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The present invention is directed to-a method for com-
pleting oil and gas wells. More particularly, the inven-
tion is directed to a method. for completing oil and gas
wells in which a drilling fiuid or mud is used to control
‘Ehe well. “In its ‘more particular aspects, the invention
is directed to a method for completing an-oil or gas well
in yvhich a ‘column of ‘drilling mud ‘is maintained in a
casing to control the well,

Current practice when completing wells, such as-oil and
gas wells, through perforated casings is to have drilling
ﬂui.ds, such as mud, salt water, water, or oil, in the well
casing and to perforate the casing -with bullet,  shaped
charge, chemical or punch-type perforators. When the
pressure of a formation traversed by the -well exceeds the
hydrostatic pressure of a column of oil or water at the
completion depth, it is customary to use weighted salt
water or normal drilling mud having a density great
enough to exceed formation pressure in order to control
the well while perforating the casing and performing other
routine completion operations. In the case of a well
filled with drilling’ mud - when the casing is perforated,
the drilling mud flows into the perforations because of
the pressure differential existing between the interior of
the “casing and the formation. The perforations are
thereby partially or completely plugged with mud and
this plugging is aggravated by the heat and instantaneous
pressure evolved by the propellant power in the case of
bullet perforators 'and the high explosive .in ‘the case ‘of
the jet or shaped charge perforators. Where chemical
or punch-type perforators are employed, it is not nncom-
mon for the drilling mud to lose water rapidly to the
formation resulting in' the drilling mud becoming de-
hydrated and forming plugs. ‘Data are available which
indicate that such plugs whether formed by dehydration
of the drilling mud by heat, and/or pressure or by loss
of water to the formation are difficult to remove by sub-
sequent flow from the formation into-the well bore and
that the productivity -of a perforating interval in a Pro-
ducing formation is significantly reduced. Field com-
pletion attempts of wells indicate that such plugging .of
the perforations .may cause formations to be tested as
being non-productive and thereby-condemned when actu-
ally the formation may contain economically producible
oil or gas. Thus it is clear that the problem of plugging
of perforations is- serious and is a source of expense in
well completions and of erroneous -conclusions in ex-
ploratory work ‘which may cause major hydrocarbon. re-
serves to remain undiscovered.

Another. problem which -exists .in perforating wells is
that it is-necessary to provide control of the well during
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perforations. This is accordingly accomplished by miairi-
taining a hydrostatic columin which exerts a  pressure
greater than the formation pressure exposed when the
casing is perforated. - However, to provide a column hav-
ing a sufficient hydrostatic pressure; it is necessary to add
weighting agents such ‘as barite; sand, and other solid
heavy materials to the flnid-column maintained in the well.

In accordance with the present invention the problem
of plugging perforations in a well casing in which a col-
umn of drilling mud is maintained to corntrol the well ‘is
eliminated by providing :in the well casing adjacent ‘the
producing formation a zone from which the ‘drilling mud
is removed or excluded and then perforafing the casing
in the zone such that the drilling mud does not plug the
perforations.

The present invention may, therefore, be briefly de-
scribed as involving the replacing or “displacing .of ‘the
drilling mud at least in the region of the formation to
be -penetrated with a solids-free emulsion of ‘an oily and
aqueous medium containing a soluble weighting agent dis-
solved in one of the components of the emulsion, the
emulsion being- characterized by having .a low fluid loss
into the formation and having the property of displacing
the drilling mud. from the region of ‘the casing to be
perforated.

The emulsion employed in the practice of the preserit
invention is used in the sense of the emulsions described
in-Sutheimn’s “Introduction of Emulsions,” Chemical Pub-
lishing Company, Inc., Brooklyn, New York, 1947, page 1
where an emulsion is. described as follows: “Emulsions
are intimate mixtures-of two immiscible liquids, one -of
them being dispersed in the other in the form of fine drop-
lets.” The emulsion of the present invention -contains;
dissolved in one ‘of the components of ‘the emulsion, a
weighting agent which is soluble in one of the COMPO-
nents. - ‘The weighting agent may be soluble either in the
aqueous phase or the oily phase of the emulsion.” For
example, the water phase may contain a water-soluble,
inorganic weighting agent.

The oily phase may suitably be a hydrocarbon, such
as crude petroleum and fractions thereof, such as gaso-
line, kerosene, gas oil, diesel oil, and the like. Other
hydrocarbonaceous materials or derivatives .of hydrocar-
bons, such as carbon tetrachloride and the like, may form
all or part of the oily phase.

