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FLUII) OPERATED PUMP._ WITH TANDEM
| BOOSTER PUMPS |

Clarence J. Coberly, Los Angeles, Calif:, assignor,.
by mesne assignments, to Dresser- Equlpment_;
Company, Oleveland Ohie, a cerpora,tmn of

+0h10

Application August 30, 1948, Serial No. 46,776

14 Claims.
1 _ .

My invention. relates in general- to fluid-oper-
ated pumps for wells‘and, more. particularly, to a
fluid-operated pump: havmg an . auxiliary pump-
ing means associated therewith:for: boosting the
pressure of the well luid- delivered to the inlet of
the main fluid-operated pump.

It is common practice: In: the . oil mdustry to

use fluid-operated pumps: in- pumping oil from
wells, such a pump comprising; in- general, a
coupled motor and pump:combination set in the
well at the level from which oil is-to be pumped.
In such a pumping device, the motor comprises
a2 motor piston which is:actuated by admitting an
operating fluid, . such- as: clean crude. 0il, under
relatively high pressure alternately:into opposite
ends of a cylinder-in:which:the motor piston 1is
disposed so as to reciprocate the piston. The re-
ciprocatory motion: of the motor: piston is-com-
municated to a pump piston-in the pump -end of
thie combination so that the pump piston pumps
oil from the  well.. Ordinarily, fluid-operated
pumps which are: used -commercially-are of the
double-acting type, 1. e.;;they-operate to pump oil
from the well on both strokes of the:pump piston.

The fluid being pumped from a-well may. con-
tain, in addition to oil, various other:flitids such
a5 water and natural gas; the: natural gas: bemg

present in solution-orin susmnsmn in-the oi] in

varying. quantltles depending upon the conditions
obtaining in the well. Also, if the-well is. being
pumped beyond its capacity,.air may. be present

in the fluid being pumped. Since-such fluid-

operated pumps are normally of:the displacement
tvpe, considerable difficulty has been experienced
with. gas or air in the pump cylinder. If the
well
natural gas at the prevailing: pressure at:the
~depth at which the pump:is:set, a-large portion
of the gas may-be-released  during the :suction
stroke of the pump piston to-collect as-a pocket
in the pump cylinder:
wells the well fluid is-merely a:froth composed

ocil is saturated. or- super-saturated with

~ Also; of course, in many

(CL. 103-—5)
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largely of gas with a relatively:small volume of

01l. In either case, or if air is drawn into the
pump cylinder; a pocket:-of gas or:air in:the pump
cylinder results. When: such pockets form-in
the-pump cylinder;, the: pumping:;load:is: mate-
rially reduced until:such:time as:the-pump piston
coinpresses the gas.or air in the -pocket and
- strikes solid well fluid inthe eylinder.:

Such fluid-operated . pumps: are:ordinarily op-
erated at relatively great’ depths: and,: conse-
quently, a large volume:of- operating:fiuid under
high pressure -is-confined:in-the: supply: tubing
- between the pump in-the well .and the apparatis

1N
WY

2 -
on the surface which delivers the operating fluid
to-tha pump. Due to the compressibility of this
large.-volume ¢f eperatmg fluid, -and due to the
expansion of the supply tubing under the rela-
twely high pressure at which the operating fluid
is maintained, a large amount of energy is stored
in the system under nezmal operatlng conditions.
If, due to the presence of gas or air in the pump
e‘ylmdel the load on the pump p1st0n decreases

sudden increase in the rate of flow of operat-
mfr fluid to.the. pump oceurs, thereby acceleratmg
the motor and pump pistons. The speed at-
tained may be excessive and the pump may race
for a. portion of a stroke, or for a number of
strokes, which is normally detnmentel to various
componenss of the pump. Verlous expedients
for preventing demage to the pump meechihism
under such conditions heve been attempted For
example, flow regulators disposed in the supply
line for the operating fluid have been employed
to maintain the rate of delivery of operating fluid
to the motor section of the: pump below a value
Whmh might be hermful te the pumpmg equlp-
ment. While sach- ﬂew governors are- practlcal
under most econditions of" Operetlen they have
some disadvantages in that they mcrease the
cost of ‘the-pumping:- equipment and’ render the
equipment rather complicated.

In view of the foregeing cons1deret10ns 1t 1is
a primary ohject of the present invention te pro-
vide, in combination with a ‘conventional fluid-
operated pump, an auxiliary or booster pump
which is adapted to draw well fluid from the well
and to deliver it to the inlet of the fluid-oper-
ated pump at an increased pressure such that the-
major portion of the gas . or air in the well fluid
will not flash out to form a pocket in the pump
cylinder of the fluid-operated pump. I accom-
plish this by providing :a booster pump which
will maintain the pressure of the well fluig pass=-
ing into the pump cylinder of the: fliid-operated.

- pump at a value equal to or -above the prevailing

pressure in the well at the inlet of- the ﬂ!.lld-{)p-
erated pump.:

A further object of the mventwn is to provme
2 booster pump which will compress any free gas
or alr entrained in the well fluid to a substantial
extent before it is dehvered to the inlet of the

- fluid-operated pump..

-B5

1t will be apparent that the efﬁc1ency ef 2, 'con-
ventional fluid-operated: pump is: mversely pro-

portional to the volume of free gas or air in the
pump cylinder and by the provision of g booster
pump in combination with : the ﬂuld-Opereted
pump, the: efficiency of the latter is: 1ncreased to




e
)

3

a substantial extent, which is an important fea-
ture of the invention. Thus, if in a given in-
stallation 30% of the pump cylinder of the fluid-
operated pump is occupied by free gas or air at
atmospheric pressure, the efficiency of the pump,
i. e.,, the percentage of the volume of the pump
cylinder occupied by solid well fluid, will be only

2,628,562

Y |

4
taken along the broken lines T—1 and 8—8, re-
spectively, of Fig. 2;

Figs. 9, 10 and 11 are transverse sectional views
taken along the broken lines ¢—3, (0—{0 and
{1—11, respectively, of Fig.3;

Pig. 12 is a transverse sectional view taken
along the broken line 12—12 of Fig. 4,

