of a petroleum Well producing ?uid 
and sand, a general increase in the mobility of the complex 
solid-liquid-gas ?oWing phase takes place. The perturbation 
in these cases may also be a single sharp pressure pulse 
applied at the production Well. 

[0036] Theoretical developments and ?eld observations 
shoW that ?uid ?oW rate to a producing Water Well or 
petroleum Well is enhanced if the liquid-?oW-borne solids 
are alloWed to enter the Wellbore in an unimpeded manner. 
This is analogous to a porosity diffusion process in that a 
porosity change occurs as the solid phase is produced along 
With the liquids. This porosity change sloWly propagates out 
from the production point into the porous medium through 
a diffusive mechanism, and is accompanied by changes in 
the pressure and pressure gradient With time and location 
around the Wellbore. In the oil industry, the process of 
alloWing the sand to ?oW unimpeded is called cold produc 
tion, cold ?oW, or sand production. 

[0037] In general, the ?oW enhancement accompanying 
any porosity diffusion process takes place in a system With 
a pressure gradient, and the processes preferentially increase 
?oW rates of the mobile, non-Wetting phase if more than one 
?uid is present as a continuous phase. 

[0038] One feature of the invention lies in the recognition 
that dynamic excitation through application of a pressure 
pulse, a strain pulse, or a series of pulses anyWhere in the 
?oWing porous medium can enhance the ?oW rate. Fluid rate 
enhancement occurs at the exit points of a given system 
(Wellbore, reaction bed, and pipeline), that are also the 
points of loW pressure in the medium. Furthermore, We have 
recognised that the ?uid ?oW enhancement can be theoreti 
cally predicted and analysed, measured in the laboratory, 
and physically explained. 

[0039] In addition to the porosity diffusion effect and the 
enhancement in ?oW rate that it generates, dynamic excita 
tion has several other bene?cial effects on production per 
formance of Wells. The dynamic excitation may be induced 
as a pressure pulse or a strain pulse, generated by a pulsating 
or vibrating source. Excitation may be periodic or aperiodic, 
continuous or episodic, and applied in the stratum or at the 
surface, provided that suf?cient porosity diffusion amplitude 
is transmitted to the region of interest. 

[0040] The permeability of a conventional producing Well 
can be impaired by the migration and consequent accumu 
lation in the near-Wellbore environment of ?ne-grained solid 
particles, Which can pass through the pore throat constric 
tions in the porous medium. When, as described herein, the 
porous medium is being dynamically excited the tendency 
for these particles to bridge and block porosity is substan 
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tially reduced, thus allowing the Well to maintain ?owing 
conditions With a minimum of impairment. 

[0041] Particularly in viscous heavy oils but also in some 
conventional oils, certain liquids (asphaltenes in general) 
can be precipitated as small siZe solid particles When the 
liquid encounters the loWer pressures near the Wellbore. 
These particles can accumulate in the pore throats, impairing 
the permeability of the system and reducing the ?oW rate to 
the producing Well. Dynamic excitation, as described herein, 
provides cyclic strain energy aimed at mitigating the ten 
dency for blockages of these precipitants, maintaining the 
Well in a superior ?oWing condition. 

[0042] Finally, under conditions Where the granular par 
ticles of the porous medium are alloWed to ?oW along With 
the ?uids (as in sand production), the ?oWing particles may 
bridge together near the Wellbore, forming a stable sand 
arch, and stop the solids ?oW. This condition leads to a 
massive deterioration in the ?uid productivity of the Well. 
Dynamic excitation, as described herein, provides a pertur 
bation energy, Which tends to destabiliZe these arches 
because of the small cyclic strains induced at the contacts 
betWeen sand grains. 