The emulsion may either be heavier or lighter than -the
drilling fluid and suitably may have a density in poiinds
per gallon in the range from about 7 to about 18 pounds
per gallon. The emulsion where lighter than the drilling

fluid may have a suitable viscosity sufficient to :displace

the drilling mud and to prevent displacement thereof by
the drilling. mud. For example, the viscosity.of the emul-
sion replacing the drilling:mud may ‘range from.about 10
to-about 4000 centipoises-at 60° F. . :

The emulsion of the -present invention may .suitably
contain film-strengthening agents and emulsifying agents.
As examples of the emulsifying agents may.be.mentioned
sorbitan. mono-oleate, . sorbitan sesquioleate, polyoxy-
ethylene -esters .of mixed. fatty and resin acids, polyoxy-
ethylene sorbitan  mono-stearate, polyoxyethylene lauryl
alcohol, sodium . lignosulfonate, polyoxyethylené -sorbitol
tetraoleate, polyoxyethylene sorbitol monolaurate, and the
like. T ‘
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‘- The film-strengthening agents may comprise a high
molecular weight polymer or condensation product of sul-
fonated phenolformaldehyde, sodium carboxymethyl cel-
Iulose, guar flour, sodium hgnosulfonate, and the like.
There are many water-soluble, inorganic weighting agents
which find use in the practice of the present invention
among which may be mentjoned, by way of illustration
and not by way of l1m1tat10n, alkali metal carbonates;
- alkali metal chlorides, zinc chloride, calcium chloride,
barium chloride, ferric chloride, and the like. Potassium
carbonate, zinc chloride, calcium chloride, and sodium
chloride are partlcularly useful. Examples of the water-
soluble inorganic welghtmg agents are presented in the
followmg table' -
TABLE I

Water soluble inorganic compounds suztable as.
] wezghtmg agents

- 7 'Natne Formula - Specific
- o e § - B Gravity
'Aluminum bromide:.. -

Aluminum chloride

Ammonioniodide.
Ammonium nitrate.

Batium nitrite. .o oiiiiooc
Cadminm acetate. .o iommo-omemean
Cadmium bromate monchydrate....
Cadmium bromide.
Cadmium.chlorate. - oo oloinnicaan-
Cadmium chloride. -
Cadmium jodide. o i _.ooeooieaenan
Cadmium nitrate tetraliydrate_ ...
Cadmium sulfate heptahydrate. ...
Calcium bromate monchydrate. ...
Caleium bromide..cooiooorieeoamnot
Calcium chloride

Calcium lodide.

Calcium nitrate. . . oo ooouiooon
Cupric bromate hexahydrate_-
Cupric bromide. . _....owooooan
Cuprie chloride...—.._-
Cupric nitrate hexahydrate--._
Ferric chloride. - ...
Terric nitrate hexahydrate. .
Ferric sulfate monohyd.rate.
Ferrous bromide. _
Ferrous chloride._....

I‘e(NOz)a 6H20 .
Fea(S04)3.9H0.

Yead acetate trihydrate. . Pb (OszOz)z 3H20__.-
TLead chlorate monohydrate. Pb &ClOs)a.HzO ________
Tead nitrate.-_._. O, )

Lithium bromide.
Lithiumiodide.
Magnesium, bromide_ -
Magnesiumn iodide_..
Manganese bromide.
Manganese chloride tetrahydrate"-
Manganese lodide_.....-.

Nickel bromide, .
Nickel nitrate hexahydrate__
Potassium acetate.. ..
Potassium carbonate. .- . ._.o.i.o-
Potassinm fluoride. -
Potassium iodide. .-

K CsH;0:-

1

Sodium ch_mrafe
Sodium chloride. oo rme e
Sodium hydroxide..
Sodium iodide....
Sodium nitrate.
Sodium nitrite
Sodium phosphate monobasie.....--
Zine bromide.
Zine carbonate.
Zine chloride
Zine iodide
Zine nitrate hexa.hydrate_ [,
Zine sulfate. :
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There are many oil-soluble organic. weighting agents
which are soluble in the oily phase of the emulsion em-
ployed in the practlce of the present invention. The oil-
soluble orgamc weighting agents suitably have a specific
grav1ty in the range from about 1.2 to about 4. These
organic weighting agents are illustrated in the followmg
table:
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TABLE 11
Organic weighting agents
Name Formula Specific
. Gravity
m-Aminobenzoic acid NH:CeB4COOH it 1511
n-Amylbromide. CH3(CHy)3sCH:Br_.. - 1218
iso-Amylbromide (CH3):CH(CH;):Br. - 1.22
tert-Amylbromid (CH3)2C(Br)CsHs.-- o 1218
Amylbromide_ (CH3)aCCH3Br. . S L28
Amyliodide(n) CH3(CH2)3CH2I___ 1 Ll
iso-Amyliodide (CH3):CHCH;CHI - N 1.515.
sec(n)-Amyliod! C3;H;CHICH;. ... -] - L.507
tert-Amyliodide (CH3)2CIC:Hs. . . -+ L471
Amyliodide._ C:H;CH(CH3)CHI. . - 1. 524
Anthracene.__. (CeH4CH)a_ .- o 1.2
Anthraquinon (CeHg)2(CO)p oo o 1.438
Asparagin_ HO:COH(NH:)CH;CONH,.._.| - 1.54
Aspartic ac - - L66
Benzalbromide..__ .l L&l
Benzene hexa chlor! - -l 189
Benzoic acid- - - 1.266
Benzanilide_ 1.31
Benzamide.. 1.34
Benzylbromid 1.44
Benzyliodide 1.73
Bromal : 2,665
p-Bromoacetanilide_ ... - 1.77
Bromoacetophenone. 1.65
-Bromoaniline. .. 1.80
romobenzene. ... 1.495
Bromoiodobenzens..... 2.257
Bromoiodoethane (1,1) 2.45
1,2 Bromoiodoethane. . 2.52
Bromoiodomethane. 2,96
" ‘Bromonaphthalene._. 1,605
Bromosuceinic acid. 2.07
Bromotoluene (o). 1,422
Bromotoluene (m).. 1.41
Bromotoluene (p)- 1.39
Bromoform_.._.. CHBrs. 2.89
Butyliodide ______ CszCHzCHzI 1.617
Chlorobromobenzene_. ClCeHBY el 1,63
Chlorodibromoethane. BrCH3;CHCIBr- ool 2.3 -
Chlorodiiodometharie_ ClOHI 2 e feic e e 3.17
Chlorodiiodobenzene... ClCeHsl,.... -2 1.95
Chloroiodoethane_..__._ CICH;CHGI... 2.1
Chlorotetrabromoethans.. .. 3.4
Chlorotribromoethane ... 2.6
Chiorotribromomethane 2.7
Pentabromoethane___........ 3.4
Tetrabromoethane (sym) R 2. 96
Jodoform. 4.0
Ethylene  Dibromide.____--- 2,17
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It is to be noted that, in all cases, the soluble weighting
agents of Tables I and II have spec1ﬁc grav1t1es greater
than that of water.

