
Deep Well Pumping 

Problems 

deeper than 10,000 feet? The accept- 
able life of a rod depends not only on 
the maximum stress but also on the 
range of stress. We therefore permit 
an increase in the allowable stress, 
but reduce the stress range by using a 
smaller pump. Desired production is 
obtained by increasing the stroke 
length. Forgetting the design for the 
present, let us assume that we have 
a well eauioped with a sucker rod 
pump and discuss some of the prob- 
lems that may occur. The hydraulic 
long stroke pumping unit and the h,v- 
draulic pumping system will be drs- 
cused later. 
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The problems of deep well pumping 
are many and varied. The troubles en- 
countered not only vary from area to 
area, but from field to field in a given 
area, and even from well to well in a 
given field. The first problem of 
pumping a deep well is to design an 
installation that will reduce either 
the desired amount o P flurd, or the 
maximum amount of fluid, as the case 
might be. For a given size pump, the 
rod stress or hydraulic pressure in- 
creases with pump depth and the cost 
of lifting a barrel of fluid increases 
accordingly. We normally think of op- 
erating a sucker rod at a maxrmum 
stress of 30,000 pounds per square 
inch. The well is frequently equip- 
ped with 5 l/2-inch tubing and l-inch 
rods. An 8200-foot string of 3/4-inch 
rods suspended in air will stress the 
top rod to 30,000 pounds per square 
inch. For the same stress, tapered 
strings of 7/8- and 3/4-inch, and 1. 
7/8 and 3/4-inch can be about 10,000 
and 11,000 feet in length, respectively. 
How is it then possible to pump wells 

The problem of pumping a deep 
well with a sucker rod pump may be 
one of corrosion, formation of scale. 
paraffin, pump trouble, a crooked 
hole, insufficient production, or rod 
breaks. Rod failures occur in the body, 
the pin, and the coupling and for a 
different reason. Whatever the trou- 
ble, it must be corrected, and in such 
a way that the performance will be 
the best possible and the operating 
cost a minimum. 

Several years ago the only method 
of combating corrosion in pumping 
wells was by the use of non-corrosive 
alloys. Sucker rods which are corros- 
ion resisting are those which contain 
nickel and molybdenum, and some- 
times chromium and copper. Monel 

resisted corrosion better than any oth- 
er alloy but the cost prohibited its 
use except in cases of extreme cor- 
rosion. Monel sucker rods cost about 
5 times as much as other rods. Some 
ten years ago, plastic coated rods and 
tubing were partiallv successful in 
combating corrosion. Today, the most 
economical method of allevlatinq cor- 
rosion is the use of inhibitors. Limited 
tests show that carbon maganese rods 
give better service in corrosive wells 
in which an inhibitor is used than 
nickel-molybdenum rods without the 
use of an inhibitor. Very little dif- 
ference was noted in the service of 
carbon-manganese and nickel-molvb- 
denum rods in inhibited wells. The 
cost of carbon-manganese rods is 13 
to 20 cents per foot cheaper than the 
same sige of nickel molybdenum rod. 
The use of inhibitors will in many 
cases, permit the use of smaller rods, 
or a deeper pump setting with the 
same size rods. because the allowable 
stress can be increased. 

Scale deposition can cause the pump 
to stick and create an extensive strip- 
ping job. The use of chemicals has 
been very beneficial in preventing the 
formation of scale. 

There are several methods of re- 
moving oaraffin. Electric heaters can 
be installed in the flow line. storage 
tanks. or in the tubing string. Solu 
ble plugs or “rabbits” can be pumped 
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through flow lines and in some cases 
down the tubing. Hollow sucker rods 
with a cross over check valve below 
the paraffin zone can be used for cir- 
culating hot oil through the rods and 
back through the tubing with the pro- 
duced fluid. Solvents and inhibitors 
are very useful in certain areas. Port- 
able steamers are used quite exten- 
sivelv. Mechanical scraDers attached 
to th> sucker rods are used frequently 
but they may be a handicap to pump- 
ing a deep well because of the addi- 
tional load imposed upon the rod 
string. 