3 EXPERIMENTAL VERIFICATION 

[0043] FIG. 2 shoWs an experimental set-up 20 to dem 
onstrate the physical principle of dynamic enhancement of 
?uid ?oW. The cylindrical device 23 contains a dense sand 
pack 24, Which is under an applied stress of 1.5 MPa. The 
sand pack is ?ushed through With para?in oil (or any other 
Wetting phase) to coat the grains as a continuous Wetting 
phase. Then, glycerin (or other non-miscible liquid) is 
alloWed to ?oW through the sand and form a continuous 
non-Wetting phase that is immiscible With the Wetting phase. 
The ?uid exit port 25 alloWs production under the action of 
a pressure gradient maintained constant by keeping a reser 
voir 26 of the mobile non-Wetting phase liquid 27 at an 
elevation higher than the device 23. Exit port 25 has a screen 
28 betWeen the port 25 and the sand pack 24 for experiments 
Where the sand is not alloWed to ?oW; hoWever, for experi 
ments Where the sand is permitted to ?oW, the screen is 
removed. 

[0044] The ?oW experiment is alloWed to reach a condi 
tion of steady-state exit port ?oW rate Q. Once this condition 
is reached, a dynamic perturbation is applied to the system 
by one of tWo methods: a small strain pulse is applied 
through a transducer embedded in the sand 24; or, a periodic 
pulse is applied to the upstream part of the device by 
perturbing the ?exible ?oW lines manually or automatically 
(at point 29). The varying excitation is indicated by the 
symbol in the circle. Pressure transducers (P1, P2, and P3) 
are electronic devices designed to monitor any changes in 
pressure in the system induced by the dynamic excitation. 
The sand pack 24 is maintained in compression by hydraulic 
pistons 35. 

[0045] The strain pulse is applied through a small acoustic 
transducer linked to an oscilloscope and signal generator 30. 
The acoustic transducer (not shoWn in FIG. 2) is embedded 
in the sand 24 during the assembly of the experiment. It has 
a diameter of 15 mm and is encased in latex to seal it from 
the ?uid and to provide good coupling With the sand pack. 
Being of such small siZe With respect to the cell, it does not 
impede the ?oW of liquids through the experimental appa 
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ratus. The frequency of the sonic pulse Was varied from 10 
HZ to 60 HZ during the excitation period in the experiments. 
The period of excitation is indicated in FIG. 3 as pulsing 
started 32 to pulsing-stopped 34. In betWeen periods of 
excitation, no pulsing takes place, but ?oW is alloWed to 
continue; this is necessary to evaluate ?oW enhancement 
through contrasting periods of excitation and periods of no 
excitation, in the same apparatus Without other changes on 
the pressure head or ?oW properties. 

[0046] The pressure pulsing is applied by manually 
squeeZing the upstream ?exible tube 29 connecting the ?uid 
reservoir 26 to the top of the ?oW apparatus. This manual 
squeeZing is applied at a frequency of 0.5 to 2 HZ continu 
ously during the excitation period. 

[0047] FIG. 3 demonstrates quantitatively the change in 
the ?oW rate from the experimental device. The loWer line 
36 is the steady ?oW at a hydraulic head of 0.25 meters (the 
top of the ?uid in the reservoir Was maintained at an 
elevation of 0.25 meters above the entry port). This line 36 
is to demonstrate that Without pressure or strain pulsing, no 
?oW enhancement takes place. The upper line 37 is the 
demonstration of enhancement. In this case, the ?uid reser 
voir Was maintained 0.5 meters above the ?uid entrance 
port, and one may note that the slope of the non-pulsed 
portions of the line 38 is almost exactly tWice the slope of 
the loWer line 36. This is in accordance With the conven 
tional vieW of ?oW through porous media: a doubling of the 
hydraulic head Without pulsing leads to a doubling of the 
?oW rate. 

[0048] The slope of the upper line Without pressure puls 
ing or strain pulsing (38) is approx 2.67 cm3/min. With 
pressure pulsing or strain pulsing, the ?oW rate increases 
(37) to approx 5.7 cm3/min, an enhancement factor of about 
2.15. Various experiments conducted With different excita 
tion frequencies and excitation times shoWed ?oW rate 
enhancement factors of from 1.5 to 2.2, demonstrating that 
the porosity diffusion process increases the ?oW rate of the 
mobile phase under conditions of continuous pressure or 
strain excitation. 