70%. With the present invention, if the par- Fig. 13 is a transverse sectional view taken
ticular booster pump utilized is adapted to in- along the broken line 13—I13 of Fig. €
crease the pressure of the well fluid delivered to 1¢  Fig. 14 is a longitudinal sectional view similar
the inlet of the fluid-operated pump to 300 Ibs.  to Fig. 2 but showing the upper end of an alterna-
per square inch, for example, the free gas or air tive booster pump of the invention; and
which otherwise would occupy 30% of the volume Fig. 15 is a downward continuation of Fig. 14.
of the pump cylinder will be compressed to occupy Referring particularly to Fig. 1 of the drawings,
only approximately 1.4% of the volume of the 15 I show a well casing 20 having perforations 21,
pump cylinder, thereby increasing the efficiency the well casing being set in an oil well so that
of the fluid-operated pump to approximately the periorations are in registry with an oil pro-
08.6% under such conditions. ducing sand A. Extending downwardly into the
Another object of the present invention is to well casing 20 is a2 production tubing 22 which
provide such a booster pump combination in 20 is adapted to convey oil to the surface of the
which the booster pump is also fluid-operated. eround, and extending downwardly into the pro-
While it is contemplated that the booster pump duction tubing is a power tubing 23 having a main
may be operated by an independent source of or primary fluid-operated pump 24 connected to
fluid under high pressure, it is particularly ad- the lower end thereof. The fiuid-operated pump
vantageous to operate the booster pumyu from the 25 24 may be of any conventional type, such as that
same source of operating fluid as the main fluid- shown in my Patent No. 2,081,220, granted May
operated pump and, accordingly this is still an- 25, 1937, which is adapted to pump well fluid from
other object of the invention. the casing 20 upwardly through the production
A further object of the invention is to provide tubing 22 to the surface of the ground. Con-
in such a combination a booster pump of the <90 nected to the lower end of the primary fluid-
reciprocating type in which the operating fluid operated pump 24 is an auxﬂlary ﬂu1d-opera,ted
under pressure is delivered alternately to opposite pump 23. _
ends of a motor cylinder incorporated in the As diagrammatically shown in dotted lines in
booster pump to reciprocate one or more pump __ g 1, the primary fiuid-operated pump 24 in-
pistons incorporated therein. 35 cludes 2 motor_cyhnder 26 having a motor piston
Another object is to provide a combination of 21 therein and includes a pump cylinder 28 having
the foregoing character wherein the booster pump & Pump piston 29 therein. Connected to the
includes at least two pump pistons connected in upper end of the motor piston 21 is an upper -
tandem with the motor pistcn cf the booster tubular rod 30 which extends upwardly into com-
pump 40 munication at all times with the interior of the
' : ) 3. Connecting the motor piston
A further object is to provide a booster pump power tubing 2 . : :
having two or more pump pistons in tandem and :beﬁld ghg I;Fm%énﬁg%%:i :;’ tantgntf;'“nrleedtantg
having inlet and discharge means common to the ubuiar Io & ctea Lo Lhe r
cylinders in which the pump pistons of the booster of the pump piston is a lower tubular rod 32 which
pump operate. 45 e€xtends downwardly into a balance chamber 33.
A further object is to provide a booster pump Longitudinal passage means 34 extendmg through
the upper rod 30, the motor piston 27, the inter-
which is adapted to deliver a relatively large
volume of well fluid to the main fiuid ted mediate rod 31, the pump piston 29, and the lower
: O a1l id-operate rod 32 permits operating fluid under relatively
pug:?uat ax;illatlvle){y lf_v-v pressure-. _ , ~g high pressure, such as clean crude oil, to flow
| | another object is to provide a combination ™" ¢rom the power tubing 23 downwardly into the
wherein the booster pump is connected to the halance chamber 33
lower eqd of the mair_l fluid-operated pump &n_d As shown in Fig.-z, the lower end of the pro-
wherein' operating fluid for the -boost.er pump 15 duction tubing 22 is threaded into a collar 36, the
pump, the operating fluid for the main and  threaded into the lower end thereof. As shown
boosterlpumps bemg derived from the same source in Fig. 6, threaded onto the lower end of the mem-
of supply ber 371 is a cup-shaped closure element 38. As
The foregoing objects an_d advantages of the shown in Fig. %, th[f tubular member 37 is pro-
invention, together with_.vanm}s other obJect_s and ., vided with a plurality of main intake ports 39
advantages thereof which will become evident, arranged in upper, intermediate and lower
may be attained through t_he utilization of tl}e oroups, the ports 39 communieating with the in-
:;Zmailfgri;;ﬁg?g;mgﬁz 1\1’;’2101111%1‘6 1111_11;'01‘3»136%111 terior of the well casing 20 adjacent the perfora-
| : s and which are de- ions 21.
fi‘i'gi:r?ggg} detall hereinafter. Referring to the gx  As ihgwn in F;% i2 the ldegr eﬁcril of 1&111: guid-
: o operated pump S provided w a charge
- Fig. 1 is a utility view on a reduced scale show- valve assembly 40 disposed in an end plug 4
ing a pumping installation which embodies the which is threaded at 42 to the lower end of a
invention as installed in a well; . pump barrel 43 of the primary fluid-operated
Fig. 2 is a longitudinal sectional view of the 5y pump 24. The end plug 4( is provided with a

upper end of a preferred booster pump of the
invention;

Figs. 3, 4 5 and 6 are downward continuations
of Figs. 2, 3,‘4 and 5, respectively;
Pigs. 7 and 8 are transverse sectional views

plurality of circumferentially spaced, longitudi-
nal inlet ports 45 and a plurality of circumferen-
tially spaced, longitudinal discharge ports 48,
the discharge ports communicating through ra-

»5 dial ports 41 with an annular space 48 between




2,028,002

5]

the pump barrel 43 and the inner wall of. the

productmn tubing 22. The lower tubular rod 32
extends: downwardly through the end plug 4I
there be1ng suitable packmg 49 therebetween
The end plug 41 makes a sl1d1ng fit with the. 1nner
wall of the collar 36, a fluid seal therebetween
being provided by annular packing 50.