Pump troubles in a deep well are 
not too different from those in shal- 
low wells. Some of the troubles en- 
countered in pumping shallow wells 
are more severe than those encounter- 
ed in pumping deep wells, but we do 
not recognize them as problems be- 
cause the cost of a pump pulling job 
is relatively low. Servicing a deep well 
can cost as much as $1,000, so it be- 
comes extremely important to correct 
the trouble and reduce the number of 
pulling jobs. The use of a dynamo- 
meter can be very helpful in solving 
pumping problems. 

Several articles have been publish- 
ed on the selection and application of 
sucker rod pumps. Briefly, the pump 
for a deep well should have a metal 
plunger and should, if possible, be 
the rod type in order to keep the pull- 
ing cost at a minimum. If sand is not 
present, a pump with a bottom hold- 
down should be used. Since the seal 
between the pump and tubing is at 
the bottom of the pump, both the out- 
side of the barrel and the inside of 
the barrel above the plunger is sub- 
jected to the same pressure and there 
is no tendencv for the barrel to ex- 
pand. The se&ion of the barrel be- 
low the plunger is exposed only to the 
comparatively low bottom hole pres- 
sure of the well and a differential 
pressure is created across that por- 
tion of the barrel. This tends to re- 
duce the clearance between the plung- 
er and barrel and increase the effici- 
ency of the DumD. 

If sand is- present in a pumping 
well, there is less chance of a pump 
becoming stuck when the type with 
a top hold-down is used because the 
sand cannot settle in the space be- 
tween the pump and tubing. The 
pump setting is limited because of 
the differential pressure across th? 
barrel which may expand or even 
break the barrel. A pump with a bot- 
tom hold-down and a top seal can be 
used in a deep well making sand. The 
top seal permits the passage of fluid 
which eliminates the undersirable 
pressure across the barrel and traps 
the sand, thus Dreventintr it from set- 
tling between the pumfand tubing. 
Sand can, however, settle on toD of 
the plunger when the pump is stop- 
ped. 

The traveling: barrel tvDe of DumD 
can be used in-sandy w&is and *at ail 
depths. The movement of the barrel 
teiids to keep the sand washed out of 
the space between the DumD and tub- 
ing and the traveling calve acts as a 
check to keep the sand from settling 
on top of the plunger. 

_. 

If a scaling problem occurs, a pump 
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with extension nipples on each end 
should be used, and the plunger so 
spaced that it passes through the bar- 
rel on each stroke. 

A pump for a gaseous well should 
have the highest possible compres- 
sion ratio. This can be done by select- 
ing the proper type of pump and by 
using the smallest bore pump and the 
longest stroke length that will obtain 
the desired displacement. The use of 
a tubing anchor will increase the com- 
pression ratio because the effective 
plunger travel is increased. The an- 
chor should have the maximum pas- 
sage area for the gas to go through. 
The pump should also permit very 
close valve spacing and be of the sta- 
tionary barrel type so the maximum 
size standing valve can be installed. 
It is good Dractice to use a gas anchor 
assu&ng,^of course, that (here is no 
packer in the well and that the cas- 
ing pressure is held to a minimum. 
The type most used is one in which 
the perforated nipple is just below 
the pump seating shoe, a mud anchor 
below the nipple, and a gas anchor 
pipe that extends from the pump to 
a point several feet below the perfo- 
rations. 

A special type pump that will break 
a gas lock has recently become avail- 
able. The pump has three valves and 
two chambers so arranged that com- 
pression occurs on both-the up-stroke 
and down-stroke. The valve arrange- 
ment assures that whatever fluid is in 
the pump will be displaced. 

If a particular type of trouble de- 
velops, a careful analysis must be 
made. When the solution is not read- 
ily apparent, then one must experi- 
ment. 