[0049] This enhancement is also observed in a set of 
experiments Where the sand is alloWed to move from the exit 
port (screen is removed). Experiments Where sand Was 
alloWed to exit are intended to simulate the behavior of Wells 
producing heavy oil or other liquids by the process of sand 
production, discussed beloW in more detail. Results similar 
to those shoWn in FIG. 3 are obtained if the sand in the 
specimen is alloWed to exit. FloW rate enhancement ratios of 
2.0 to 2.5 are typically obtained. Typical results are shoWn 
in FIG. 4. The only difference in experimental set-up 
betWeen this ?gure and the previous one is that noW the sand 
is alloWed to ?oW out With the ?uids at the exit port. 

[0050] In the sand+liquid ?oW experiments (screen 28 
removed), it Was observed that after some time the sand 
spontaneously stops exiting because of the formation of a 
stable sand arch behind the exit port 25. This blockage 
causes the ?uid exit rate to drop to a negligible value, <0.2 
cm3/min, indicating that the sand grain arch is impeding the 
?oW of liquids. The pulsing and the strain perturbations 
overcame this blockage. The results therefore indicate that 
not only is there a basic ?oW rate enhancement, but also that 
the natural tendency of sand to create blockages can be 
overcome by pressure or strain pulsing, and if such block 
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ages exist, they can be de-stabiliZed by pulsing. Clearly, this 
has substantial positive implications on maintaining free 
?uid and sand ?oW to a Well producing sand and liquids. 

[0051] FIG. 5 shoWs the pressure response from the three 
pressure transducers in FIG. 2 (P1, P2, P3) When the device 
is subjected to a series of continuous pressure pulses applied 
by manually squeezing the in?oW hose at point 29. As 
mentioned earlier, the actual magnitude of this pressure 
pulse is less than 0.2 kPa, and it has no effect on the average 
pressure head applied to the sand pack. With continued 
pressure pulsing, hoWever, the actual ?uid pressure in the 
specimen begins to rise (the curves sWing upWard); this is 
the effect of the porosity diffusion process being built up 
through the continuous excitation. When the pulsing is 
stopped, the pressure enhancement begins to decay sloWly 
back to its original values, but the ?oW rate at the exit port 
drops to its initial values Within 2-5 seconds. This suggests 
that ?uid ?oW enhancement requires continuous excitation. 
FIG. 5 shoWs that the pressure build up is less the farther 
aWay from the excitation source because the pressure build 
up attenuates as the porosity diffusion Wave is transmitted 
through the system. 

[0052] FIG. 6 shoWs details of the experimental set up 
Where a small-embedded acoustic transducer A1 (or several 
small transducers) is providing dynamic excitation. This 
excitation is of extremely small amplitude, yet it has the 
same effect as the pressure pulsing: it alters slightly the 
pressure in the ?uid phase, and also changes the stresses 
betWeen the grains, Which builds up the pressure in a Way 
similar to FIG. 5. This also is a porosity diffusion process 
because the acoustic excitation is a small-amplitude strain 
Wave, Which leads to small perturbations in the porosity of 
the porous medium. Experimental data shoW that this pro 
cess also leads to a ?uid ?oW rate enhancement of the same 
order of magnitude as the pressure pulsing, and the enhance 
ment effect can also be predicted and analysed theoretically. 

4 THE PHYSICAL EFFECT IN COLD 
PRODUCTION WELLS 

[0053] The proposed technology has Wide applicability to 
a number of conditions and cases. HoWever, We believe that 
it has particular value in the petroleum industry. Therefore, 
We describe in detail one production process, Cold Produc 
tion (CP), Which Will be substantially aided by the applica 
tion of dynamic pressure or strain pulsing. This detailed 
presentation is in no Way meant to exclude any of the other 
possible production practices for conventional oil, heavy oil, 
or other ?uids present in porous media. This example Was 
chosen because it has tWo major aspects of the bene?cial 
effect of dynamic excitation through pressure or strain 
pulsing: the effect of increasing basic ?oW rate, and the 
effect of breaking doWn the stable sand arches that form and 
tend to block oil ?oW. 

