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THOMAS L (‘ROVVLDY OF REXV, ]uNVSYLVANI JL

TUBING PACKING AND OPERATING OlL- WELLS

SPECIFICATION formlng part of Lettﬁs Pa.tent No 280, 139 dated J'une 20, 1883

- Applieation ﬁled March 10 1833, (No model.)

10 all whom zt AT CONCEFTy :
Be 1t known that I, TrHOMAS - L. GI’O"WLI*Y-

a citizen of the Umted Stwtes 1681(111]9 n hew

in the county of McKean and Sta,te of Penn—
sylvania, have invented certain new and use-
ful Imprmfements in Tubing, Packing, and Op-

~erating Oil- \Ve]l% of which the followmﬂ 1S a

10

15

qpeelh(zamon

The object of my inventi on is to pr owde the
111ezms for increasing the production of oil-
wells by an economi_ml application of the ex-

-pansive force of the gas contained insaid wells,

all of which will be fu]]y and clearly ]1eremaf-
ter shown by refererce to ’rhe weompanymn
drawings, in which—

Kigure 1 18 vertical central séetion thmuﬂh
‘111 011 well and my improved apparatus, show

g the 1nvention as adapted to a well which

Ppr Oduees‘, no water belowthe pacher and which

18 drilled below the oil-rock. I‘lo 2 repre-
sents a similar view, showing the apparatus
as adapted to oil-wells w 11_1(311 produce water

-below the packer, and also to wells which are-

- not drilled below the oil-rock. Fig. 3 is an

23

35

40

45

enlarged vertical central Sectmn throuoh the

oS- tmp I'ig. 4 18 an enlarged verbmal lon-
gitudina]. section through- L].l@ll@&d.()i the cas-
ing, and a side elevation of the device for in-
creasing the pressure on and more effectmlly

| expmudmﬂ the packer when required.. TFig.

18 a detached side elevation of the eonnee’rmo -

link and nut forming a part of the device for

expanding the packer. Fig. 61is a face view

of the supporting ring or ﬂmwe which forms

a part of the said 1)‘1»0]1,61 twhtemnﬂ or expand-
ing mechanism ; and Fig. 7 is an enlar ced side
view of the smﬂl eheck valve, par t]y in see-
tion. -

The met]lod heretofore employed for pmeh-.
ing and tubing oil-wells is generally to put the

packer down as close as pOSSible to the oil-

rock without oettmﬂ 1mto the fractured rock.
The T or cross of the tubing or other. inlet-

“opening 1s puton 1111111edmtely below the pack-

er, and another T or cross-opening is some-

. timnes put on at or -about the lower part of the

50

oil-rock. . A disk is generally put in above
the packer, which disk is finally broken, and
the well, if a small producer, sometnnes does
not flow until the expiration of twelve or thir-
ty-six hours, or until the tubing gradually fills
with foammg, boiling o1l. This method is de-

fectwe 1m several 1*@5]36@‘[% First, there 1s ]1t’r1e |

or no reservolr for the storage of gas between
the flows or gushes, so that the 2as 18 ¢on- 55
stantly bubblmﬂ up through the oil in the
tubing and going to waste ; ; second, there is

| alw"ws a ]11011 (3011111111 of oil W’lﬂ]lll the tub-

ing, the pressure of which continnally rests .
upon the oil-rock and against the oil and gas 6o
issuing or discharged therefr om, thereby pre-
seutmg a greab obstl uction to %uch discharge,
and 80111et1me&, stoljpmﬁ it entirely until the
well is agitated.

The upper or large string of tubing, a, is con- 63

,110(,te-:1 together in ‘the usual way.

« 1‘61)1{386]1t8 the packer, made in the 01*(11-
nary manner, excepting its 1)0@113_1011 18 reversed .

for the purpose of making a tight joint. It

is provided with a common telescope-joint, «*, 7o
and operates in the usual way by exlﬂudmﬂ'
the rubber «', so as to tighten the joint Dbe-

tween the walls of the well and tlie tubing.

