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3,180,415
OIL WELL TREATMENT TO OVERCOME
WATER CONING

Joseph C. Allen, Bellaire, Tex., assignor to Texacc lnc.,
New York, N.Y., a corporation of Delaware
Filed June 3, 1963, Ser. No. 284,873
11 Claims, (CL 166—32)

This invention relates generally to the production of
petroleum hydrocarbons from a subsurface reservoir, and
specifically to the production of liquid petroleum hydro-

carbons from a subsurface reservoir which overlays a

substantially water-saturated, water-producing formation.
More particularly, this invention relates to a method for
overcoming water-coning which may result during the
production of petroleum hydrocarbons from a petroleum-
producing formation which overlays a substantially water-
saturated formation.

Water-coning is a term given to the mechanism under-
lying the entry of bottom waters into petroleum- or oil-
producing wells. Petroleum hydrocarbons are often pro-
duced from subsurface formations which overlay a sub-
stantially water-saturated formation. Under static condi-
tions, the water, having a greater density than the liquid
petroleum, remains at the bottom of the pefrolenm-
producing formation. At high rates of production oi
petroleum, however, the upper surface of the substantially
water-saturated formation rises due to the increased flow
of liquid petroleum into the well bore which extends 1nto
the liquid petroleum-producing formation immediately
adjacent and above the substantially water-saturated ifor-
matiocn. The rise of water inio the petroleum-preducing
formation and into the well bore represents a dynamic
effect in which the upward directed pressure gradients
associated with the flow of the petroleum into the produc-
ing well bore are able fo balance the hydrostatic head
of the resulting elevated water column.

Varions methods have been suggested heretofore to
eliminate or to reduce the water-coning phenomenon.
These methods have included reducing the well peneira-
tion into the liquid petroleum-producing formation so
that hicher production rates are possible without at the
same time experiencing an excessive production of water
therewith. Amnother method which has been suggested
is to bottom the producing well into a substantially water-
impermeable formation. These indicated methods, how-
ever, cannot be successfully employed in all instances to
eliminate or reduce water-coning. Certain underground
liquid petroleum-producing formations are only a rela-
tively few feet in thickness. Accordingly, reducing the
well bore penetration into such a formation would re-

sirict unduly the recovery of liquid petroleum therefrom.

Other liquid petroleum formations do not have associated
therewith an immediately underlying water-impermeable
formation.

It is an object of this invention to provide an improved
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method for the recovery of petroleum hydrocarbons from

subsurface petrolenm-producing formations. |
Another object of this invention is to provide an im-
proved method for the recovery of liquid petroleum

hvdrocarbons from a liquid peiroleum-producing forma-

tion which overlays a substantially water-saturated for-
mation. | |

Still another object of this invention is to provide a
method of prevenfing and/or reducing water-coning as
evidenced by the production of a relatively large amount
of water with respect to produced liquid petroleum during
the production of liquid petroleum from a well bore
extending intc a liquid petroleum-producing formation
and an adjacent underlying water-producing formation.

And still another object of this invention is to provide
an improved method of well completion wherein the well
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bore extends into a liquid petroleum-producing formation
which overlays a water-producing formation. |

These and other objects of this invention and how they
are accomplished will become apparent with reference to
the accompanying drawing wherein:

FIiG. 1 schematically illustrates the water-coning phe-
nomenon; and | |

FIG. 2 schematically illustrates a method in accordance
with this invention for overcoming water-coning.

In accordance with this invention, water-coning 1s over-
comne by injecting initially into the water-producing for-
mation giving rise to the water-coning phenomenon a sub-
stantial amount of a solvent liquid containing asphaltic
material dissolved or suspended therein. As this soivent
liquid is injected into the water-producing formation, the
water filling the pores or interstices of the formation is
displaced and forced back by the injected solvent liquid.
The injection of solvent liquid into the water-producing
formation is continued until the water has been displaced
a substantial radial distance, e.g., at least about 5 feet,
preferably at least about 20 feet, from the locus of in-
jection, which is conveniently the well bore itself. Ini-
tially, the pores of the water-producing formation adja-
cent or in the vicinity of the well bore are usually sub-
stantially saturated with water, i.e., 100 percent occupied
by water. After the injection of solvent liquid, the water
saturation of the producing formation in the zone of the
solvent liquid injection thereinto is reduced substantiaily.