For example. trouble with stainless 
steel pump valves in a particular field 
caused 50 percent of the pulling jobs. 
The operator began exhaustive tests 
of pump balls and seats made of var- 
ious metals. The study resulted in 
doubling the life of pump valves and 
in this case reduced the pulling jobs 
25 percent. 

The troubles caused by crooked 
holes are additional rod stress, wear 
of the tubing and casing, and rod 
coupling wear. The rod stress can b? 
reduced by the use of a rod weight 
compensator which will be discussed 
in more detail later. There is no way 
to eliminate the wear on the inside of 
the tubing or rod couDlings but the 
wear can be distributed evenly bv ro- 
tating both the rods and the tubing. 
Wear on the casing and the outside of 
the tubing can be prevented by an- 
chorinq the tubing. 

If the Droblem is to increase pro- 
duction, the first thin< to do is to be 
absolutely sure that the well is capa- 
ble of more production. A large per- 
centage of rdd and pumD jobs .re&lt 
from attemDtine to pump more fluid 
than a well will produce. A recent 
check in one area indicated that 80 
Dercent of the DumDs Dulled were 
from wells making l&s than 40 bar- 
rels of fluid Der dav. It was also found 
that suite often the numDs were be- 
inp Dulled prematurely. 

The easiest way to increase pro- 
duction is to increase the length of 
the stroke and/or the strokes per min- 

ute. Let us assume, though, that we 
are already operating the equipment 
at its maximum stroke length and that 
the maximum rod stress is the most 
Dractical value for the existing con- 
bitions. Pump displacement stili may 
be increased in several ways. The per- 
missible rod load may be increased 
by using a better grade of rod, by 
using hiah tensile rods. bv using a rod 
weigvht zompensator, ‘arid in % cor- 
rosive well, by using an inhibitor. In- 
creasing the allowable rod load will 
permit a faster pumping speed and/ 
or a larger pump. Anchoring the tub- 
ing will increase the effective plunger 
travel by eliminating the tubing 
stretch and thus increase pump dis- 
placement. 

Rods break in three places: the 
body, the pin and the coupling. Breaks 
in the body of a rod are nearly al- 
ways caused by fatigue. Occasionally 
a failure will occur because of ma- 
terial defects or poor workmanship. 
Rod breaks resulting from fatigue de- 
pend upon the magimum stress, the 
stress range, the number of reversals, 
and the medium in which the rods 
are used. Things to check are whether 
the correct size and type of rod is be- 
ing used, whether the pump size, 
pumping speed, or stroke length can 
be reduced, whether the pumping 
SDeed is svnchronous. whether or not 
ai inhibitor is being used. 

Rod coupling: breaks are relatively 
few,, and they-can nearly always be 
attributed to hammering or wear be- 
cause of a crooked hole. 

Pin breaks seldom occur in a prop- 
erly made-up joint. The threads 
should be clean and a thread lubri- 
cant should be used. The rod in the 
derrick should hang straight to avoid 
cross threading or galling of the 
threads. The joint must be properly 
shouldered and with a torque suffici- 
ent to stress the pin above the maxi- 
mum load to be applied. If the pin 
shoulder does not remain in contact 
with the coupling face, the pin is sub- 
jected to stress reversals which caus- 
es the metal to fatigue and the pin 
breaks. Usually, no difficulty is ex- 
perienced in making up 5/8 and 3/4- 
inch rods with the ordinary impact 
wrenches. however. the reauired tor- 
que of 500 to 800 fbot-poun’ds for 7/8 
and l-inch rods. resDectivelv. is hard 
to obtain. This 1s proven bi’the fact 
that pin breaks occur much more fre- 
quently in the larger rods. Power rod 
wrenches are therefore recommended 
for the use with rods larger than 3/4- 
inch. Rods should be hung whenever 
possible. The threads will be kept 
cleaner, and, if they can be pulled 
in doubles or triDles there will be 
less joints to make and break and 
less chance of trouble. Rod elevators 
should be in good condition and they 
should rest on a level survace. The 
weight of a long string of rods can 
easily kink a rod at the base of an 
uneven elevator. 