Threaded onfo the lower. end. of. ‘the. end. plug
41 is a downwardly extendmg tubular. member
52. which forms the. outer batrel of the aux-
1l1ary ﬂmd-operated pMp 25 As shown 111 Fig,
2, the lower end of- the end plug 4] is engaged
by a spacer ring 54 havmg a plurahty of notches

55. in the periphery. thereof’ Whlch reglster Wlthf

the’ 1nlet ports 48, respectlvely The. spacer. rmg_
54.also has prov1ded therein 4 plurahty of ports‘_

56 Wthh register, respectlvely, with' the lower
ends of the discharge orts 46 In engagement

with the lower. end of the spacer ring. 54 is.a rmg
element 57 havmg prowded therein, a. plurahty,;_

of lengrtudmal passages 58 whloh are oiroum-

......

reglster at the1r upper ends mth an annular

groove 59 1ehloh in, turn reglsters Wlth the_

Dorts 56.
Threaded on the ring. element, 51 is a down-

wardly-extendmg central tubular member. 6
thh is spaced from the tubular member 52

so as to provide. therebetween an. annular spbace

62, the upper end of whlch oommumoates W1th
the notches 55 of the’ spacer r1ng 54, Pressed
into the lower end of the ring. element 51, and
seated thereon i "a balance tube 63. whmh is
spaced from the oentral tubular member 61 so
2s to provide an annular space 64 therebetween
As will be noted, the lower. end of the, lower tu-
bular rod 32 extends downwardly 1nto the bal-
ance tube 63, the lower end of the balanoe tube
formmg the balanee chamber 33.

As shown in. Fig. 3, the lower. end. of the cen-

tral tubular member 6.1 is threaded onto. a valve

body 65 of the aumhary ﬂuld operated pump 25
the lower end. of the balanee tube. 63 seatmg on

the upper end. of  the. Valve body 'I’he valve.

body 69, and’ the valve mechamsm therem is

sunllar to that shown 'in my. Patent.No. 2, 311 157,

issued February 16 1943, to whlch reference is
hereby made. for_ a detalled desor1pt1on thereof

As. 8, matter of general explanatlon however
W1th1n the valve body 65 is a. tubular duTeren- :

tlal-area-type valve member. 67 which alternately
admits operating ﬂlud 1nto the upperx and. lower
ends of a motor oyllnder in_the booster pump 25
to reolprocate o, motor p1ston therem as will- be
described in more detail. heremafter The Valve
member 67 is 51m11ar to. the valve. member 60 of
the pump. dlsclosed in my aforesald Patent No
2, 311 157 and. operates in. a s1m11ar* manner so
| that Q further descrlptlon thereof hereln 1s. un-
necessary '

The upper end.of the valve. body, b9 is provided

w1th long1tud1na1 exhaust passages 1I the upper.
ends of Whmh oommumoate with. the annular
spaee 64 Formed 1n the valve body are motor..

1n1et and discharge. passages 12 WhICh commu-

moate at their. lower ends Wlth the upper end of

3, motor oylmder 13. Also formed in the valve

body 65 are motor inlet and; dlscharge passages
14 Wthh commumcate with the’ lowerend of
13. Supported in. the valve
a sleeve. element 16, whwh Journalsﬂ
an upper rod membe1 1. the lower end of: whlch '

the motol cylinder.
body 65 is ¢
as shown in Pig. 4, is. threaded into s‘ motor
p1ston 18 m the oyhnder 13, As shown in F1g. 2

the upper end of the upper rod member T ex-
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tends. mt__o the, balance chamben 33 thlS upper
rod member controlhng the operatlon of the

valve member 51 as desenbed in my aforesaid

_11 1s proulded Wlth a long1tud1nal passage 19

therethrough Whlch commumcates uuth & cen-—
tral bore. 80 extendmg through the motor p1ston
18 Threaded mto the lower end of the motor
p1ston 18 1s an 1ntermed1ate tubular rod 81 hav-
1ng a, longltudmal passage 84 therethrough the
lower end of. the 1ntermed1ate rod as. shown m
Fig, 5, bemg threaded 1nto an Upperf pump prs-
ton’ 32 The. upper. pun:m p1ston 82 has an ax1a1
bore. 83 therethrough which. commumcates at
its upper end, W1th the. longltudmal passage 84
formed in the 1ntermed1ate tubular rod and at
its lower. end with a long1tudma1 passage 85
formed’ 1n another. mtermedlate tubular. rod 86,
the latter bemg threaded mto the lower end. or
the upper. pump. plston 82 and, as shown in
Fig. 6, bemg threaded. mto ‘the upper end of .a.
lower, pump plston 81"" The lower. pbump plston
81 has a central bore 88. therethrough Whlch_
commumcates at 1ts lower end W1th the. quer

end of a long1tud1na1 passage 89. formed in. a

lower tubular rod. 90 Whlch is. threaded into the.
lower end, of the plston 37 and Whmh extends--
downwardly therefrom. "

As shown. in’ F1g 4, the lower end of the tu—
bular member 61 is. elosed by a tubular. plug. 92
which is. threaded ‘thereinto, paeklng 83 bemg
provided between the plug.92 and ‘the. interme-
diate tubular rod 81. Threadedly connected to
the lower. ends. of the tubular member 52 and. the

5 tubular plug 92 is a head member 94. havmg a,

plurahty of. radlal 1ntake ports 95 Wthh reSpec-
trvely oommumcate W1th long1tud1na1 intake bas-
sages 96 extendmg downwardly to the. lower end
of the head member The. ports 95 are located-
opposite the upper group of ports 39 in the tu-
bular member 3T, Also formed in the head mem-—_
ber 94 is a plurahty of long1tud1na1 _passages 91
the upper end. of Whlch commumcates mth the
annular space 62.

Engagmg the lower end of- the head member

- 94 is a valve seat member 93 havmg a plural-

ity of mtake ports a9 only one of- whmh is vis-
ible in Frg 4, commumcatmg uuth an_ annular
member 94 and havmg a plurahty of dlscharge
ports 101. "The. annular groove 100 2150 com-—
municates ‘with the lower ends of the. passages_
396, Carned on the upper. face of the valve seat
member 98-is a dlscharge Valve ring -103: Wthh is
nmmally held in 1ts closed- position by a com- |
press1on surmg 104;  As-will pe understood the
valve. ring 103 . normally oloses the drsohar o8
ports 101. Engaging the lower face of-the- valve
seat member 98 is an inlet- valve. ring. 185 a
compression. spring.. {07 resﬂiently retammg this
valve.ring.in. its. olosed pos1t1on 50- as to close |
the intake.porfs.99.