Subsequent to the injection of solvent liquid into the
water-producing formation, a gas is introduced into the
thus-treated formation, whereupon deposition of asphaltic
material within the water-producing formation in the
immediate vicinity of the well bore occurs., The pre-
cipitation of asphaltic material from the solvent liquid
containing the same is effected by vaporization of the
solvent into the gas-treated portion of the water-producing
formation and/or by a deasphalting effect of the subse-
quently injected gas upon the previously injected solvent
liquid asphalt-containing solution. Thereafter, as neces-
sary, additional solvent liquid and gas are infroduced in
turn into the formation to redissolve and/or disperse the
thus-precipitated asphaltic material outwardly into the
water-producing formation to effect a plugging in depth in
that portion of the formation in the vicinity of the well
bore due to extended deposition or reprecipitation of
asphaltic material within the thus-treated portion of the
water-producing formation for a substantial distance out-
wardly from the well bore. As a result of the dispersion
and/or reprecipitation of the initially -precipitated as-
phaltic material, the porosity of the thus-treated portion
of the water-producing formation is substantially reduced.
Also, as a result of this plugging action or reduction in
porosity, the water permeability of the formation is sub-
stantially reduced. Subsequently, petroleum production
is resumed from the overlying petroleum-producing for-
mation via the well bore. Since the underlying water-
nroducing formation from which the water-coning origi-
nates is now substantially plugged and evidences a sub-

stantially reduced water permeability for a considerable

distance surrounding the well bore, the production of
petroleum from the overlying petroleum-producing for-
mation can be carried out at relatively high rates of
sroduction without undue danger of water-coning or ex-
cessive production of water with the produced petroleum,
Since the deposited asphaltic materials are water insoluble,
the above-indicated treatment of the water-producing

formation to eliminate and/or inhibit water-coning is

permanent in nature. S

The term “asphaltic material” as used herein means
resinous, asphaltic, carbenic hydrocarbons or asphalts,
pitches and tars of plastic or solid nature, found in crude
petroleum and the like or petroleum fractions, and effec-




- oxide and other gases in varying amounts.
- gaseous hydrocarbons such as methane, ethane, propane,

- 85
- and again deasphalting or precipitation occurs as the
- gas makes contact with the solvent liquid. N
- .of this repeat operation, the formation is thus treated

- et"rnc:lulﬂr

trve to plug the 111tersut1al VOldS of the Water prod ;omg |

- formation.

Any su1table liquid solvent for asohaltrc material may
- be employed in the practice of this invention.

as may be recovered from the petrolemn—proclo(.:rrp:lr for-
- mation overlymg the ‘water-producing formation under-

‘going: treatment in accordance with this invention, comn- |
Other liquid

faining e.epheltro material dissolved therein.
asphaltic solvents or carriers useful in the practice of

this invention include carbon tetrachlorrde aromatic hy-.

Particu-
_lerly suitable for use in the practice of this invention are
_-asphaltlc crudes or crude oil or fractions thereof, such

eoninﬁ' when the 'produetron of liquid potroleum is com~

| meneed through' perforations 15 of casing 14 within the

'petroleum{produemg formation 11, packing 18 is in- )
- serted within casing 14 at about the normal interface of

16,
.quurd e.g., an oil contaromg asphalho material dissolved
“or suspended therein is injected via conduit 19 into the
formation 12 via perforations 20 in casing 14. The in-

10

“drocarbons such -as benzene, xylene and the like, gas oils,. '

‘kerosenes and higher borllng distillate fractions, etc.
‘general, the llqmd solvent or carrier for asphaltle ma-

In

- terial employed in the practice of this invention may

comprise any liquid having substantial solubility or sol-

vent power for asphaltic material and which, desirably,

| is also compatible with the liquid. petroleum in the over-
- lying petroleum—produern g formation. |
Various gases may be employed in the practice of tlius-_-

invention.. Suitable - gases include natural gas, usually

the formations 11 and 12, as indicated by dashed line -
Adter the packing 18 has been installed, a solvent

jection of this. solvent liquid into formation 12 is con~

tinted until the water has been displaced within forma-
~tion 12 for a substantial radial distance surrounding that
portion of well bore 43 within formetmn 12, to the
- extent indicated by dashed line 21.

icient amount  of this solvent hqurd has |

“When a suf

_;been injected to displace the water from around the well
‘bore 13 immediately ad]eeent the liquid petroleum—pro-'
| duemg formation 11, the m]ectron of solvent liquid is
stopped, after which there is introduced into water-pro-
ducing- formation 12 wvia tubrng 19 and perforations 20

- a gas, such as natural gas, e.g., methane or propane.