[0054] 4.1 Cold Production Mechanisms 

[0055] It is best to have a clear understanding of the 
production mechanisms involved in the oil rate enhancement 
observed during Cold Production (CP) in order to under 
stand hoW pressure or strain pulsing can enhance ?oW rates 
and prevent blockages through the formation of sand arches. 

[0056] First, movement of the solid matrix (sand) directly 
increases the velocity of the ?uid (oil+Water+gas). Thus, 
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sand movement increases ?oW velocity, enhancing produc 
tion. This can be seen in FIG. 4, Where the initial slope of 
the ?oW line 39 When solids and ?uids are both alloWed to 
?oW is greater than for the case of no solids 37, even under 
the same hydraulic head. 

[0057] Second, sand extraction creates a more permeable 
Zone around the Wellbore through dilation of the sand matrix 
from an average of perhaps 30% porosity to a porosity of 
35-38% porosity. This Zone groWs in mean radius as more 
sand is produced (some Wells produce in excess of 1200 cu 
m of sand in their lifetime). If the groWth of this Zone is 
stopped or impeded by sand blockages, ?oW rates Will be 
loWer. If stable sand arches form near the Well perforations, 
the ?oW rates may drop to a small fraction of their values 
When the sand is free to ?oW. If these sand arches are 
continuously destabiliZed by dynamic excitation so that they 
cannot form in a stable manner, oil ?oW is not only more 
continuous, but it occurs at a greater rate. 

[0058] Third, dissolved gas (mainly CH4) in the heavy oil 
exsolves gradually in response to a pressure drop. Bubble 
nucleation and gas exsolution is retarded in time because of 
loW gas diffusivity in viscous oil. The gas also tends to 
remain as a separate bubble phase during ?oW toWard the 
Wellbore, and bubbles expand as the pressure drops toWard 
the production site, giving an internal drive mechanism 
referred to as foamy-?oW. It is believed that the foamy ?oW 
mechanism aids solids extraction and enhances ?uid ?oW 
rate. The high viscosity of the oil retards gas exsolution 
during ?oW, and bubble mobility in the pores and throats is 
retarded by interfacial tensions. This alters permeability and 
enhances development of small-scale tensile stresses, Which 
help destabiliZe the sand. 

[0059] Fourth, asphaltene precipitation and pore throat 
blocking by clays or ?ne-grained minerals are reduced 
during CP because of continuous solids movement, Which 
liberates pore-blocking materials. Regular pulsing of pres 
sure or strain Will greatly reduce the frequency of pore throat 
blockages, Which may arise. 

[0060] Oil production in CP Wells can, exceptionally, be as 
high as 20-25 cu.m/day, although 4-10 cu.m/day is more 
typical. After prolonged CP, done conventionally, rates as 
loW as 1 or 2 cu.m/day can be accepted providing that initial 
rates Were sufficient (e.g. >5 cu.m/day) for a long enough 
period (eg 2 years) to Warrant Well drilling and ?eld 
development. HoWever, the systematic application of pres 
sure or strain pulsing is expected to extend the productive 
life of a Well, and Will also increase the production rate of 
the Well on a daily basis. 

[0061] CP mechanisms depend on continued sand move 
ment, Which alloWs foamy oil mechanism to operate ef? 
ciently, and Which alloWs continued groWth of a disturbed, 
dilated, partly lique?ed region around the Well. 

[0062] 4.2 When Cold Production Stops 

[0063] Some Wells in Alberta have produced oil and sand 
stably for over 11 years, With sand ?oW being successfully 
re-established after Workovers, or even during production. 
HoWever, some Wells are extremely difficult to maintain on 
stable sand production. Generally, a failure to sustain solids 
?oW is directly related to a major drop in oil production. 
Therefore, re-establishment of sanding Would have positive 
economic consequences in increased oil rates or prolonged 
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production periods. This re-establishment can be a conse 
quence of a continuous destabilizing of the formation, 
unblocking perforations, or otherWise destroying any stable 
structures, Which may have been generated in the sand. 
Dynamic excitation, as described herein, is aimed at achiev 
ing these goals. 