Also.engaging. the. lower.end.of: the.valve seat
member 98 is. dn. upper. pump cylmder {08 hav-

5 1ng a. liner 109 therein, the. pump cylinder. be-

ing: spaced - from. a tubular. .pump barrel: {10:s0
as. to provide an. annular space. 1{1- therebe-
tween. As shown.in. Fig. 5; the. upper. pbump. pis-
ton. 82 18 shdably dlsposed in. the, liner. 109: of
the upper pump oyhnder 108: The lower end
of - the pump. cylinder.. 108 lests on a. lower talve
seat member HS Whmh is 1dent1ca1 with. the.
valve seat member 98. but 1nverted in po.sutlen_
the ralve seat member ll3 restmg on the.up-
per end of a heat member ll4 Whlch is threaded;,
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into the lower end of the pump barrel (10.
As will be apparent, the valve seat member 98,
the upper pump cylinder 108 and the lower valve
seat member 113 are clamped between the head
members 94 and 114 by tightening the threaded
connections between the upper pump barrel {10
and the head members. The lower valve seat
member 113 is engaged by an inlet valve ring
{15 and a discharge valve ring 116 and is pro-
vided with intake ports 117 and discharge ports
{18, which form a lower inlet and discharge
valve means {20 for the upper pump cylinder
108. As will he understood, the valve seat meni-
ber 88 and its valve rings 103 and (06 form an
upper inlet and discharge valve means {19 for
the upper pump cylinder 108.

The head member (14 is provided with a plu-
rality of radial intake ports 122 which com-
municate with groups of upper and lower in-

take passages (23 and 124, the latter in turn :

communicatineg with annular grooves (25 and
{26, respectively. The intake ports (22 are lo-
cated opposite the intermediate groups of in-
take ports 39 in the tubular member 37. Dis-

posed below the head member {14 is an inlet -

and discharge valve means {27 which is identi-
cal with the inlet and discharge valve means (189,
the valve means 127 being disposed at the up-
per end of a pump cylinder 128 which is dis-

posed within and spaced from a lower pump -

harrel 129 so as to provide an annular space
(30 therebetween which communicates at its
upper end with a longitudinal passage (3!
formed in the head member 1i{4. The lower
pump cylinder 128 is provided with a liner 132
in which the lower pump piston 87 is slidably
disposed. At the lower end of the lower pump
cylinder 128 is provided an inlet and discharge
valve means {34 which is in all respects identi-
cal with the inlet and discharge valve means (260.
The lower end of the lower pump barrel 129 is
threaded onto a lower head member {35 which
is provided with a plurality of radial intake ports
{36 communicating with longitudinal intake
nassages 137. The intake ports 136 are located
opposite the lower group of intake ports 39 in
the tubular member 31. Threaded into the lower
end of the lower head member 3% is an inner
tubular member (38, the lower end of which is
closed by a threaded cap 133, and through
which extends the lower tubular rod 39, there
being suitable packing {40 disposed around the
rod. Also threaded onto the lower end of the
head member (35 is an outer tubular member
|41, the lower end of the latter being closed by
o cap 142 which is tapered to seat in a tapered
seat in the cup-shaped closure element 38 of
the tubular member 31. | |

It will be noted that a continuous annular
passage 143 extending from the upper end of
the tubular member 3T to the lower end there-
of is provided between this member and the tu-
bular member 52, the head member 94, the up-
per pump barrel {10, the head member 114, the
lower pump barrel 129, the head member {35,
the tubular member 4] and the cap 142. The
annular passage 143 thus interconnects the main
intake ports 39, the intake ports 85 in the head
member 84, the intake ports 122 in the head
member 14, and the intake ports 136 in the
head member 135 to form a common inlet
means for the pump cylinders 108 and 128. As
previously indicated, the intake ports 95 com-
municate with the upper end of the upper pump
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cylinder 108 through the inlet and discharge
valve means 119, the intake ports {22 respec-
tively communicate with the lower end of the
upper pump cylinder 108 and the upper end of
the lower pump cylinder 128 through the in-
let and discharge valve means 120 and (27, and
the intake ports 136 communicate with the lower
end of the lower pump cylinder 128 through the
inlet and discharge valve means 134.

In operation, an operating fluid, such as clean
crude oil, is conveyed under high pressure down-
wardly through the power tubing 23 from a suit-
able source (not shown) on the surface of the
eround. A portion of such operating fluid flows
downwardly through the longitudinal passage
means 34 into the balance chamber 33, as is con-
ventional in such a fluid-operated pump as
shown in my aforesaid patent No. 2,311,157.
The operating fluid then flows downwardly
through the balance tube 63 and into the aux-
iliary fiuid-operated pump 25. Subsequently,
with the valve member 67 in the position shown
in Fig. 3, the operating fluid flows downwardly
around the upper rod member 11 and outwardly
through suitable radial ports in the valve mem-
ber 61 into the motor inlet and discharge pas-
sages 12, through which it flows downwardly
into the upper end of the motor cylinder 13,
exerting a downward force on the motor positon
18 causing it to move downward, the motor pis-
ton being shown approaching the lower end of
its stroke in Fig. 4. Downward movement of
the motor piston 18 of course results in down-
walrd movement of the upper agnd lower pump
pistons 82 and 81.

When the upper pump piston 82 moves down-
wardly it creates a suction thereabove to draw
well fluid from the well casing 20 inwardly
through the ports 39 in the tubular member 31
and into the upper end of the upper pump cyl-
inder 108 through the radial intake ports 85 and
the longitudinal intake passages 96, the inlet
valve ring 106 of the inlet and discharge valve
means {19 moving off its seat against the ac-
tion of the compression spring (07T to permit the
well fluid to be drawn into the upper end of the
upper pump cylinder. Similarly, well fluid is
drawn into the upper end of the lower pump cyl-
inder 128 through the ports 39 in the tubular
member 371, the radial intake ports 122 and the
longitudinal intake passages 124, the inlet valve
ring of the inlet and discharge valve means 127
unseating to permit this to occur.