At the bottom of the larger tubing, «, 1S &
reducer, ¢, to which the Snn]lel tubing, (( I8 75
commected.” The reducer « is arranged at a |
considerable distance above the bottom of the

oil-rock a*—say from one to two hundred feet.

b is the ordinary cross or inlet, which, being

“arranged-below the oil-rock, constitutes agas- 8o
trap, mm solely, by reason of its positlon be-

low the o1l-r OGL, answers the same 1)111 Poses as

gas-trap o' |

In Fig. 2 the gas-trap U3 is adapted to be
used Olﬂy in wells which are not drilled below 8g

the oil-rock, because they are adapted to re-
ceive the oil and conduct it into the tubing at

a point covered with o1l be]ow the 1ssuing-
point of the gas. |
In Fig. 1 the sides of the well below the oil- goO

‘rock pri oduce the same etfect as the outer sides

of the trap 1, as it will be readily seen that
as the level of the oil rises to the dotted lines

| 1%, or thereabout, in Figs. 1 and 2, the flow of
~@as into the tubing will be shut oif by the oil. g5
A well that pr oduees water below the packer

should beprovided with a vertical check-valve,
0". It should be in the string of smaller tub-
ing, and 100atec1 say, from Snty to eighty feet

‘below the bottom of the lar oer tubing; but the oo

location of this check depends to so__m_e extent
upon the proportion. of gas in comparison to .

the amount of oil and water to be thrown out,
‘and also upon the depth of the well; but it
should be located far enough below the top of ros
the smaller tubing to a,llow all the drip and




| sljlay from the large tubing to run back mto
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the small tubing, Where it is supported on the
said check-valve. Fromthis arrangement, as

the well operates by intermittent ﬂows 1t Wﬂl'

be seen that the water remaining in the tub-

Iing bemﬂ the heaviest, will Smk toward the |

bottom and e caught. and held by the check-

valve, and, the next time the well flows, the

rapidly- movmﬂ upward current of oil mixes
with and carries up the water with 1t, the mo-

tion of the oil being so rapid that _the water

is carried up faster than it can settle down
through it, so that it is thrown out with,the
oil.

In my process some flowing "WGHS can be
flooded with great advantage, Sometlmes the
production bemb doubled. “In this case T em-
ploy a very small vertical check-valve, ¢
(Shown 1n Fig. 2, and also in the enlalﬂed
view, Fig. 7.) It should be about three- elghths
of an inch in diameter of opening, and should
belocated above the other check- V&lV&, b*, at or
near the top and outside of the smaller tubing,
and should open upward and outward, qs
shown, so that the liquid or gas, &e., can pftss
oub of the tubing into the well but not back
into the tubing. This check ¢' is required
only in wells whele the large check 0® is used.
When a well 1s thus ﬂoodul the oil or other

liquid run into thetubing Wlﬂ pass outthrough

the small check-valve ¢’ into the well, and rLlsr:}
when the well 1s blown out by an zur or nas

blast, it will pass into the well through this

eheck a8 1t cannot pass down through the large
check 0P, Tn starting the well after bemﬂ
flooded, it will be necessary to drop the or di-
nary St’bn{llllﬂ valve into the socket or the re-
duecer «’, and then fit the well with the usual
pumping apparatus; but the working-valve
in this case should be made to fit fmd work
in the tubing. It would Dbe well to use a
smooth piece of tubing for the lower joint in
which the working-valve operates. Atter the
well is thoroughly pumped out and flows, the
valves and rods are all removed or drawn out.
 The caging used is the well-known casing
made 1m L’le ordinary way, and requires no de-
seription here. |

b* represents the casing- ‘head. (SeeFig. 4.)
To the tubing « is ﬁlm]y secured a ring or
supporting-piece, °, by a key, or in any other
well-known Way. Thy ough thisring 18 passed

“alink, ¢, provided with a screw and nut, ¢.