[0064] Stable sand structures are desirable, for good CP. 
These include: stable perforation sand arches Which greatly 
retard ?uid ?oW into the Well; re-compaction of the sand in 
the near-Wellbore environment; collapse and blockage of 
?oW channels Within the strata; or perhaps generation of 
some form of natural gravel-pack created by a natural 
settling around the Wellbore of the coarser grains in the 
formation. Changes of ?uid saturation leading to increases 
in capillary cohesion have been suggested as a common 
blocking mechanism. This idea suggests that gas evolution 
leads to increasing gas saturation near the Wellbore until a 
continuous gas phase exists, With an apparent cohesion 
increase in the sand. 

[0065] Little is knoWn in detail about the actual blocking 
mechanisms because of dif?culties in exploring the Wellbore 
region and difficulties in laboratory simulation, and there 
fore there is some dif?culty over a method of evaluation and 
implementing ameliorative measures. What methods are 
used have been arrived at empirically and developed through 
practice. To our knoWledge, no one uses pressure or strain 
pulsing of a continuous nature during continued production. 

[0066] Workovers have been used to perturb the formation 
and re-establish sand ingress. The conventional methods 
used vary from surge and sWab operations to much more 
aggressive approaches such as Chemfrac (TM), involving 
igniting a rocket propellant charge to bloW materials out of 
the perforations, as Well as to shock the formation and 
perturb the sand. Considering the rise time and the ?uid 
velocity, this method is probably the most effective in 
unlocking perforations plugged With sand and small gravel 
particles. HoWever, none of these methods are continuous in 
nature during the production of the Well. 

[0067] Mechanical sand bailers on Wirelines are conven 
tionally used to clean the Well of sand before replacing a 
Worn pump. The bailer is dropped repeatedly into the sand 
until ?lled, and then WithdraWn at a relatively rapid rate. 
This has a vibrational effect on the near Wellbore area, and 
a sWabbing effect during WithdraWal. Often, after bailing, 
sand has ?oWed back into the Well through the perforations, 
and cases have been reported of six to eight days of bailing, 
removing as much as 1-3 cu.m of sand; that is, 10-15 times 
the amount that Was in the Wellbore in the ?rst place. Bailing 
is relatively successful in re-establishing sanding, but exten 
sive periods of bailing are clearly to be avoided if better 
alternatives exist. 

[0068] Injection of various chemical formulations to break 
capillary effects is relatively common, as is injection of 
several cubic meters of heated oil. These methods are 
thought to break any apparent (capillary) cohesion in the 
sand, and the outWard ?oW is thought to reopen some 
perforations that may have become blocked. 

[0069] Thus, although many conventional Wells produce 
sand freely, blockages occur. The method of strain or pres 
sure pulsing, as described herein, through the process of 
porosity diffusion, can provide long-term continuous pro 
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duction at an enhanced ?oW rate by activating the ambient 
stress ?eld dynamically. This process can destroy small 
scale stable sand arches and keep pore throats open. Block 
ing materials such as asphaltenes and clay particles are much 
less likely to plug pore throats under conditions of dynamic 
pressure or strain excitation. 

5 FIELD CONFIGURATIONS 

[0070] FIGS. 7 and 7a shoW an example of hoW dynamic 
enhancement through pressure pulsing can be implemented 
in the ?eld. A pressure pulsing system is installed in the 
central Well 40 of a porous stratum containing oil and Water. 
Perforations in the steel casing 42 of the Well 43 alloW full 
and unhindered pressure communication betWeen the liquid 
in the Wellbore and the liquids in the pores and fractures of 
the porous medium. The Well is completely liquid-?lled 
betWeen the pulsing device and the perforations, and is 
maintained in that condition. 