As the motor piston 18 and the pump pistons
82 and 871 of the booster pump 25 move down-
wardly in the foregoing manner, spent operating
fluid previously admitted into the lower end of
the motor cylinder 13 is discharged therefrom
through the longitudinal passages 74. Such
spent operating fluid flows from the passages 14
through suitable passages formed in the valve
body 65 and the valve member 67 into the motor
exhaust passages 11. From the latter, the spent
operating fluid flows through the annular space
64, the passages 98, the discharge ports 56 and
46 and through the radial discharge ports 47
into the annular space 48 between the produc-
tion tubing 22 and the barrel 43 of the main
fluid-operated pump 24. The spent operating
fluid subsequently mixes with the production fluid
pumped by the main fluid-operated pump 24,

As the spent operating fluild is discharged
from the lower end of the motor cylinder 13 of
the booster pump 25 into the production fubing
22 -in the foregoing manner during downward
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movement of the -Motor pxston 18 ‘arid the -pump
pistons 82 -and 87, well fluid prewously drawn
into the lower énds of the pump cyhnders 108
and :128:is discharged therefrom. The well fluid
in the lower end of the pump cylinder 128 is dis-
charged therefrom ‘into ‘the annular space 130
through the inlet angd dlscharge valve means 134,

the dlsoharge valve 1ing of the ‘inlet and "dis-

eharge valve means 134 unseating to permit this
to-oceur.
er end of the pump cylinder 128 flows upwardly
through the annular space 130 into the longi-
tudinal passages 131 and thence into an :annu-
lax: space 144 (Pig. 5) adJacent the inlet and dis-
charge valve means 120 for the lower end of the
upper pump cylinder 108. The well -fluid in the
lower end of the upper pump cylinder is dis-
charged into the annular space 144 through the
inlet and discharge valve means 120, the -dis-
charge valvering 116 of the latter unseatmg auto-
matrcally to permlt such discharge from the- lower
end of the upper pump cylinder. Thus, the well
fluid drscharged from the lower ends ‘of the up-
per and lower pump cyllnders 108 and 128 finds
ity Way into the annular space I44 From the
latter the Well fluid dlscharged from the lower
ends of the upper and lower pump cyhnders 108
and 128 flows upwardly through the annular
space 141, the longitudinal passages 97, and an-
nular space 62, the notches 55 in the spacer ring
54, and through the inlet norts 45 into the main
ﬂu1d operated pump 24.

As the ‘motor p1ston 18 and the pump p1stons
32 and 87 reach the lower ends of their respec-
tive strokes, the valve member 61 moves to a
position ‘such that it admits operating fluid to
the lower end of the motor cylmder 13 so that
the operating fluid exerts an upward force on the
motor piston 18, thereby causing the motor pis-
ton and the pump pistons 82 and 87 to move up-
Wardly As the motor piston 78 and the pump
pistons 82 and 81 move upwardly, the spent op-
eratlng fluid in the upper end of the motor cyl-

inder 713 and the well fluid prevmusly drawn into

the upper ends of the pump cylinders 108 and
128 are discharged therefrom in a manner s1m1-—
lar to that hereinbefore described, the spent op-
eratmg fluid from the upper end of the motor cyl-
inder eventually be1ng d1scharged into the annu-
lar space 48 between the productlon tubing 22

and the barrel 43 of the main ﬂuld-operated'

pump 24, and the well fluid from the upper ends

of the pump cylinders eventually being. dis-

charged 1nto the inlet ports of the main fluid-
operated pump.

Thus the auxﬂlary or booster pump .25 dehv-
erated pump 24 at an elevated pressure to m1n1-
mize the format1on of gas pockets in the pump
cylmder 28 of the main fluid- -operated pump,
whereby to increase the efﬁmency of the main
fluid-operated pump and to minimize the possi-
b111ty of damage to the components thereof which
may result from the formatmn of gas pockets in
the pump cylinder 28 as previously discussed.
The booster pump 25 preferably dehvers a rela-
tlvely large volume of well ﬂLlld to the main ﬂuld-
operated pump 24 at a relatwely low pressure,
the total effectwe cr oss-—sectmna] area of the
booster pump plston 82 andg 81 bemg substantrally

larger than the eﬁectwe cross-sectional area of

the booster motor plston 18 10 accomplish this
In practice, this ratio of pump piston aréa to en-

gine piston area may be 5:1 to 8:1, for example.
Thus,; the major portion of the work necessary to

The well fluid dischargeéd’from thelow-
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pump the well fluid to the: ‘surface is- perfonned
by the main fluid- operated pump 24, the ‘func-
tion of the booster pum;:a 25 bemg to dehver ‘the
well ‘fluid to the ‘main pump at a pressure suﬂi-
cient only to prevent excessive formatlon of gas
pockeéts ‘in the pump cylinder 28 of the main
pump.

It will benoted that as best shown 1n F‘1g 2 of
the drawmgs the productlon fluid dlscharged by
thé main ﬂuld—operated pump 24 flows past ‘the
dlseharge valve assembly ‘40 into the d1scharge
ports '46. From the latter the productlon ﬂuid
pumped by the main pump flows through the
radial mscharge ports 47 ‘into the annular space

- 48 PBstiveen the productwn tubing 22 and the

~ barrel 43 of the ‘main fluid- -operated pump, the

production fitid subsequently ﬂowmg upwardly
through the productlon tublng to the. ‘surface.
As Will be apparent the'spent operatmg fluid d1s-—

;cnarged fiom the- motor cyllnder 13 of the booste1 |
pump 25 ‘mMixes with the prodiction Fluid. dls- |

- charged by the main pump 24 in the long1tud1na1 |
- discharge ‘ports 48 ard the radial dis¢harge ports

47 ‘and ‘the 1esult1nﬂ‘ mlxture subsequently Fflows
; _upwardly thr ough the productmn tubrng 22.
Thus, it will be apparent that in the embddiment

thus far-described, the spent operatmﬂ* ﬂu1d from

- the booster motor eylmde1 13 is mixed W1th the

45
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fluid bemg pumpéd after the latter has been dis-
charged by the main fluid- operated pump 24,
- Inthe embodrment illustratedin Figs. 14 and 15

of the drawings, on the othér hand, the Spent

oper ating ﬂuld from the motor cyhnder of the
hooster pump is rmxed Wlth the fluid dehvered to
the inlet of the main pump §6 that both the spent
operating fluid from the motor cyhnder of the
booster pump and thé well flurd dehvered to the
main pump by the booster pump are. pumped by
the main pump. Theée embodiment 1llustrated in

Y Pigs, 14 and 15 6f the drawings will now be con-

sidered in detail. |

The embod1ment now under cons1derat1ng dif-
fers from that deseribed prevlously prmclpally in
the rearrangement of certain of the passages in
the upper end of the booster pump and in the
elimination of cértain of the parts in the upper
end of the booster pump For convenience, the
componénts of the embodunent of Figs, 14 ang
15 will be identified by addmg the sufhx “a” to
the numerals used to6 identify correspondmg com-
ponents of the embod1ment of Flgs 1 to 13.
Thus, 25 shown in Flg 14 of the drawmgs the
lower end of the production tubing 22 is threaded
into a collar 36a of a booster pump 25o this col-
lar havmg , dependmg tubulal member- 3Ta
threaded into the lower end thereof The dis-
charge valve assembly 40 at the lower end of the
fluid-opérated ; pump 24 is dlSpDSEd in an end pluﬂ*
41c which is thréaded at 42a to the lower énd of
the pump barrel 43 of the primary ﬂmd-—operated