-associated with and dissolved in the liquid petroleum- -

surface. I is preferred that the injected natural gas be

“dry, i.e., having had its natural gasoline content strlpped -
therefrom Another gas which may -be employed in -
Still -another gas

the practrce of this invention is air.
_ _Wthh is suitable in the practice of this invention is a

o preducing formatron and which is recovered therefrom -

by suitable means, such as a gas-liquid separator at the 25

Upon the introduction of gas into the thus solvent liquid-
‘treated portion of the water-producing formation 12, de-
:"asphaltmg or precipitation of asphaltic material ‘occurs

in the immediate vicinity of the well bore, as indicated

at 22, extending outwardly with diminishing density. To-
.'_merease the amount of asphaltic material thus deposited

- within formation 12 in the immediate vicinity of the well

“ gaseous mixture -of combustion products such as a flue
"gas. and the like, usually containing nitrogen, carbon di- -

n-butane and/or isobutane, or mixtures thereof are par-

~ticularly useful in the practice of this invention, since i
o ;_these normally gaseous hydrocarbons exhibit a deasphalt-
- .ing effect ‘upon liquid esphalt—contamrng orls and erudee-

~in contact therewith.
Referring now to FIG. 1 of the drawmg whreh sche-

‘Normally -

- “bore and also to enlarge the éxtent of the so-treated for-
30

mation, additional oil or asphaltic solvent is introduced
into the formation to redissolve the thus-precipitated as-
phaltic material and to disperse and reprecipitate the

“asphaltic material outwardly into formation 12 for a

 substantial distance outwardly from the well bore, after

which gas 1s again injected behind the solvent 11qu1d

“As a result

~in depth for a substantial distance outwardly from ‘the

40

matreally illustrates the water-coning phenomenon, a_ -
| subSHrfaCe‘ liquid petroleum-producing formation is 111_.- |

dicated at {1. An 1mmedrately underlying,
. water—-producmg formatron 1s indicated at 12 A well

- bore 13 extends into the liquid petroleum-producing for-
“mation 11 and the water—producmg formation 12. A~

saturated, -

. production casing 14 is provided with perforations 15

~ within the petroleum-producing formation 11. Under

“static. conditions or at a relatively low rate of liquid
| petroleum productron from the liquid petroleum forma-

- tion'11, the upper surface of the water-producing forma-
- tion is located at about the position indicated by the

“well bore. .
sumed from petroleum-producing formation 11 via per-

- forations 15. = Since the underlying portion of formation
- 12 is now substantially plugged with the esphaltle ma-
- terial so that the water permeability thereof is reduced
45
. leum-producing formation 11 can be resumed at substan- -

Subsequently, production of petroleum IS Te-

substantially, the production of petroleum from petro-

tial rates of productron wrthout undue denger of water-

'_comng

50

In the above-mdleated embodlment of this invention
wherein an oil or hydroearbon solution or suspension

- of asphaltm material is employed, the asphaltic material

- dashed line 16. At relatively high rates of production,
‘however, _because of the upward directed pressure gra-

- dients associated with -the flow of liquid petroleum into

55.