The emulsion employed in the present mvent1on will
suitably corsist essentially of from about-5% to. about
95% by volume of water with a. preferred range from
about 20 to_about 80% by volume of water, from about
5% to about 95% of oil with a preferred range from
about 20 to 80 volume percent of oil, and an emulsifying
agent of the: type illustrated in an amount in the range
from about 0.5 to about 20 grams per 100 ml. of the ex-
ternal phase of the emulsion.  The weight percent of the
inorganic weighting agent or salt dissolved in the aqueous -
or water phase:will range from 1% up. to about satura-
tion, while -the ‘weight pei'cent of ‘organic compound or
‘weighting agent dissolved in the oil phase will range from
1% up to about saturation.. Thé film-strengthening agent
of the type illustrated where required may range from
about 0.1 to about 10 grams per 100 ml. of the aqueous
phase of the emulsion. Tt is to be uinderstood, of course,
that -when. a weighting agent is used in the aqueocus
phase one ordinarily will not be required in the oil phase
or vice versa although it is contemplated that, under some
circumstances both phases may contain a weighting agent
soluble in the respective phases.

The present invention will be further 111ustrated by ref-
erence to the drawing in which:

Figs. 1 to 4 illustrate a stepwise operatlon in accordance
with the present invention.

Referring now to the drawmg in whlch 1dentlca1 nu-
merals will be employed to des1gnate “identical parts, nu-
meral 11 designates a well bore drilled from the earth’s
surface, not shown, to. penetrate a plurahty of ‘subsurface
earth formatlons sands strata, zones, “intervals; horlzons,

and the like” which su1tab1y may- be designated by nu-
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merals 12 13, and 14. Intervals 12 and 14 may be pro-
ductive of hydrocarbons, such as oil and gas, while in-
terval 13 may be non-productive. . A casing 15 is arranged
in the wellbore 11 and is cemented in place with primary
cement 16. A tubing 17 is arranged in the casing 15 with
its Jower open end 18 arranged above the uppermost of
the intervals 12, 13, and 14. .

The casing 15 is shown filled with drilling mud indi-
cated by the numeral 19.

In Fig. 2 a tubular extension member 20 is lowered
through the tubing 17 by means of a wire line, not shown,
and landed, supported, and suspended in a -landing nipple .
21 which may be a landing nipple of the type illustrated in
the Composite Catalog of Oil Field and Pipeline Equip-
ment, 19th edition, 19521953, page 4063. The tubular
extension member 20 is suitably provided with a sealing
means to seal between the upper end 22 of the tubular
member 20. and ‘the tubing 17.