- pump 24. Thé end plug 4§ la 1s provided mth a plu-

eo

0.

rality of e:!.rcumferentrallrgar Spaced longitudmal B

inlet ports 45¢ and a plurahty of mrcumferentlal-

-1y spaced, longitudinal discharge ports 46 the

latter communlcatlng through radlal dlscharge |
ports 41¢ with the annular space 48 between the
pump barrel 43 and the production tubing 22, 1In
this embodirment; the longitudmal dlscharge ports
46¢ terminite at the ports 47a and do not- ex-
tend therebelow. 'The lower tubular rod 32 er the

~ main fluid-operated pump 24 extends downward-
1y through the end plug #a, smtabl‘ ﬁa&kings 49o'
. being provided bétween the rod 32 anhd the end

plug 4la. The end plug 4Io makes a sliding fit

with the inner wall of the collar 36a; a fluid seal
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therebetween heing provided by an annular seal-
ing ring 80a. -

Threaded onto the lower end of the end plug
dla is a downwardly extending tubular member
52a which forms the outer barrel of the auxiliary
fluid-operated pump 25a. Also threaded onto the
lower end of the end plug 41a is a downwardly ex-
tending tubular member 6ia¢ which corresponds
to the tubular member 61 of the embodiment
hereinbefore described. It will be noted that the
spacer ring 54 and the balance tube 63 of the
previously described embodiment are eliminated
in the embodiment now under consideration, the
tubular member 61a serving as a balance tube in
the present instance. Provided between the tu-
bular member 61a and the tubular member 52qa is
an annular space 62a which corresponds to the
annular space 62 in the previous embodiment. It
will be noted that the annular space 62a com-
municates with the longitudinal inlet ports 4%a
of the main pump 24, as in the previous embodi-
ment. |

'As shown in Fig. 15, a valve body 65a is thread-
ed into the lower end of the central tubular mem-
ber 6ia and is provided with a tubular, differ-
ential-area-type valve member 61a which cor-
responds to the valve member 61. With one ex-
ception, the valve body 65a and the valve member
6Ta and all parts of the booster pump 25a there-
below are identical with the corresponding parts
of the booster pump 25 so that a detailed descrip-
tion thereof is unnecessary, the execption men-
tioned being that the valve body 63%a is provided
with exhaust passages Tla, only one of which is
shown, which communicate with the annular
space b62a.

As in the case with the annular space 62 in the
booster pump 25, the annular space 62a receives
the well fluid discharged from the pump cylinders
of the booster pump 25a, such well fluid flowing
upwardly through the annular space 62a into the
longitudinal inlet ports 45a leading into the main
fluid-operated pump 24. Thus, since the exhaust
nassages Tla for spent fluid from the motor cylin-
der of the booster pump 25¢ communicate with
the annular space 62a, it will be apparent that
the spent operating fluid is mixed with the well
fluid discharged by the booster pump 25a before
such well fluid is delivered to main fiuid-operated
pump 24, rather than being mixed with the fluid
discharged by the main pump as in the case of
the previously described embodiment. The mix-
ture of spent operating fluid from the motor
cvlinder of the booster pump 2%z and the well
fluild pumped by the booster pump is discharged
through the discharge valve assembly 40 by the
fluid-operated pump 24 as in the previous em-
bodiment. From the discharge valve assembly
40, the fluid discharged by the main pump flows
through the longitudinal discharge ports 46a and
the radial discharge ports 4T1a into the production
tubing 22 and thence to the surface.

‘Although I have disclosed two exemplary em-
bodiments of my invention herein for conven-
ience in disclosing same, it will be understood
that the invention is not necessarily limited to
such embodiments since various changes, modi-
fications and substitutions may be incorporated
therein without necessarily departing from the
spirit of the invention. |

I claim as my invention:

1. In a fluid-operated pumping device, the com-

bination of: a primary fluid-operated pump of
the reciprocating type adapted to be disposed in
a well to pump well fluid to the surface of the
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ground, including an inlet port; auxiliary pump-.
ing means secured relative to sald pump and in-~
cluding an intake port adapted to communicate
with the well fluid in the well, and having a dis--
charge port, said auxiliary pumping means in-
cluding an auxiliary fluid-operated pump of the
reciprocating type; means providing a closed,
pressure~-maintaining passage communicating
only with said inlet and discharge ports so as to
maintain the fluid pressure in said inlet port sub-
stantially equal to that in said discharge port;
and means for actuating sald auxiliary fluid-
operated pump so as to pump well fluid from the
well into said inlet port at a fluid pressure higher
than that in said intake port.

2. In a fluid-operated pumping device, the
combination of: a primary fluid-operated rpump
of the reciprocating type adapted to be disposec
in o well to pump well fluid to the surface of the
sround, including an inlet port; auxiliary pump-
ine means secured relative to the lower end of
said pump and extending therebelow and includ-
ing an intake port adapted to communicate with
the well fluid in the well, and having a discharge
port, said auxiliary pumping means including an
auxiliary fluid-operated pump of the reciprocat-
ine type: means providing a closed, pressure-
maintaining passages communicating only with
said inlet and discharge ports so as to maintain
the fluid pressure in said inlet port substantially
egual to that in said discharge port; and means
for actuating said auxiliary fluid-operated pump
so as to pump well fluid from the well into sald
inlet port at a fluid pressure higher than that in
said intake port. - |