Long stroke hydraulic pumping 
units properly adjusted and correctly 
counterbalanced will give excellent 
performance on wells that do not 
pump off or on wells where trouble 
with gas is not encountered. If a well 
pumps off, or if the pump gas locks, 



should not be set too close to bottom 
if the tubing must be lowered to re- 
lease the slips. If there is any “fill- 
up” it may not be possible to lower 
t..ortubing enough to release the an- 

Tde compression type of tubing an- 
chor has slips with the teeth pointed 
down and it is installed by releasing 
the slips and then lowering the tub- 
ing. The advantage of this type anchor 
is that there is less chance of getting 
it stuck; particularly, if it is the kind 
that requires only an upward pull to 
release the slios. It mav be oossible to 
pull the anchor even though the slips 
do not fully retract. The anchor should 
be installed with enough tubing be- 
low it to offset the fluid load, plus 
the force required to unseat the pump, 
plus an allowance for friction, other- 
wise the anchor will move up the 
hole and tend to put the tubing in 
compression. Care must be taken in 
setting the anchor to prevent the tub- 
ing from being in compression when 
it is landed. It is possible to “cork- 
screw” the tubing and impose undue 
loading on the rods. 

First. the casing tvae where the numo 
is run in a wea with a string o? tu6 
in% usually 2 or 2-l/2-inch and land- 
ed-on a packer. The installation can 
be either the free type where the 
pump can be retrieved hydraulically, 
or the conventional type where the 
tubing must be Dulled to remove the 
pump: Second, Lthe insert type, in 
which the puma is run inside of the 
well tubing on-a macaroni string of 
tubing, usually 3/4 or l-inch. Third, 
the free type parallel system in 
which a string of macaroni tubing is 
clamped to, and supported by, the 
regular tubing. For deep well pump- 
ing, the hydraulic pumping system is 
better adapted to isolated or water lo- 
cations or to the pumping of crooked 
holes. 

operation may become erratic. The 
unit should be regularly checked for 
counterbalance, oil level in the bal- 
ance tank, level of make-up oil in 
the sump tank, oil leaks in the hy- 
draulic system, Darticularlv at the 
main pump and & the polished rod 
packing gland. The filters should be 
Ehange?l -&casionally-the length of 
time between changes will very ac- 
cording to the operating conditions. 
Some fluid should be drained from 
the bottom of the sums tank as often 
as necessary to preven? an accumula- 
tion of water. If the oil in the hvdraul- 
ic system becomes contamin&ed, it 
becomes necessary to drain the sys- 
tem and refill with new fluid. The 
mechanical seals on the main pump, 
and the scavenger pump itself, cause 
the majority of the mechanical fail- 
ures. 

Reference has been made to the 
use of tubing anchors and the rod 
weight comp&sator. It is felt that 
these items should be discussed in 
more detail. 

Tubing anchors can do only one 
thing-eliminate tubing stretch. What 
is to be gained by this? Unanchored 
tubing moves up and down as the 
fluid load is alternately transferred 
to the rods and tubing, and the ef- 
fective plunger travel IS reduced by 
the distance that the tubing moves. 
Anchoring the tubing increases the 
effective plunger travel by the amount 
of tubing stretch. The increase in 
plunger travel can be used to increase 
the production or reduce the ourno- 
ing -time. A reduction of p&p&g 
time will rsult in less wear on the 
pumping equipment and lower power 
cost if an electric motor is being used. 
Calculations show that production can 
be increased about 10 percent by an- 
choring the tubing. Production from 
one well, equipped with a 2-l/4-inch 
pump set at 3850 feet and operated 
at a speed of twenty 74-inch strokes 
per minute, was increased from 500 
to 700 barrels per day, or about 40 
percent. 