In accordance with the present invention at least a por-
tion of the drilling mud 19 is replaced by a body 23 of
emulsion such as illustrated by pumping the emulsion 23
down the tubing 17 and out the tubular extension member
20 to provide a sandwich of emulsion 23 arranged be-
tween the displaced bodies of drilling mud 19, as shown
in Fig. 2. Afier the emulsion 23 has been placed, as
shown in Fig. 2, the tubular extension member 20 is re-
trieved from the tubing 17 by engaging a suitable wire
line fishing tool, not shown, with the fishing neck 24 of
the extension 20 and retrieving the tubular member 20
from the tubing 17. Thereafter a gun perforator, such
as 25, which may be a tubing gun perforator or one of
the shaped charge type or-a punch type or chemical per-
forator or one which perforates casing by mechanical
means is lowered through the tubing 17 by a wire line 26
and is inserted and/or located in the emulsion 23. The

perforator 25 is then operated or fired to form a plurality .
of perforations 27 in the formation or interval 12. By

virtue' of the emulsion 23 being free ‘of solid: materials
and having the characteristics of low fluid 1oss and further
the characteristic of displacing driling mud, the perfora-
tions 27 are clean and hydrocarbons may be easily pro-
duced from the formation 12. ‘

Thereafter, as illusirated in Fig. 4, the perforator 25
is withdrawn on wire line 26 and a second tubular mem-
ber, such as 28, which is similar to tubular member 20
except of greater length, is lowered on wire line 26 en-
gaged to fishing head 29 and landed and supported in
landing nipple 21.  Thereafter the drilling mud 19, both
above and below the emulsion 23 may be circulated out
of the well by flowing a washing liquid, such as water,
indicated generally by the numeral 30, down the annulus
between the tubing 17 and the casing 15. However, it is
to be understood that the emulsion may be used as the
washing liquid to remove the drilling mud by circulating
the emulsion down' the annulus between the tubing 17
and the casing 15. The washing liquid causes the mud
and emulsion to be flowed up through the tubular exten-
sion member 28 and thence upwardly through the tubing
17. Production is then had from the clean perforations
27 into the casing 15. - The tubular extension member 28
may be withdrawn and production continued through the
open end 18 of the tubing 17.

In order to illustrate the present invention further, a
number of compositions of emulsions in accordance with
the present invention were made. In these operations,
emulsions were prepared by mixing oily materials with
water containing inorganic salts as weighting agents.
Various amounts of the several emulsifying agents were
added and the mixtures emulsified in a high speed agitator.
The properties of the emulsion, such as density and API
fluid loss, are also given.

The composition and properties of emulsion prepared
with sodium chloride as a soluble weighting agent are
presented in Table III: :

TABLE III

The composition.and properties of several emulsions pre-
pared with sodium chloride as a soluble weighting agent

Composition of Aqueouis Phase Oil Phase Emulsifier Properties of
Ex- Emulsion
ternal | Aqueous
Sample Phase Phase, )
Number of the Vol Film-Strengthening Agent grams/ API
Emul- Per- NaCl, : Vol. 100 ml, t Density, | Fluid
sion cent 1 - Wt Identity Per- 1dentity . Ex- 1bs./gal. Loss,
Identity grams/ . | ‘Percent cent ternal ml./30
100 ml. Phase min,
80 | 70-DH. CMOC... 2.0 Diesel oil_... 5.0 9.3 0.2
80 | Fileon SPF____ 1.25 5.0 9.3 0.0
78 | XHi. Vis. CMC 1.0 2.50 9.2 4.2
75 | Filcon SP¥__ 1.67 5.0 9.1 0.8
75 | Fileon SPF____.____ 5 4.0 9.3 0.5
75 | XHi. Vis, CMC..._ 1.0 2.50 9.1 3.8
80 | 70-DH CMOC._._._. 2.0 5.0 8.2 1.0
87 | XHi Vis. CMC..._ 1.0 1.67 7.75 1.4
80 | 70-H CMC_........ 2.0 5.0 10.0 4:0
6. 67 10 10 1.0
5 4.0 9.3 4.5
0.0 5.0 9.3 2.4
0.0 6.25 9.3 0.0:
0.0 7.95 9.1 2.2
0.0 5.0 9.3 2:4
0.0 4.0 8.5 6.2
0.0 4.0 8.3 8.4
0.0 5.0 8.33 5:8
0.0 6.85 7.85 5.8
0.0 16.7 7.75 2.0
0.0 10.0 7.65 4.6
0.0 7.95 10.3 2.5-
0.0 3,18 11,6 4.2
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It wrll be::seen. from the. data presented in-Table. IIL.
that emulsions haye-been produced which have densities.
ranging; from _slightly -over. 7  pounds ‘to -over 11 pounds;
Whlch have very low fluid osses.- Thrs is hrghly desrrable
in well perforating fluids,

» Further-additional emulsions. were prepared in accord-
ancewrth the: +foregoing pracedure wherein calcium -chlo-
ride- was.the soluble weight agent. -The composrtron and
propemes of - these emulslons are presented in Table IV:

-From the data-presented. in Table IV, it will-be noted
that emuisions “having -densities ranging- from above 7
to: 10: pounds per gallon: haviig . low ﬂurd losses were:
prepared. :

Additional emulsions w1th potassium carbonate -as the
soluble weighting agent were- prepared in- accordance with
the foregoing: procedures. T this particular, idstance,
emulswns wrth carbon tetrachlonde as. the. orIy phase,

i TABLE v
The composztton and: properties of: séveral eniulsions: pié-

pared wzth calczum chlonde asa so[uble wetghtmg agen o

Gomposition of Aqueous Phase Oll Phase - -~ Fmulsifier Properties:of-
R hee - s . Emulsion.