3. In a fluid-operated pumping device, the
combination of: a primary fluid-operated pump
of the reciprocating type adapted to be disposed
in 2 well to pump well fluid to the surface of the
ground, including an inlet port; auxiliary pump-
ing means secured relative to said pump and ax-
ially aligned therewith and including an intake
nort adapted to communicate with the well fluid
in the well, and having a discharge port, said
auxiliary pumpinz means including an auxihary
fluid-operated pump of the reciprocating tvpe;
means providing a closed, pressure-maintaining
passage communicating only with said inlet ant
discharge ports so as to maintain the fiuid pres-
sure in said inlet port substantially equzl to that
in said discharge port; and means for actuating
said auxiliary fluid-operated pump so as to pump
well fluid from the well into said inlet port av &
fluid pressure higher than that 1n caid intake
port. |
4. In a fluid-operated pumping device, the
combination of: a primary fluid-operated punp
of the reciprocating type adapted to be disposcd
in a well to pump well fluid to the suriace of the
oround, including an inlet port; auxiliary pumb-
ing means secured relative to sald pump and in-
cluding an intake port adapted to comimunicate
with the well fuid in the well, and having a dis-
charge porh, said auxiliary pumping means in~
cluding an auxiliary fluid-cperated pump of {hie
reciprocating type; means providing 2 closed,
pressure maintaining passage communicating
oniy with said inlet and discharge poris £0 25 to
maintain the fluid pressure in said inlet port
substantially equal to that in said discharge port:
and means common to both of said fluid-operated
numps for supplying operating fluid thereto to
actuate the same, sald auxiliary fluid-operated
pump being adapted to be actuated so as to pump
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well-fluid from :the-well.into said inlet port:ata

fuid ‘pressuce ‘higher than -that.in said .intake .

port, and said primary -fuid-gperated pump be-
ing adapted to be actuated so as to pump said
well fluid from its inlet port to the surface of the
ground. | |

5. In a fluid-operated pumping device, the
compination of:a primary fluid-operated pump
adapted to be disposed in g well to pump well
fluid to the surface of -the ground, including an
inlet port: auxiliary pumping means secured rel-

ative to said pump and including an intake port
adapted to communicate with the well fluid in
the well, and having g discharge port, said aquxil-
isry pumping means including an auxiliary fluid-
cperated pump of the reciprocating type having
motor piston means and a pair of pump cylinders
cach provided with a pump piston, sng having
P’!.EELES for connecting-said motor piston means to

said pump pistons, said pump pistons being con-

_:=:"= ccted in tandem, said auxiliary fiuid-operated

oumpn inecluding annular intake passage means
mmmumcaﬁng with said intake port and com-
mon {o and communicating with -said pumnp cyl-
inders for econveying well fluid from said intaks
port to said pump cylinders, and said auxiliary
_h;.uid -gnerated pump including discharge pas-
e means common to-and communicating with

:sald cump cylinders and communicating with

said.discharge port for conveying fluid dischairged

frora said pump cylinders to said discharge port;
means
passgee communicating only with said inlet and
discharge ports 50 as to maintain the fiuid pres-
sure in said inlet port substantially equal to that
in said discharge port: and means for actuating
caid auxiliary fivid-operated pumyp so as to pumn
well fluid from the well into said inlet rort at 2
fiiiid pressure higher than that 111 sald intake
»Oort.

3. In g fiuid-opecrated pumping device, tne
combination of: a primary fuid-operated pump
adapted to e disposed in a weil to pump weil

md to the surface of tiie ground, including an

nlel pord; auxiliary pumping means secured rel-
.;;:,tlw*e to fsmd pump and including an intake port
adapied 0o communicate with the well fluid in
the well, and having
iary pumping means including an auxiliary fluid-
cperated pump of the reciprocating tvpe having
motor piston means and havinz pump riston
means connected to and of larger diameter than
said motor piston means go as to punp a large
voiume ¢f well fiuid gt a low fiwid prassurs; means
oroviding a clossd, pressure-mginsgining pas-
sage communicating only with said inlet and dis-
charge ports s0 as o mainigin the fluld pres-
sura in said inlet port substantially egual to that
inn said discharge pori; and means for actuating
said auxiliary fluid-operated pump so0 as to puinp
well fluid from the well into said inlet port at a
fluid pressure higher than that in said intake port.

7. In a fluid-operated pumping device, the

combination of: a primary fluid-operated pump
aaapued to be disposed in a well to pump well
fiuid to the surface of the ground, said primary
{ivid-operated pump having g central axis and
incluging an inlet port; auxiliary pumping means
secured relative to said primary fluid-operated
pump and including an intake vort adapted to
communicate with the well fluid in the well, and
having a discharge port, said auxziliary pumping
means including an suxiliary fivid-operated pump
of the reciprocating type: means providing a
closed, pressure-maintaining passage communi-

providing a closed, pressure-maintaining

a discharge port, said auxil-.
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cating only with said inlet-and.discharge.ports-so
as:to maintain the fluid. pressure in said inlet port
substantially-equal to that in said discharge port;

and passage means extending along said central
axis -of “said primary fluid-operated pump for
conducting operating -fluid under relatively high
pressure -through said primary fluid- operated
pump to said auxiliary fluid-operated pump to
actuate the latter so .as to pump well fluid from
the ‘well .into ‘said inlet port at a fluid pressure
higherthan that in-said intake port.

8. In a fluid-operated pumping -device, the
combination of: ‘a primary fluid-operated pump
of the reciprocating type adapted to be disposed
ina well to pumb well fluid to the surface of the
eround, including an inlet port; auxiliary pump-
ing means secured relative to said pump and in-
cluding an .intake port adapted to communicate
with the well fluid in the well, and having 2 dis-
charge port, said auxiliary pumping means in-
cluding an auxiliary fluid-operated pump of the -
reciprocating type adapted to be actuated by an
operating fluid supplied thereto; means provid-
ing a closed, pressure-maintaining passage com-
municating only with said inlet and discharge
ports so as to maintain the fluid pressure in said
inlet port substantially egual to that in said dis-
charge port; and means for conducting said op-
erating fluid to said auxiliary fluid-operated
pump to actuate it €0 as to pump well fluid from
the well into said inlet port at a fluid pressure
higher than that in said intake port, spent op-
erating fluid from said auxilary fluid-operated
pump being discharged into said well fluid being
pumped thereby. | N

9. In a fluid-operated pumping device, the
combination of: a primary fluid-operated pump
of the reciprocating type adapted to be disposed
in a well to pump well fluid to the surface of the
ground, including an inlet port; guxiliary pump=-
ing means secured relative to said pump and in-
cluding an inftake port adapted to communicate
with the well fluid in the well, and having a dis-
charge port, said auxiliary pumping means in-
cluding an auxiliary fluid-operated pump of the
reciprocating type adapted to be actuated by an
operating fluid supplied therefo: means provid-
ing a closed, pressure-maintaining passage com-
municating only with said inlet and discharge
ports so as to mainhtain the fiuid pressure in said
inlet port substantially equal to that in said dis-
charge port; and means {or conducting said op-
erating fluid to said auxiliary fluid-operated
pump to actuate it so as to pump well fluid from
the well into said inlet port at & fluid pressure
higher than that in said intake port, spent op-
erating fluid from said auxiliary fluid-operated
pump being discharged in the well fluid dis-
charged from said primary fluid-operated pump.