~ perforations 15, the water table rises to the extent it is™

 balanced by these upward directed ‘pressure gradients. B
~ As the water table rises, as indicated by solid line 17,
_to the area of production of liquid petroleum hydro-@

~ carbons, water 1S produeed through the lowermost per-

o l1q111d hydrocarbons The above- descrrbed phenomenon
" is commonly known' as water-coning. -

~ Referring now .to. FIG. 2 of the drawmg, there IS o
- schematreelly illustrated therein a-method according to
- this invention for preventing and/or reducing water-con-
- -:.1]_1:::'
FIGS. 1 and 2 for reasons of clarity and ease of under-

: As indicated in FIG. 2 well bore 13 pro-
- vided wrth casing 14 extends into liquid petroleum-pro-_
~~ducing formation 11 which overlays water-producing for-

'The same reférence numerals are employed in both

' "-matlon 12 In order to prevent and/or reduce water—-

- 60
B forations 15 of casing-14. At still greater rates of pro--- . ;_
- duction of liquid petroleum from formation 11, the water . -
- table eontmuee to rise and there results a greater pro-

duction of water relative to the amount of produced - normally oeoupred by the water or wetting phase.

-corclmgly, following the- injection of the treating solu-
~ tion containing asphaltic oil-in-water emulsion, deasphalt-
- ing or precipitation of the esphalt1e material due to con-

65
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18 depos;rted within the interstitial non-wetting or funicular
~space of the thus-treated water-producing formation, i.e.,
that portion of the formation which would normally be_

oooupred by oil or the non-wetting phase. |
In accordance with another embodiment of the prac-

- tice of this invention, the treating solution comprising
*-:--'asphaltrc material dissolved therein is an oil-in-water sus-
~pension or emulsion wherein the oil contams the asphal-. |
tic material dissolved-or -suspended therein. In the prac-
ttce of this latter embodrment of the mventlon since the
"~ _treating solution is an orl—-m—-water suspension, the treat-
- ing solution would occupy that portion of the formation -

“Ac-

tact' with the followmg injected gas would occur in the

~ water phase immediately adjacent the rock matrix and
in the most minute interstitial voids of the formation.

- Upon resumption of petroleum produetron from the over-

;‘75

lying petroleum-produemg formation, |
solids would tend to move toward the well bore and
o asphaltrc agglomerates would build up within the “inter-
: st1t1al wettmg phase rether than in the non-wettmg phase.

these asphaltic
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or funicular interstitial space of the formation. 'The
formation of asphaltic agglomerates in the wetting phase
and region of the formation leads to more efficient plug-
oing and in some instances to actual cementation of the
thus-deposited asphaltic material to the formation itself,
thereby effecting a more effective plugging and reduction
in water permeability.

Further explanatory of the practice of this invention,
by appropriate choice of solvent and solute, a solution
can be made to have a considerably higher viscosity
than that of water, so that a comparatively high solution
saturation in the formation would result because of the
more efficient displacement of water therefrom, so that
a laree fraction of the pore volume would be filled with
the solution adiacent to the well bore. The subsequent
injection of gas would result in an ineificient displace-
ment of the solution with attendant good mixing. ‘This
operation would precipitate more of the solute and would
occupy a larger fraction of the pore volume near the
weil bore and so result in a greater reduction of permea-
bility.

The practice of this invention is applicable not only
to newly-drilled wells but is applicable also to previously
drilled wells which are producing a considerable amount
of water due to the phenomenon of water-coning. In
previcusly drilled producing wells which exhibit an un-
duly large amount of water production due to water-
coning, the practice of this invention may be as follows.

The well is shut in for a period of time necessary

to promote the establishment of equilibrium condifions
in the subsurface producing formations. This period of
time, depending upon various circumsiances, may be
three days to a month, more or less. Then, an asphalfic
containing liquid is injected into the water-producing

formation immediately adjacent the liguid petroleum-

producing formation in the vicinity of the well bore.
This can be done by perforating the production casing
in the zone of the water-producing formation and in-
jecting this liquid thereinto, and atter a sufficient amount
has been injected to force the water in the formation a
substantial radial distance outwardly from the well bore
at the locus of injection, liquid injection is stopped and
the well treated by injection of a gas thereinto, as indi-
cated with respect to FIG. 2 of the drawing.

Thus, there has been shown and described a more
efficient method for overcoming water-coning by apply-
ing the principle of efficient displacement of water from
the water-producing formation adjacent the well bore
by a more viscous fiuid and the subsequent inefficient
displacement of the more viscous fluid by a gas io the
depcsition of a plugging material adjacent the well bore,
specifically, using initially an asphaltic material carry-
ing liguid to displace water adjacent the well bore, fol-
lowed bv a gas to cause deposition of the asphaltic ma-
terial in that part of the underground formation from
which the water has been displaced by the more viscous
fiuid.