55

60

- In the oppom‘te end of thelink or eyebolt ¢ is
an eye, .

¢’ is a pin 1101flly fastened in any suitable
way to the casing-head, which pin or piece of
pipe passes 1nto the eye ¢’ of thelink. It wﬂl
now be seen that by serewing up on the nut ¢
the tendency is tolift the casing (which in some
cases weighs a ton. or more) and to foree the
tubing down thereby affording the means for
compressing "Lnd expanding the packer at will.
This. 00115131*110131011 isnecessarily connected with
my invention, as it requires that the packer

should form a perfectly-tight joint between

|

the top of the well, and the g
Aill so quickly that enough of 0il eannot accu-
mulate 1n time to conﬁne it while ascending
the tubing, so that the gas will pass thr ouﬂh

280,139

as I nse a much 1‘11*0 er portion of the tubing
below the packer than has heretofore been

done. Any other suitable packer than the one
I have described can be used; but it should be

one that would produce a perfeetly -tight joint

for deep as well as shallow wells, e&peemﬂ]y
when used for pumping through.

'The altitude of the packer is one of the most

particular points in my process of packing,

tubing, and operating an oil-well, and the
proper altitude depends apon & ﬂood many
conditions—the depth of the well, the, amount
of gas in proportion to the - amount of o1l the
well produces, the size of the tubing, &
A well having an unusually large flow of g

in 1)101:)01131011 to 1ts o1l pr oduction should be
packed much higher, and consequently have

a larger gas-chamber, than a well having a ¢

c;ma;lle] flow of oas 11 compmmson with its “oil
production. . For instance, a well having dou-
ble the amount of oas eompwred with the aver-
age amount of oil should be packed abouttwice
as high as the average well packed by.my
method of packing. The size of the gas-cham-
ber should be about sufficient to hold all the

oas production of the well below the packer

while a sufficient head of oil is being produced
and stored in the tubing to confine t]us oas by
its liquid-pressure antil the expansive force of
this gas has elevated the head ot o1l from the
bottom of the well to the top while flowing.
Other things being equal, when there is an
average amount of “eas in proportion to the
amount of oil, and the wells are of an average

“depth—for 111813311{.;0 fourteen to sixteen hm-

dred feet—and two- 1110]1 tubing isused for the
top and one and one-half inch for the bottom,
I limit the length of the gas-chamber to ’LbOUL
or nearly one-third the depth of the well.
Tubing of half the capacity above mentioned
will of course require about one-half the ca-

pacity of gas-chamber; but other things being
equal in regard to the conditions menti oned, 0
well two thousand feet deep should not gener- -
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ally be packed near twice as highasaw ell one -

thousand feet deep, as the pressure in the oil-
rock will not permit of it.  Stillthere are some
wells which have gas enough to be packed at
the casing-head, and there are some wells hav-
ing a very small flow of oas, 11 which the gas-

chanlbel should be from one-fourth to one-fifth

the length of the well. If the packer 1s too
high, Lhe pressure of the gas willnot increase
as mst as the pressure of 011, and consequently
the well cannot flow until the packer is low-
ered to its proper position. If the packer 18
too low, the gas-chamber will not hold enough
oas to ﬂlve Sufﬁclent expansive force to cause
the Well to flow or carry the head of o1l up to
oas-chamber will

the head of o1l and throw" out butlittle or no 01]

Wells operated by my method should be
shut in and blown out in the usual way when

the pipe or tubing and the wall of the well, | required. Some few wel]s of tlns construction,
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- for various reaSons are inclined to Gontmue to | broken in the usual way, and the well makes

10

throw out gas t0o 1011 after beingshut in and

blown out, which sometlmes stops the well

from ﬂowmg In this case, in about ten or

twenty minutes after the well has quit ﬂowmg_

and spraying, the gas should be shut in and

left so from five to ten minutes, and then al-

lowed to escape. Amnother advanta e in my
process is when a well fills up with Sand and
other sediment to the inlet, and partly clogs

the same, a high pressure of air (or gas Where;
“air is injurious to the oil-rock) may be forced |-
down the tubing into the gas-chamber by any
~suitable air-pump.