Aqueous. ..o .

Phase, . ’ :
T Vol | Film:=Strengthening Agent ; grams/ - API .
- Pers b i . CaC]z, e e ol Vb p . 100 ml. Density . Fluid
" cent. | L . Vol - Identity- Per- |+ - Identlty-- Ex: lbs /gal Lioss,
S ¢ Identity grams/ Percent i cent - ternal. “ce./30

S 100 ml. i Phese. | min,
6.67 40 Dlesel 011_-_ 95 | Spani 80, ... 10,0 10.0 8.0
6.67 do: 25- °f Arlacel “C” 10.0 10.0 10
6.67 256 | Atpet 100__...{ 10.0. 10.0. ¢ 1.0

- 6.67 25 Athcel “C” 10.0 9.2 8.5:
6.67 . 10.0 10.0'7 10
0.0 6.7 8.0 5.0
0.0 6.7 7.7 7.0
0.0 10.0 7.5 2.0
0.0 10.7 7.3 2.6
0.0 12.2 7.3 2.0
0.0 16.7 7.3 0.2

TABLE V

were prepared The cornposrtlon and propertres -of these~
emulsions: are presented in: Table V=

The composition and properties of several emuls:ons pre-
pared with potassium carbonate as a soluble weight-

PO ROCHUOD SRR ONOND

ing agent
Composition of Aqueous Phase - Oil Phase Emulsifier Properties of
Ex+ R R . Emulsion
ternal | Aqueous R PR -
Sample Phase Phase, R o f
Number of the Vol. Film-Strengthening Agent i grams/ API .
Emul- Per- - - KnCOs, - E 1 -Vol. -« = :=|-100 ml. -| Density, | - -Flaid -~ -
_sion eent ] . Identity Per- Identity Ex- 1bs./gal. Loss,
Identity grams/ Percent cent’ ternal | . ce./30
100 ml. Phase . min,
XHi. Vis, CMC.._.. L0 43 20°|-Arlagel“C”.__| - 2.8 12.4 L
do 1.0 47 ¢ - 20 d 2.5 [ 127 4.
2.0 47 2.5 ~12.7 4.
2.0 4T 2.5 12.7 2
2.0 47 Ck 2.5 12.7 5.
2.0 | 471 Dieseloll ae 2.5.| 11.3 2.
S L0 do 2.5 11.3 3.
1.0 do: 2.5 11.3 -1z
2.0 (- 1.25 12.8 12
2.0 .25 12,8 12:
5.0 2.5 11.3 &
6.67 10 - -10 -1,
1.82 2.0 ©.10.0-1 s
5.0 2.5 127 10:
2.0 5.0 12.8 o3
1.0 | 5.0 ~12.8 A
5.0 10 12.8 4.
L7 10.0 12.7 1.
2.0 | 5.0 12.8 1
L0 6. 25 12.7 “-18
1.0 - 6,25 - 12.7- <17
1.5 g gg 12,7 --34
L&) - 1.82 ’ -
LE)-- - - 6.25
5.0 - - . 6.25
2106 {s (s
6. 67 <20 Renex~30 ...... 6.251 -
- B0 20 Tween60 ...... 6.25 A

©1 Samipléd Komogenized.
2 CMC'not in solution,.
> ¥ Filcon not in solutlon, stable.”
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It will be noted from an examination of the date in
Table V that the emulsions had low fluid losses and had
densities ranging from 10 to nearly 13 pounds per gallon.
Additional emulsions were prepared with zinc chloride
as the weighting agents.  The composmon and properties
of these emulsions are presented in Table VI:

10

It will be clear from an examination of the data in
Table VI that emulsions having densities ranging from
about 11 to about 16 pounds per gallon may be pre-
pared without employing solids. ‘

In order to illustrate the stability of emulsions, selected
emulsions were exposed to high temperatures in the range

TABLE VI

The composition and properties of several emulsions pre-

pared with zinc chloride as a weighing agent

Composition of Aqueous Phase Oil Phase Emulsifier Properties of
* Ex- : Emulsion
. ternal | Agueous
& Sample Phase Phase,
Number of the Vol. Film-Strengthening Agent grams/ API
Emul- Per- ZnCl;, Vol. 100 mi. | Density; | Fluid
sion cent | Wt. Tdentity Per- Identity Ex- ihs./gal. Loss,
. Identity: grams/ | Percent cent ternal ml./30
v 100 ml. ] Phase min,
75 XHl sz CMOC.... 1.0 53 | Diesel oil.... 25 3.3 11.6 10.8
1.0 5 | CC 25 3.3 13.3 7.8
1.5 53 25 2.5 13.3 10.6
L5 53 25 2.5 13.3 9.0
6.7 70 25 10.0 15.6 1.0
2.0 53 25 2.5 13.3 12:.0
5.0 53 25 2.5 13.3 19.0
0.0 70 20 5.0 15.8 1.8
50 | Saltkem .._.o._ioi... 10.0 70 50 | Span 80.- 5.0 14.8 2.0
0.0 60 20 | Saltkem.._ 5.0 13.0 0.0
0.0 47 20 10 12.2 9
0.0 70 | 25 5.0 15.6 5.0
0.0 60 35 5.0 11.8 1.2
0.0 47 33 10 11.2 3.9
0.0 70 25 6.7 15.6 2.5
0.0 47 48 6.15 12.9 8.4