As will be apparent to those skilled in the art, other
substitutions, alterations or omissions are possible with-
out departing from the spirit or scope of this invention.

I claim:

1. A method of treating a well to inhibit water-coning
during the production of oil from an oil-producing forma-
tion adjacent an underlying water-producing formation
via a well bore extending through said oil-producing
formation which comprises infroducing a solvent liquid
containing asphaltic material dissolved thezein via said
well bore into said water-producing formation In an
amount sufficient to force water in said water-produc-
ing formation a substantial distance cutwardly irom said
well bore adjacent said oil-producing formation, subse-
quently introducing via said well bore into that portion
of said water-producing formation info which said sol-
vent liquid has been introduced a gas to effect vaporiza-
tion of at least a portion of said solvent liquid and to
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effect precipitation of at least a portion of said asphaltic
material contained in said solvent liguid, subsequently
successively introducing solvent liquid substantially free
of asphaltic material dissolved therein and a gas via said
well bore into the thus-ireated portion of said water-
producing formation to force the remaining first intro-
duced solvent liquid outwardly further into said water-
producing formation and to redissolve and then reprecipi-
tate the aforementioned precipitated asphaltic material
thereby plugging a substantial portion of the thus-treat-
ed water-producing formation outward from said well
bore and substantially reducing the water permeability
thereof, and subsequently resuming production of oil via
said well bore from said oil-producing formation.

7. A method of treating a well bore which penetraies
an oil-producing formation and into an adjacent under-
lying water-producing formation which comprises intro-
ducing via said weil bore into said water-producing for-
mation adjacent said oil-producing formation an oil solu-
tion containing asphaltic material dissolved therein 1n
an amount sufficient to force water in said water-pro-
ducing formation a substantial distance outwardly from
said well bore, subsequently introducing via said well
bore into the thus-treated portion of said water-produc-
ing formation a normally gaseous hydrocarbon in gase- "
ous state to contact the previously introduced oil solu-
tion introduced into said water-producing formation
thereby tending to precipitate at least a portion of said

- asphaltic material within the thus-treated portion of the

30
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water-producing formation in the zone thereof immedi-
ately surrounding said well bore, subsequently introduc-
ing via said well bore oil and gasecus hydrocarbon in
turn to effect dissolution of precipitated asphaltic mate-
rial and to move the redissolved asphaltic material out-
wardly from said well bore into the said thus-ireated
portion of the formation and to cause sald redissolved
asphaltic material to be reprecipitated therein adjacent
and at a location within said water-producing formation
removed from said well bore, and resuming production
of petroleum via said well bore from said oil-producing
formation. | | -

3. A method of treating a well bore which penetrates
an oil-producing formation and into an adjacent under-

~lying water-producing formation which comprises mtro-

ducing via said well bore into said water-producing for-
mation adjacent said oil-producing formation an oil-in-
water emulsion in an amount sufficient fo force the
water in said water-producing formation a substantial dis-
tance outwardly from said well bore, said oil contain-
ing dissolved therein asphaltic material, subsequently in-
roducing via said well bore info the thus-freated zone
of said water-producing formation a normally gaseous
hydrocarbon in gaseous state, permitiing introduced oil-
in-water emulsion to remain in contact within the thus-
treated portion of said formation with the subsequently
introduced normally gaseous hydrocarbon to effect de-
asphalting of the cil in the oil-in-water emulsion to cause
asphalt to be precipitated from said emulsion within said
formation and subsequently resuming production of pe-
troleum via said well bore from said oil-producing for-
mafion,

A. A method of inhibiting water-coning in a well
wherein oil is produced from an oil-containing forma-
tion penetrated by a well bore and wherein said well
bore also penefrates into an adjacent, underlying water-
producing formation which comprises introducing via
said well bore into said water-producing formation ad-
jacent said oil-producing formation an oil solution con-
faining asphaltic material dissolved therein to substan-
tially reduce the water saturation within the water-pro-
ducing formation in a zone therein immediately surround-
ing said well bore, introducing into said zone of said
water-producing formation a normally gaseous hydro-
carbon in gasecus state whereby said asphaltic material
is precipitated from said solution within said formation