[0071] A number of adjacent Wells (H1, H2, H3, and H4) 
are producing ?uids and therefore have a Well pressure that 
is less than the excitation Well 40. In other Words, the 
pressure gradient in the porous medium is directed by the 
induced pressure differences so that ?uid ?oW is toWard the 
producing Wells. FIG. 7b shoWs a typical pressure decline 
curve betWeen the excitation Well and the producing Wells. 
The distance d betWeen the Well 40 and the producing Wells 
43 is dictated by the physical properties of the medium 
(compressibility, permeability, ?uid viscosity, porosity, 
thickness, ?uid saturation), and must be determined through 
calculations and ?eld experience for individual cases. The 
pattern shoWn, or any other suitable pattern of producing 
Wells and excitation Wells, may be repeated to give the 
necessary spatial coverage of a producing ?eld. 

[0072] In the ?eld, the amplitude, frequency, and Wave 
form of the dynamic excitation can be varied to ?nd the 
optimum values required to maximiZe the dynamic enhance 
ment effect. Because porous media have certain character 
istic frequencies at Which energy dissipation is minimal, 
analysis, laboratory experimentation, and empirical ?eld 
optimiZation methods (based on out?oW rates at the produc 
ing Wells and other monitoring approaches, discussed 
beloW) might be required to ?nd the best set of operating 
parameters Which maximiZe the dynamic ?oW rate enhance 
ment. Monitoring approaches for optimiZations are dis 
cussed later. 

[0073] FIG. 8 shoWs another possible con?guration for 
implementation of pressure or strain pulsing to enhance ?uid 
?oW to Wells. For illustration purposes, suppose that a 
vertical Well 45 is completed With a number of short-radius 
laterals 46, each of Which is considered a horiZontal Well. 
Fluid is to be WithdraWn through the Well 45 With the 
horiZontal drains. A number of excitation Wells 47 are 
emplaced above the horiZontal laterals, and pressure pulsing 
or strain pulsing is applied in these Wells through excitation 
devices 48. 

[0074] In both cases pulsing can be generated either 
through a doWnhole or a surface pressure pulsing Which can 
be activated by mechanical, hydraulic or pneumatic means. 

6 PRESSURE AND STRAIN PULSE DEVICES 
FOR OIL EXPLOITATION 

[0075] FIG. 9 shoWs one example of a pressure pulsing 
device that causes a periodic pressure excitation at a con 
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trollable frequency and amplitude. The pressure pulsing can 
be varied in frequency (number of pulses over a time 
interval), in amplitude (magnitude of the pressure pulse), 
and in Waveform (the shape of the pressure pulse). The 
pulsing is governed from the surface through an appropri 
ately designed electronic or mechanical control system. The 
major elements of the diagram are: 

[0076] a) AWellbore 50, having a casing 52, embedded 
in cement 53, perforated into the target formation 54. 

[0077] b) A piston pump barrel 56 Which, When 
mechanically actuated, generates a pressure pulse. 

[0078] c) Aone-Way valve 57 to alloW entry of ?uid into 
the Zone beloW the piston pump on the upstroke of the 
piston. 

[0079] d) An actuating device, in this draWing repre 
sented as a rod 58 to surface Within the production 
tubing 59 that is isolated from the casing annulus With 
a packer 60. This driving mechanism can be varied in 
frequency and stroke length (volume). 

[0080] The driving mechanism for the piston pump 56 in 
FIG. 9 is a surface-driven reciprocal or rotary mechanical 
drive that creates an up-and-doWn motion of the piston 56. 
Alternatively, the driving mechanism can be an electrome 
chanical device above the piston pump driven by electrical 
poWer. Alternatively, a surface pressure impulse can be 
applied through the tubing. In this case, the piston pump may 
be replaced by a ?utter valve top-hole or bottom-hole 
assembly Which opens and closes to create pressure surges 
Which enter the formation 54 through the perforations, but 
does not affect the annulus pressure because of the packer 
60. 

[0081] The piston 56 may contain the one-Way valve 57 to 
alloW intake of ?uid on the upstroke, and expelling the 
incremental ?uid on the doWn stroke, generating the pres 
sure pulse. Alternatively, the ?uid valve 57 can be closed, 
and a periodic pressure impulse generated With a closed 
system. 