from about 180° F. to 190° F. and the properties there-
of determined after varying periods of exposure to the
aforesaid temperatures. The composition and the filtra~
tion rate of the selected emulsions before and after ex-
posure to the high temperatures are presented in Table
VII:

TABLE VII

Filtration rate of selected emulsions before and after ex-

posure to high temperature

Composition of Aqueous Phase 01il Phase Emulsifier. Properties of Emulsion
External | Aque-|. ) i
Sample| . Phase ous Film- Strengthenmg Weilghting Agent X grams/ APL
Num- | of the | Phase, Agent 100 ml.| Den- | Fluid API Fluid
ber Emul- . Jdentity ;] Vol. Identity Ex- sity, Loss, Laoss,
sion . | Percent Percent ternal | 1bs./ | ce./30 cc. /30 min.t
Identity . .| grams/-| Identity | Wt, | . Phase | gal. min,
1 100 ml. B Percent
80| Filcon SPF...j 1,257 :-NaCl 26 5.0 9.3 0.0 (1.0 (8 hr.)
{ 26 3.0 9.3 0.5 0.5 (19 br.)
______ ] 5.0 9.3 2.4 | 6.0 (19 hr,)
40 10.0 10:0 1.0 | 1.4 (24 hr.)
D . 0 | b 47 5.0 12.8 1.8 | 0.2 (48 hr,)
75 1-Filcon SPF... 6,67 | ZnCls 70 10.0 15.6 1.0 (9.0 (48 br.
75 70 | 0.0 156| 13.0 ngh (48 hr.)
75 707" 6.7] 156 5.01:9.0 (48 hr)

1 After exposure at 180-190° F, for the indieated number:of hours.
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- Examination of the -data .in Table-VII shows that the
emulswns are quite stable and retain their property of low
fluid loss even after. extended perlods of exposure to
high temperatiure. ‘This is lrnportant in well completion

12
In.order to illustrate the invention- further, several per-
forating targets were prepared by cementing 107 by 312"
Berea outcrop-cores into 4% " casing. A 3" steel plate
was provided at one end to simulaté well: perforating

bmethods smcedtemperﬁtures in the range indicated may 5 gonditions. - Emulsions were prepared in accordance with
e encountered in wells R ; ' : N

the present:ifivention and placed in the perforating .cham-

emIrlx] T:bgﬁtsvgrlnﬂll: ;%eri?tyrzzeﬂiee dseveral ﬁlm strength- ber and the targets and chambers were maintained at

£ a8 P yTABLI;E VIIT 180° F. for 24 hours. A pressure differential of 500

10 Pounds per square inch was placed across the target with

Informatzon on film-strengthening agents used in prepara- ~ fhe pressure differential into the core and then. the target

tion of emulsion “ ' was perforated by firing into-the target. After allowing

Trade Designation | Chemical Composition | - - Manufacturer - _ time for filtration, which varied from about 4 to about

- 24 hours, the target was backflowed to determine if any
Filcon SPF. . ooee. A sulfonated polymer .. Mgmamo Chemical, - -15 . breakdown. pressure. was required. The final permeabil-
ompany. 3 i ine B

DriSCoSe. oo ‘Sodium carboxymethyl Hercules Powder Com- lty of the Perforated target to kerosene was ObtaIHEd and .
H OMO cegulose pany. _compared to the target’s initial permeability before per-
;O—SH OM.O. o 'ng forating.  -In two of the cases the target perforations were
70-DH. CMC. Do, -
Guar Flour._.._. Mﬂ]ed endosperm of General Mills Inc 20 aCI,d,lzed Wlth 5% HCL ter acidizing, the final perme
- guar seeds; - - -77 ability of each treated target to kerosene was then ob-
<Baltkem ... Sodfum lignosulfonato.... Marathm Corpora- _ tained. The targets were then cut open and the perfora-
XHi Vis. CMC.| Sodium carboxymethyl Dow ‘Chemical Com- * ° tion depth- and clean-out noted. The results of “these

cellulose.b pany.
operations are presented in Table X. :