There are three types of tubing an- 
chors, tenison, compression and hy- 
draulic. The tension type has slips 
with teeth either straight or pointed 
up, and it is istalled by first releas- 
ing the slips and then raising the tub- 
ing to obtain the desired tension 
which should be in excess of the fluid 
load. The advantage of the tension 
tvoe is that it can be installed at the 
e”6d of the tubing and the entire string; 
placed in tension, thus assuring that 
the tubing is straight as possible. The 
disadvantage of the tension type is 
that the slips must retract before the 
anchor can be pulled. Some anchors 
have a shear mechanism designed to 
release the slios if the normal opera- 
tion fails to release them. The anchor 

There are two types of hydraulic 
tubing anchors: those with oistons 
that &sh again& the casing, and those 
with pistons that push against slips 
which are moved outward to contact 
the casing. The force is provided by 
the weight of the fluid in the tubinq 
which varies in wells with high gas- 
oil ratios or wells that flow after be- 
ing agitated. The force may vary 
en?&h to nermit the anchor td move. 
MovehentLcauses wear and the tvpe 
without slips can become locked. Set- 
ting the anchor up the hole will par- 
tially offset its tendency to move. 

A more complete discussion on tho 
use of tubing anchors was published 
$t,Fe February 1955 issue of “Drill 

The rod weight compensator is a 
hydraulic tool that counterbalances 
the weight of the lower part of the rod 
string, thus reducing the stress in the 
rods above it. The lifting force is ap- 
plied to the rods by the compensator 
piston. The tool is so constructed fhst 
the weight of the fluid in the tubinq 
above the compensator is annliPd t? 
the bottom of the oiston while the t?r, 
of the piston is eioosed nnlv t9 thk 
casing-tubing annulus which is as- 
sumed to contain only low pressure 
gas. The difference in oressure across 
the piston causes R liftino force, that. 
it is claimed, will reduce the dead 
weight of the rods 33 percent. 

A hvdraulic pumoinq system con- 
sists of a surface puma that takes oil 
from a tank. pumps it through sur- 
face lines and tubing to a subsurface 
puma that is of the single cylinder, 
single or double acting. piston tvoe. 
There are three types of installations. 

The casing type installation will 
pump more fluid than other types 
but should be used only in wells in 
which gas separation does not occur 
until after the fluid has passed thru 
the Dump. If there is any free eas 
present. pump operation bkcomes .&r- 
ratic. The setting depth is limited on- 
ly by the pressure rating of the pump- 
ing equipment. The insert type can 
be used in any well and can be set 
deeper than the parallel free type 
with the same safety factor. The dis- 
advantage is that the inner string of 
tubing: has to be pulled to recover the 
pump: The parallel free type instal- 
lation is somewhat limited to setting 
depth because the main tubing also 
has to support the parallel string. This 
difficulty can be overcome partially 
by anchoring the tubing. The advant- 
age is that the pump can be landed 
and retrieved hydraulically. 

The most important part of a hy- 
draulic pumping installation is the 
treating system. For successful opera- 
tion the Dower oil must be free of 
water and foreign material. Better op- 
eration will be obtained if the pro- 
duced fluid is also free of foreign mat- 
ter. All mill scale, rust and foreign 
matter must be removed from the 
power oil line and tubing prior to 
the installation of a pump or early 
pump failure will occur. Paraffin ac- 
cumulation appears to be accelerated 
if the water percentage is high. The 
light ends, particularly the butane 
and propane which are natural paraf- 
fin solvents, are lost during the con- 
tinuing recirculation of the power oil. 
Paraffin removal, however, is done 
very easily with the proper equip- 
ment. Treating capacity has to be in- 
creased, because the power oil has 
to be passed through the treating sgs- 
tern, but the treating problem is no 
more difficult. Testing a well is some- 
time difficult because of the inaccura- 
cy of fluid meters or the inconven- 
ience of shutting in all wells except 
the one under test. 
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