135

The o0il will thus be forced
onto the outside of the tubing by said' air or
oas pressure, and when the pressure in the

~gas-chamber has reached the required high
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tensmn the tubing should be opened at the top

of the well and the contents allowed to escape

suddenly. This should be done when there is
a head Of 0il in the well, or some should be-

run in.  When the tubmﬂ' is thus opened at
the top the o1l is forced wolently into and up

~ the tubing, and carries up with it the sand and
other sediment out of the well, thereby leav- .

ing itin properec conditionto flo W again. When

a Well stops
started in the above manner, instead of 2g1-
tating, as usual. Naphtha, g asol_me or other

similar liguid may be run ;111130 the tubmﬂ and

forced back into the o¢il-rock, by the above—
mentioned air or gas pressure, by increasing
the pressure to a sufficiently ]110]1 point md
allowing it to remain long enmw*h to force the
liquid into the pores of the 1‘0(31{ and then let
it escape suddenly, as above 111ent1011(3d In
this way the pores in the rock are sometimes

cleared out, and the production of the well is
consldembly increased. I have found in my
“experience that the difference in the capacity

of the tubing used should be from about one-
half to four tcnths—that is, the. large tubing
a should be about two 1]101168 (mme or less) in

" diameter, and the tubing ¢’ about one and one-
half inch in diameter, more or less; but of
course these pr 01)011310115 may be varied some-
what, as experience under varying conditions

may dletate ‘or one or more additional sizes
of tubing m ay be added, if desired, without
changing the nature of my mventmn Great

care should be exercised in getting all the
joints in the tllblnﬂ ‘below the p’Leker per-
fectly tight.

- The opemtlon of 111}7 invention is as follows -
First, it should be borne in mind that the

pres&me per square inch at the bottom of any
vertical column of liquid is due entirely tothe
height or depth, without regard to the diame-

ter of the pipe or vessel th&t contains it; sec-.
ond, that the inflow of gas from the oil- rock is
'111016 free and copious against an inereasing

high pressure than the inflow of oil, compara-

| ._tlvely In other words, the inflow of 01l com-

~than at any other time.

pared with the inflow of gas is more free and
copious just after a high pressure is removed
In starting a well the
or dinary disk, 4, in the coupllng (see I‘]D 1) 18

owing for any reason, it may be

ol

¢reast 1]

aflow. Theexpansive f01 ce of thelarge cham- _
‘ber of compressed gas blows all the oil out of 70
the tubing down to the inlet 6. The flow is -

closely followed by a spray of oil passing up

the tubing directly from the oil-rock, blown

out of the tubmn by the lateral part of the gas

from the gas- chmmber, assisted by the fresh in-

flow of 'D"LS from the oil-rock as the high press-
ure 18 1‘61110176(1
of the gas in the gas-chamber has liberated it-
self throuﬂh the tubm
in the tubmg, toaether with the drip on the
sides of the tubmg, eradually settles back to
the bottom of the well, and, as it settles into

After the last expansive force

75

, then the spray of oil -

30

the lower part of the ‘“-111’1&1181 tubing «, it 1s

joined by the fresh oil produced from the oil-
rock, thereby filling the gas-trap,whether it be

‘the 131"11;) ¥ or the P ocket - tr ap 0, and seeks

a level inside and outside of the tubing as far

as the increasing pressure of gas outside of the.