! Fil('ou is a reglstered trade name of Monsanto Chemical Co., the 25 The data in Table X Show that the ope eratmns usmg-
manufacturer. - The product disclosed in this application is a high emulsions as perforatmg fluid give quite satisfactory re-
B Sy 1w powvzner of lfonated phenol and formaldehyde (U. 3 sults. - The first two emulsions had a very low fluid loss-

atents Eavalq = . . 4 .1

2 éveraoo of 0. gs%dlum catboxgmeftléyl gr(iu{) per %nglgdéogliloco%e Ogmt into the-target. - The. third emulsion, which was an oil--
medium VlSCOqu Orm, vISCOSIty 0. solution at 25 cp. : p - _in-0il’ “Of the

3 Average of 0.7 sodium cqrboxymethy% group per anhydroglucose unit, in-water type as. Cc_’ntr aSted_ to ‘a water-in-oil type of the
high viscosity form, viscosity of 1% solution at 25° C.: 1300-2200 cp. 30 first two, gave ahigher fluid loss but the recovered per-
p‘ Avlelrl""g"fiogg"tdi?mrgarbm‘ymemyl group per anhydroglucose unis, meability indicates little, if-any, filtrate damage to the
speclat nigh viscosiyy 101

5 Average of 0.7 sodium carboxymethyl group per anhydroglucossunit, . . core. The results also show that acidizing the. cores in~
ggéloshf%)e:d form of CMC-70 H, viscosity of 19, solution at 25° C.: 1300~ creases their permeablhty In one case, the permeablhtyr

lﬂ Average of aboult] _O-g t00.4 S_odilfml carboxymethyl group per anhydro- after acidization was higher than the original permeablhty
glucose unlt; extra high viscosity form. o .. .35 of the core. .-Observations on the perforated targets. in- .

- Table IX is similar to Table VIII but gives the chemi- - dicated that a_very small pressure differential initiated
cal composition of the emulsifying agents employed in . flow. . o
the several examples: The fact -that only a small pressure differential was

required to initiate flow through the perforations is con-
TABLE IX N o A X
40 sidered very important. This means that in a well all -
1’1f0’ma11071 on emulsifiers used :in Prepﬂm”o" Of perforations' made in an emulsion perforating medium
“emulsions. - will open to flow. This is not the case. where mud is
» _ used as a perforating medium.
Trade Designa- | Chemical Composition. | Class of .| Manufacturer 4 It will be seen from the foregoing séveral examples
Co tens : Agent oLl that an improved perforating technique has been pro-
: vided which allows clean perforations to be formed by .
________ i -ionie. . s . . . P .
. ‘Bpan 8. Sorbitan monooleate.....| non-lonlo..; Aflas Powder - porforating with a clean emulsion which is free of solids.
ﬂlagfll(‘);)c"m- %°§E‘3%’i‘f?§§““é‘;¥’%ﬁgﬁ' %3' Furthermore, it has been possible to provide emulsions

DL 0. - oo monooleate. - ; 50 yvpich have: the property of displapil.lg the.dril]jng fluid .

Renex 30 Polyoxyethylene  esters Do. “without being displaced by the drilling fluid. In other
of mixed - fatty and . . . N A .
resin acids. words, an emulsion which has an inorganic weighting
Tween 60.._... P%},’;{’fggggﬂgg& (Sorbt |--o- do..... Do. -- agent’is. provided which is free of solids and is of suffi-
Brij 30 ... Pollyoic]yiathylene laoryl |- do..... Do. . . cient weight and/or viscosity to displace the drilling mud.
ety : N b . . .
Saltkem._._._._ Sodium lignosulfonate...| anionic.._.| Marathon 55 The perforating ﬂ}n d 9f the present 1pven1;10n, ]?y virtue
G254 Pol ol b on A(forporaigon. of being free of solids, is also of value for use in work-
~2854. oo olyoxyethylene sorbi- [ non-lonic..| Atlas Powder ] : . : f . . _
e e Company. over operatlox}s besides - perforation in wells. _For ex:
Span 20....._... Sorbitan monolatirate. |- do..... Do. - ample, the fluids may be used wherever there is danger
G020/ e Polyoxyoilylene sorbi- ... do.... Do. .of damaging a formation by. contact with fluids which
0. might plug or reduce the permeablhty or porosxty of the
TABLE X
Data on targets perforated in emulsion perforating'ﬂuid
Perforating Fluid Composition Emulsion Properties " Target Permeabilities -
TestNo. | Oil Phase, | Water |  Film- Weighting Fluid | Fluid Loss | Before | After Per-| After-
Percent by | Phase, | Strengthen- | Emulsifier |--- Agent, ‘Weight, | Loss, into Pertorat- forating, - | ~Acidiz- -
- vol. Percent] ing Agent Percent by | 1bs./gal. | -API Target g, oil- [ millidar- | ing, mil-
- by.vol. - vol, - lldarcxes cies ldarcies
835 eeninen 25(D.0.)...| 75| 6% Flleon |19 Spanso | 26% NaCL..|  8.3| 4.5|158co a2 190 | 125 (atber Jomomeo._.
in HO. oil, - . hrs. 4 hrs.).
8360 mnnicannan 25 (D. 0.)--. 75 (TS do do. 9.3 0.5 | 16, 9 c. /24 215 15§ ((f,tteg 200
. . ays).
X 7 RS 20 (D. 0.)... 80 | None........| §% Saltkem |__... (s [ — 9.3 2.4 | 66. 7/4 5hrs.. 240 | 187 (af%er 316
in H;0, ’ 7 days).

e
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formation. - Washing and circulating operations are ex-
emplary of uses where the emulsion perforating fluids
may be employed.