[0082] As shoWn in FIGS. 10a, 10b, and 10c, a single Well 
62 is producing ?uids through perforations in the steel 
casing 63 because the pressure in the Well is maintained at 
a value loWer than the ?uid pressure in the far-?eld, gener 
ating a pressure gradient Which drives ?uids (or a ?uid-solid 
miXture) to the Wellbore 62. The eXamples shoW both an 
inclined Well and a vertical Well integrated With progressive 
cavity pump system for purposes of illustration only. Opera 
tional descriptions Will focus on a rotating elliptical mass, 
but it is understood that the principles apply to other 
pulse-like sources of strain energy. 

[0083] FIG. 10a shoWs a typical doWn-hole assembly for 
the application of a periodic mechanical strain to the casing 
in the producing formation, and the cemented casing serves 
as a rigid coupling system that transmits the periodic strain 
ing to the formation. The major elements of the diagram are: 

[0084] a) Acased 63 cemented Wellbore perforated into 
the target formation 64 With tubing assembly and other 
peripheral devices. 

[0085] b) A ?uid pump 65 to WithdraW ?uids and sand 
from the Wellbore 62. 
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[0086] c) Housings and devices that couple the ?uid 
pump 65 to the tubing and if desired to the Well casing 
63, through a rigid packer (not shoWn). 

[0087] d) Asystem of rods 67 connecting the ?uid pump 
to the drive mechanism. 

[0088] e) Adrive mechanism to give rotary action to the 
?uid pump and eccentric mass 68. 

[0089] f) An eccentric mass 68 Which is mechanically 
linked to the ?uid pump 65 (FIG. 10c). 

[0090] Installed in the Wellbore is a mechanical or elec 
tromechanical device that applies vibrational energy to the 
casing through rotation of an eccentric mass or through 
volumetric straining. The device is ?xed to the eXterior 
casing 63 through conventional means, using a packer With 
steel contacting pads (slips) or other means Whereby the 
vibrational energy is efficiently transmitted to the steel 
casing With a minimum of energy losses. A schematic 
cross-section of a rotating elliptical mass is given in FIG. 
10c. The central square hole is stabbed by a square rod on 
the bottom of the poWer rods 67, Which are rotated from the 
surface. As the rods rotate and thereby also activate the ?uid 
pump 65, the eccentric mass is rotated at the same angular 
velocity, or else the velocity may be less or greater if a 
mechanical gearing device is included. 

[0091] The rotation of the eccentric mass 68 creates an 
imbalance of force, Which causes the casing 63 to apply a 
rotational strain to the surrounding porous medium through 
Which the casing penetrates. The rotational strain generates 
an outWard moving porosity diffusion Wave that perturbs the 
liquid in the porous medium, causing an accompanying 
pressure pulse in the liquid. The energy thereby applied to 
the liquid (and entrained mobile solids) in the porous 
medium leads to an enhancement of liquid ?oW into the 
Wellbore, irrespective of the direction of propagation of the 
porosity perturbation. Furthermore, the strain energy 
thereby applied reduces or eliminates tendencies for the 
material pore throats or fractures to become blocked by 
?ne-grained particles, precipitants, or through the formation 
of stable granular arches. The ?uid produced is removed 
from the Wellbore through the pump 65, Which in this 
eXample sits above the elliptical rotating mass, but the order 
of the devices may be altered. Both the pump and the 
rotating mass may be mechanically driven, electrically 
driven, or one may be mechanical and the other electrical. 

[0092] FIG. 10b shoWs a typical doWn-hole assembly for 
the application of a periodic mechanical strain to the casing 
in the producing formation, and the cemented casing serves 
as a rigid coupling system that transmits the periodic strain 
ing to the liquid in the formation. The major elements of the 
diagram are: 

[0093] a) Acased cemented Wellbore 69 perforated into 
the target formation 70 With tubing assembly 72 and 
other peripheral devices. 

[0094] b) A progressive cavity (PC) pump 73 to With 
draW ?uids and sand from the Wellbore 69. 

[0095] c) Housings and devices that couple the stator of 
the PC pump 73 to the tubing 72 and if desired to the 
Well casing, through a rigid packer, not shoWn. 

[0096] d) A system of rods 74 connecting the PC pump 
to a drive mechanism 75. 