tubing will _pemmt Here it will be under-
Stood that the spray and drip will fill the
smaller tubing much farther or higher than
the same amount of oil will fill the ]‘Llﬂel‘ tub-
ing, and thereby more fully -confine the 1n-
oas-pressure in the gas-chamber by
the elonﬂatmn of the liquid column and its
eonsequently Increasing pressure as 1t -passes
from the larger tubing 111t0 the smaller. The
pressure at its base is 111(31"6‘"186(1 in direct pro-
portion to its increased length. Now the flow
of oil and gas goes on issuing tfreely from the
oil-rock. The ¢ oas is prevented from entering
the tubmg by the gas-trap arrangement. As

the trap is filled or partly filled “With oil, the

oas cannot descend through the ol and g et into
the tﬂblllﬁ umnless the downw'"brd Cury ent of the

So the

in the gas-chamber,exerting its pressure down-
ward upon the bm‘face of the oil at its lower

extremity, gradually pressing the oil down-
ward on the outside of the tubing, causing it

to rise therein, fed by the o1l pr oductlon of the

rock, and sl owly elevated in the tubing by the
increasing pressure of oas in the gas- chamber.

The increasing pressure at the b‘l&@ of the oil
¢olumn in the smaller tubing
‘nearly keeps pace with the1 11101‘6‘18111 pressure

o at the gas-trap

in the gas-chamber, so as to confine the gas

until the top of the ‘column of oil has reached

about the top of the smaller tubing; and, as

stated before, the gasissues from the rock com-

paratively faster "Lgmnst an inecreasing high
pressure thanthe oil. - So 1t the gas- (‘h‘bmbel is

about the right size, or the packer has been
properly located, the

cas-pressure will have
gained sufﬁclently on the oil production and

oil- -pressure to have all the oil on the outside

of the tubing forced into the tubing down to
the inlet by the time the smaller tubing is filled
with oil. Should the gas-chamber De quite
large, the gas- pre essure Wl]] continue to raise
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0il in the 1 trap is more rapid than the upward
movement of the bubbles of gas through the
oil by their buoyancy, which is snot the case ex-
cepting when the well is making a flow.
gas ascends and accumulates and compresses
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the oil 1into the large tubing by its downward |

. pressure on the oil on the outside of the tub-

1O

Ing.
much slower while filling the large tubing as

the difference 1n capacity between the small
and large tubing, ¢ and «”.
the gas- “chamber will €
or overbalance the oil
the o1l is all forced into the tubing down to

-pressure. - AS S0011 as

the inlet, the well 1s ready to flow. The gas

then begins to pour into the tubing from the
gas - chamber, and every quart or gallon of

- gas that enters the tubing displaces an eqgual

~amount of o1l from: the small tubing into the |
large tubing, and reduces the height or length.
- of the o1l column accordingly.  Ior example,
-1t the small tubing has just half the storage ca- |

N

 pacity per foot as the large tubing, every two

 feet of o1l that passes out of the small tubing
into the large tubing will fill it only one foot,

20

~ thus giving the gas-pressure a rapidly-increas-
- Ing power over the oil column until the oil is

- ail forced out of the small tubing into the large. |

~ ing the head of oil up.th_e tubing rapidly..
- the gas begins to pour into the 'tubi-ng at the |

Then there would only be half as mueh liquid-

pressure per square meh for the gas-pressure .
At this stage of the process the ex-

to 1iit.
pansive force of gas in the gas-chamber is send-

inlet before the column of oil reaches to the top

‘of the small tubing, the eftect will be similar,
- only differing in deglee

. peated at every flow, excepting the breaking

- 35
40
45
50
55

60

of the disk, which is only done when the well;

18 first stfu’*ted
It will now be seen that the oil pr oduction
is utilized to confine the gas and act as a

pressure of the gas,
wasting of the gas between the flows, and the
tluchenmﬂ of the oil by the {Lﬂltfhtl()ll of the
constmltly escaping gas, and saving the gas
until there is a sufficient pressure to eject the
entire accumulated head of oil from the tub-
1ng in one continued blow or gush by its ex-
pansive force. In this way the gas 1s gener-
ally shut into the well in from five fo ten