'

.m sald zone 1mmcdlatcly ad]accnt sa1d wcll borc sub- |
scqucnﬂy infroducing in turn via said well bcrrc mto

said .zone -of said water-producing formation oil in .an

amount sufficient ‘to redissolve the previously precipi-
~ tated asphaltic matcnal from immediately adjacent said
ove said asphaltlc matcrlal outwardly -

well bore and to
into said zone and a gas to reprecipitate said asphaltic
material thereby effecting a redistribution of precipitated

ducing formation whereby a substantial portion of said
-zone has its porosity reduced due to the prccmltatlon of
“asphaltic material therein and subsequently rcsmmng pro-
duction of oil frcm S'ELId ml—prcducmg fcrma‘ﬂon via said
wcll bore. . - - |

5. A metho'd of rcducmg watcr-ccmng, as cwdcnccd _'
by the production of a. relatively large amount of water

10

. with respect to produced liquid petroleum, which is ex-

~-perienced: during the production of liquid petroleum from

~a well bore extending through a subsurface liquid pe- - :
- -troleum-producing formation and into an ad]accnt under-

lylnn* water-producing formation which -comprises halt-

ing production of liquid petroleum from said well. bore

-to promote the attainment of equilibrium conditions in -
the aforesaid subsurface formations, injecting via said

.well bore into said water-producing formation adjacent
- saild. pctrolcum producing formation surrounding said

“well bore a solution containing asphaltic material dis- |
‘solved therein sufficient to force the water-in said water-
~producing formation a substantial - distance cctwardly
-from said well bore, subsequcntly introducing into said
-water-producing formation into that portion thereof sur-
wrcundmg said well bore ccntalnmg the ID]ECtEd solutlcn, o
-a gas-whereby asphaltic material is deposited in a zone

surrounding said well bore in the thus-treated water-

produclng formaftion due to vapcrlzatwn of solvent from
_said solution, thereupon introducing in turn additional
.solvent substantially free of asphaltic material via said

| prcc1p1tate asPhaIUc matenal in thc thus—treatcd pcrtlcn
and thereafter resuming production of liquid petroleum
- drom said liquid. pctrolcum«-prcducmg formatlcn via said

chll bore. - -
6 A mcthcd 11:1 acccrdancﬂ mth clalm 5 wh rcm the

-gas injected into the Watcr-prcducmg formatlon to de-

pcsn and subscqucntly to rcprcmpltatc asphaltlc material

~ .1s natural gas.
-asphaltic material within said zone in said water-pro-

T A mcthcd m a‘ccordancc wﬂh clan 5 Whercm sa1d

.._sclutmn containing asphaltic material dissolved therein
comprises benzene as a solvent for said asphaltic material.

- 8. A mcthod in accordance with claim 5 wherein said

‘solution containing asphaltic material contains carbon

tctrachlcrldc as the solvent for said.asphaltic material.,
9.°A method in accordance with claim S wherein said
soluticn containing asphaltic material dissolved therein

consists csscntlally of an oil-in-water emulsion wherein
- the oil phase of the emulsion dispersed in the continu-
ous water phase contams asphaltlc matcflal dissolved
‘therein:.
16, A mcthcd in accordance with claim 5 whcrcm thc. |
solution of asphaltic material introduced into the water-
~ producing formafion comprises an. oil-in-water emulsion
~Wwherein the oil phase of the emulsion comprises a liquid
5 hydrocarbon solvent for asPhalt ccntammg asphaltic ma-

- terial dissolved therein.

o
I

well bcrc into the thus-trcatcd portion of the- Watcr-'_-’_;_
- producing formation to dissolve the precipitated asphaltic -

material from the zone  therein immediately surround- -
. ing said well bore and to move this asphaltic materlal
outwardly into the treated portion of said water pro-
ducmg fcrmatmn f_rcm said well bcrc and a gas to re-

2,713,906

- 11. A method in accordé.ncc w1th claJm 5 wherein said

“solution ‘containing asphaltlc material has a viscosity
| ':'.ﬂ'rcatcr than watcr - |
a0 o
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