The present invention is, therefore, of conmsiderable
utility and advantage in perforating wells.

The nature and objects of the present invention having

been completely described and illustrated, what we wish °

to claim as new and useful and to secure by Letters
Patent is:

1. A method for completing a well penetrating a sub-
surface earth formation while maintaining said well un-
der control with a fluid column having a hydrostatic pres-
sure in excess of formation pressure which comprises re-
placing only a portion of the drilling fluid in a casing in
said well with a solids-free heat stable emulsion which
consists of from about 5% to about 95% by volume of
an aqueous medium, from about 5% to about 95% by
volume of an oily medium, a weighting agent in an amount
within the range between 1% to about saturation solubie
and dissolved in at least one of said media, said weight-
ing agent having a specific gravity greater than the spe-
cific gravity of the aqueous medium, and an emulsifying
agent selected from the group consisting of sorbitan mono-
oleate, sorbitan sesqui-oleate, polyoxyethylene sorbitan
mono-stearate, polyoxyethylene lauryl alcohol, sodium
lignosulfonate, polyoxyethylene sorbitol tetraoleate, poly-
oxyethylene sorbitol monolaurate, unpurified sorbitan
mono-oleate, sorbitan monolaurate, and polyoxyethylene
esters of mixed fatty and resin acids in an amount with-
in the range between 0.2 and about 20 grams per ml. of
the external phase of the emulsion, inserting a perforator
in the emulsion, and operating the perforator in the emul-
sion to form clean perforations in said casing, said emul-
sion having @ weight in the range from about 7 to about
18 pounds per gallon, being heat stable, and having a low
fluid loss at high well temperatures whereby said earth
formation is protected from damage by contact with fluids
which might plug or reduce the permeability or porosity
of the formation.

2.A method in accordance with claim 1 in which the
soluble weighting agent is dissolved in the aqueous me-
dium,

3. A method in accordance with claim 1 in which the
soluble weighting agent is dissolved in the oily medium.

4. A method in accordance with claim 1 in which the
soluble weighting agent is an:inorganic metal salt. dis-
solved in the aqueous medium.

5. A method in accordance with claim 1 in which an
organic weighting agent having a specific gravity in the
range from about 1.2 to about 4 is dissolved in the oily
medium,

6. A method in accordance with claim 1 in which the
emulsion contains a film-strengthening agent in the range
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from mbout 0.1 to about 10 grams per 100 ml. of the
aqueous phase of the emulsion.

7. A heat stable well completion composition having
a weight in the range from about 7 to about 18 pounds
per gallon which consists of a solids-free emulsion con-
taining from about 5% to about 95% by volume of an
agueous medium, from about 5% to about 95% by vol-
ume of an oily medium, a weighting agent having a spe-
cific gravity greater than the specific gravity of the aque-
ous medium in an amount within the range between 1%
by weight to about saturation dissolved in at least one of
said media, and an emulsifying agent selected from the
group consisting of sorbitan mono-oleate, sorbitan sesqui-
oleate, polyoxyethylene sorbitan mono-siearate, polyoxy-
ethylene lauryl alcohol, sodium lignosulfonate, polyoxy-
ethylene sorbitol. tetraoleate, polyoxyethylene sorbitol
moenclaurate, unpurified sorbitan mono-oleate, sorbitan
monolaurate, and polyoxyethylene esters of mixed fatty
and resin acids in an amount in the range between 0.2
and about 20 grams per 100 ml. of the external phase of
the emulsion, said composition being heat stable and hav-
ing a low fluid loss at high well temperatures. :

8. A composition in accordance with claim 7 in which
the emulsion contains a film-strengthening agent in an
amount in the range from about 0.1 to about 10 grams
per 100 ml. of the aqueous medium of the emulsion.

9. ‘A composition in accordance with claim 7 in which
the weighting agent is dissolved in the aqueous medium.

10. A composition in accordance with claim 7 in which
the weighting agent is dissolved in the oily medium.

11. A composition in accordance with claim 7 in which
the oily medium contains carbon tetrachloride.

12. A composition in accordance with claim 7 in which
sodium chloride is the weighting agent dissolved in the
aqueous phase.

13. A composition in accordance with ¢laim 7 in which
calcium chloride is the weighting agent dissolved in the
aqueous phase.

14. A composition in accordance with claim 7.in which
potassium carbonate is the weighting agent dissolved in
the aqueous phase.

15. A composition in accordance with claim 7 in which
zine chloride is the weighting agent dissolved in the aque-
ous phase.
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