-minutes after the well quits flowing and spray-
“1ng by the Set.tli_ng back of the spray and drip

of the tubing, as before mentioned. If some
wells Should 11013 start flowing when the disk

18 broken, the oil should be Swmbbed out or

pumped 01113 as directed for pumping out a
well after ﬂoodmﬂ -
It may be well o state here that the capac-
ity of the lower section of the string oftubing
may be reduced by using tubing of the same
size through its entire 161101311 zmd then partly
filling the 10Wf31 section Wlth rods, tubing, or

,other equlvalent material; but it Would 110t

answer the purpose so ,Well but such an ar-
rangement would not change the nature of the

| nwentlou

-1 do not make any claim in thls application
to the peculiar construction of gas-trap shown
in Kig. 3, but reserve. the right to make a

separate application therefor.

The o1l will now 1necrease in height as

The gas-pressure in
rerefore soon overcome.

1t

This operation is re-

a valve
of great weight, its weightinereasing W1th the
and thus P l*event the

.

—

er altitude, SleSL%lltlally a8 SPect:

substantially as deseribed.

I claim—
1.- The combination,

pared with the uppeyr sections, a packer shut-

ting the passage outside of the tubing, and a
Smtable inlet below the oil and gas rock stb-

sLaJntnlly as described.
2. T'he combination of a string of tubing,

than the upper sections, a packer at the prop-

gas-trap -at or near the lower end of the S]Il‘ﬂlel

in an oil-well, of a
-string of tubing, the lowermost sections of 70 -
which are of less size or reduced capacity com-

1ed and a . -

.75 |

the lowermost sections of which are of less Slze |

tubmg and 1n or near the oil- produomg rock, -

3. An oil-well having a strmﬂ of tubm

the lowermost sections of which are of less mxe |

‘than the upper, and provided with an inlet at
or below the oil-rock, and a packer for form-

ing a joint between the walls of the well and
“the tubing, -

substantially as described.
4. The Gombination of two strings of tub-
ing of different sizes coupled to each other,

the smallest tubing being in the lower part of

the well, and pr ovided Wlth vertical check-

valve, b’ msule of the tubing, a small vertical
checL thlve ¢*, outside of the tubing, and a

suitable nﬂet 111 or below the o01l- 10(31{ and a

packer above the same, for the pulpOSOS SCL

forth.

- 5. A string of tubing for 011 - Wells eonslst

reduced in di ameter or capacity,and connected
to the upper portion by areducer, ¢’, and pro-

vided with a suitable inlet, Subs‘mntully as -

spectfied.

6. The combination of a string of tubing,
the lower portion of which is reduced in size,
a packer, a vertical check-valve, 0% and an
1nlet, b, subst“mtmlly as described.,

7. A tube, a, for oil-wells, provided with a
ring or holdmﬂ device, 0° 11ﬂ1dly secured to
1t n combination with the eyebolt or link ¢
c, and a pin, ¢, attached to the casing-head or
other equw&lent holding-down dewee for the
purposes of expanding the packer, substan-
tially as described.

8."The method herein described for tubing

and packing oil-wells, consisting in 10(111(3111-:?--

the bore of the tubing in the IOWGI‘ part of tha
well 1n substantially the proportions specified,
and forming a gas-chamber between the wall

and tubing by adjusting the altitude of the

packer in proportion to the depth of the well,

the capacity of the tubing, and the amount of

flow of o1l and gas, substantially as specified.

9. In an 011 Well the combination of a
pocket below the 0il- 1*0(3L the tubing having
an induction-opening below the oil-rock and
in'the pocket, a packer between the tubing
and the, wall of the well, and an enlarged gas-

chamber of the proportions specified, substan- -

tially as desceribed.
THOMAS T. CROWLIZY.
Witnesses: B |
J. M. CALDWELL,

H. SANGSTER.
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