10. In a fluid-operated pumping device, the
combination of: a primary fluid-operated pump
adapted to be disposed in a well to pump weli

fiuid to the surface of the ground, including an

inlet port; auxiliary pumping means secured rel-
ative to said pump and including an intake port
adapied to communicate with the well fluid in
the well, and having a discharge port, said aux-
iliarv pumping means including an auxiliary
fluid-operated pump of the reciprocating type
conneerted to one end of said primary fluid-oper-
ated vump and provided with a mofor cylinder
with a fnotor piston therein, provided with a plu-
rality of axially saligned pump cylinders each
having a pump piston therein, and provided with

means for operatively connecting said pump pis-
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tons to said motor piston, said auxiliary fluid-
operated pump including annular intake pas-
sage means communicating with said intake port
and common to and communicating with said
pump cylinders for conveying well fluid from
said intake port to said pump cylinders, and
caid auxiliary fluid-operated pump including dis-
charge passage means common to and communi.
cating with said pump cylinders and communi-
cating with said discharge port for conveying
fluid discharged from said pump cylinders to said
disecharge port: means providing a closed, pres-
sure-maintaining passage communicating only
with said inlet and discharge ports so as to main-
tain the fluid pressure in said inlet port substan-
tially equal to that in said discharge port; and
means for conveying operating fluid from said
end of said primary fluid-operated pump to said
auxiliary fluid-operated pump to actuate the lat-
ter so as to pump well fluid from the well into
said inlet port at a fluid pressure higher than
that in said intake port. |

11. In a fluid-operated pumping device, the
combination of: a primary fluid-operated pump
adapted to be disposed in a well to pump well
fluid to the surface of the ground, said primary
fluid-operated pump including motor and pump
pistons and rod means connected to sa‘d motor
and pump pistons, and said primary fluid-oper-
ated pump including an inlet port, said motor
and pump pistons and said rod means having
axial passage means therethrough adapted to
communicate at its upper end with a source of
operating fluild under pressure; and auxiliary
pumping means secured relative to the lower end
of said primary fluid-operated pump and extend-
ing therebelow and including an intake port
adapted to communicate with the well fluid in
the well and a discharge port, said auxiliary
pumping means including means providing &
closed, pressure-maintaining passage communi-
cating only with said inlet and discharge ports
so as to maintain the fluid pressure in said inlet
port substantially equal to that in said discharge
port, and including an auxiliary fluid-operated
pump of the reciprocating type which communi-
cates with the lower end of said axia] passage
means to receive operating fluid under pressure
for actuating said auxiliary fluid-operated pump
so as to pump well fluid from the well info said
inlet port at a fluid pressure higher than that in
said intake port. |

12. In a fluid-operated pumping device, the
combination of: a primary fluid-operated pump
adapted to be disposed in a well to pump well
fiuid to the surface of the ground, said primary
luid-operated pump having motor and pump
pistons and having rod means connected to said
imotor and pump pistons, said primary fluid-op-
erated pump being adapted to be connected at

its upper end to a source of operating fluid under

pressure and having a balance chamber at its
lower end, said rod means being adapted to ex-
tend at its upper end into said source of oper-
ating fluid under pressure and extending at its
Jlower end into said bhalance chamber, said motor
and pump pistons and said rod means having ax-
ial passage means therethrough adapted to com-
municate at its upper end with said source of
operating fluid under pressure and communi-
cating at its lower end with said balance cham-
ber, said primary fluid-operated pump further
including an inlet port; and auxiliary pumping
means secured relative to the lower end of said
primary fluid-operated pump and extending
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therebelow and including an intake port adapted
to communicate with the well fluid in the well
and a discharge port, sald auXiliary pumping
means including means providing a closed, pres-
sure-maintaining passage communicating only
with said inlet and discharge ports so as to main-
tain the fluid pressure in said inlet port sub-
stantially equal to that in said discharge port,
and including an auxiliary fluid-operated pump
of the reciprocating type which communicates
with said balance chamber to receive operating
fluid under pressure from said balance cham-
ber to actuate said auxiliary fluid-operated pump
so as to pump well fluid from the well into said
Inlet port at a fluid pressure higher than that
in said intake port.

13. A fluid-operated pumping device as defined
m claim 12 wherein said auxiliary fluid-operated
pump is provided with a balance chamber at its
lower end, said auxiliary fluid-operated pump in-
cluding motor piston means and pump piston

means and rod means connecting said motor and

pump piston means, said rod means of said aux-
iliary fluid-operated pump extending at its up-
per end into said balance chamber of said pri-
mary fluid-operated pump and extending at its
lower end into said balance chamber of said
auxiliary fluid-operated pump, said motor and
pump piston means and said rod means of said
auxiliary fluid-operated pump having axial pas-
cage means therethrough providing fluid com-
munication with said balance chamber of said
primary fluid-operated pump and said balance
chamber of said auxiliary fluid-operated pump.
14. In a fluid-cperated pumping device, the
ccmbination of: a primary fluid-operated pump
gf the reciprocating type adapted to be disposed
Im 2 well to pump well fluid to the surface of the
ground, including an inlet port: auxiliary pump-

0 Ing means secured relative to said pump and in-

cluding an intake port adapted to communicate
with the well fluid in the well, and having a dis-
charge port, said auxiliary pumpine means in-
cluding an auxiliary fluid-operated pump of the
reciprocating type adapted to be actuated by an
operating fluid supplied thereto; means provid-
Ing a closed, pressure-maintaining passage com-
municating only with said inlet and discharge
ports so as to maintain the fluid pressure in said
inlet port substantially equal to that in sald dis-
charge port; and means for conducting said op-
erating fluid to said auxiliary fAuid-operated
nump to actuate it so as to pump well finid from
the well into said inlet port at a fluid pressure
higher than that in said intake port, spent op-
erating fluid from said auxiliary fluid-operated
pump being discharged into said well fluid he-
Ing pumped by one of said pUNnNS,

CLARENCE J. COBERLY.
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