
Water Flood Pumping In The Sou!h Ward Field 
Introduction 

Among the peculiarities of produc- 
ing an oil well which is involved in 
a secondary recovery 
flooding, it is fl 

reject by water 
proba ly outstanding 

that the performance history of such 
a well can be expected to be in exact 
reverse order of that exnected from a 
normal primary producing well. At 
the outset of a water flood nroiect. 
the normal producing well is a-mar&: 
nal producer or “stripper,” 
making only one or two 

ossibly 
barre s daily. P 

As the injection begins to yield re- 
sults, old production equi 
as the central power an a 

ment, such 
gas lift e- 

quipment, is retired in favor of an 
individual pumping unit capable of 
handling the increasing volume and 
load. This volume and load continue 
to increase throughout the life of the 
water flood producer, even though 
the percentage of oil eventually be- 
gins to decrease as water production 
starts. Finally, as the high lifting cost 
per barrel of oil becomes prohibitive 
due to the small amount of oil being 
produced, the rods and pump are re- 
moved and the well is allowed to flow 
for the remainder of the project. 
Thus, the life of a primary producing 
well has been traced, but in reverse 
order. 

Following this general peculiarity, 
there are many other specific prob- 
lems, some of which are not neces- 
sarily peculiar to water flooding, but 
which have been particularly perti- 
nent to the projects with which the 
writer has been associated. This dis- 
cussion will cover some of those prob- 
lems, specifically and generally, as re- 
lated to water flooding. 

Design and installation of 
Pumping Equipment 

In dealing with oil wells where ben- 
efits are being anticipated as a result 
of offsetting or near-by water injec- 
tion, the first problem encountered is 
that of providing adequate pumping 
installations. In some cases, the equip- 
ment already being used may be satis- 
factory for further use, but in a large 
majority of the wells being produced 
in the South Ward Field projects, it 
has been necessary to replace at least 
part of the old equipment. As the old 
equipment generally consisted of cen- 
tral power arrangement, or possibly 
gas lift installations, it was readily 
apparent that the high volume prd- 
duction anticinated could not be han- 
dled with existing equipment. The 
pumping wells generally were equip- 
ned with small bore. low volume. in- 
sert type bottom hole pumps, and’ old 
rods and tubing. 

It may be argued that this is not 
necessarily the first problem to be en- 
countered. However, since the return 
on a large investment must come from 
the producing wells, it is generally 
considered advisable t o recondition 
these wells at the earliest possible 
time. In this way, some production 
benefits may be realized simply by in- 
stalling more efficient equipment, and 
when flood results begin to appear, 
there will be no delay for changing 
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out equipment, and maximum produc- 
tion may be realized from the outset. 
An early replacement may be further 
iustified bv the consideration that 
“most of the”pumping equipment has a 
high salvage value. 

As the choice of equipment must 
be made long before the peak demand 
is reached, it is important that a wise 
initial selection be made in order to 
prevent additional expense at a later 
date, possibly after peak oil produc- 
tion has been passed. Such secondary 
replacements are sometimes necessary 
in- order to maintain maximum oil 
nroduction. but it is not desirable to 
install larger pumping equipment 
merely to handle an additional volume 
of water without increased oil pro- 
duction unless absolutely necessary. 

Several factors must be used in at- 
tempting to predict the amount of 
fluid which eventually will be pro- 
duced from each well, which in turn, 
may be employed in determining the 
size and type of equipment to be used. 
Experiences of other operators in the 
same field or area is generally the 
first consideration to be made, where- 
ever possible. Free exchange of infor- 
mation in the South Ward Field has 
been an outstanding characteristic of 
onerators in that area. In cases where 
old wells are to be used as producers, 
past production history may some- 
times be applied as a yardstick in pre- 
dicting water flood production. Some 
operators have agreed upon one-third 
of the well’s initial production as a 
rule-of-thumb figure in predicting 
water flood Droduction. This may varv 
rather widely, of course, and is sub- 
ject to such factors as fracturing and 
extremelv high or low iniection nres- 
sures. Of course, new wells are elimi- 
nated from this consideration. As the 
water injection has generally com- 
menced prior to the preparation of 
the Droducing wells. t h e iniection 
rates’ mav furnish a ‘guide as ‘to the 
fluid production to be expected. Core 
data or other well information may 
also be applied. Generally, all factors 
must be used together in order to 
provide intelligent reasoning. 

The above factors must then he tied 
in with eouioment on hand and future 
requirements after water floodim?. 
The latter determination is usuallv in 
the hands of higher management, but 
the other matters are generallv more 
closelv associated with the field per- 
sonnel. Close coordination between en- 
eineering and production personnel is 
beileved to be of utmost imuortance 
in realizine maximum oil umdurtion 
frnm a water flood Droiect,. Best re- 
sults generallv are obtained whan all 
roncerned have acreed on a narticu- 
lar method, piece of equipment, et 
cetera. 

After the sizes of the eauipment 
which will best fit the needs of the 
project have been determined. the 
next problem is that of which type to 
use. Wherever possible, maximum 

flexibility is a primary consideration, 
particularly with the pumping units. 
As pumping conditions are constant- 
ly changing, units may have to be bal- 
anced at frequent intervals, in addi- 
tion to changing the length of stroke 
and pumping speed often. Pumping 
units equipped with adjustable count- 
erbalances are ideal for water flood 
production applications. In setting the 
pumping units, the temporary type in- 
stallations have gained increasing pop- 
ularity over the concrete foundation 
settings. Instead of making concrete 
foundations, wide-base units or units 
with fabricated steel sub-bases are set 
on timbers, which are lying. on a ca- 
lithe or dirt grade. The wide bases 
provide additional bearing and stabil- 
ity. These installations have proved 
satisfactory on unit sizes up to 160,- 
000 in. - lb. peak torque. Unit replace- 
ment on such a setting is a very sim- 
ple matter and can be done in a very 
short time. 

In selecting the bottom hole numns 
to be used, insert type pumps are ge‘n- 
erally given first call if at all practica- 
ble due to the ease of changing 
pumps. Tubing pumps are used very 
extensively to handle larger volumes 
of fluid and generally give longer runs 
because of heavier construction. Some 
special pump applications may be 
made where conditions warrant them, 
such as three-tube pumps for exces- 
sive sand conditions. A few applica- 
tions of dual plunger pumps have 
been made in cases where it was not 
feasible to install a larger tubing size 
at the time. 

Tubing pumps and conventional in- 
sert pump arrangements constitute 
the greatest percentage of bottom-hole 
pumps in operation in the South Ward 
Field. Valve arrangements and the 
other variable characteristics of the 
pumps vary rather widely among op- 
erators. Carbide balls and seats have 
been used extensively and are believ- 
ed to be a justifiable expense in ob- 
taining longer runs with- the pumps, 
regardless of tvne. Traveling: barrel 
ingert pumps h’ate proved sticcessful 
under mild sand conditions, with eith- 
er metal or ring type plungers. As cor- 
rosion has not been a problem, special 
metals have not been necessary. 

Operations and Pumping Methods 
It has become an established fact 

in other areas as well as the South 
Ward Field that water flood produc- 
ing wells require the greatest amount 
of care during the first few months of 
operation aft& flood results begin to 
appear. The wells are often very dif- 
ficult to pump due to the increased 
amount of gas which, along with a two 
to three degree increase in the A.P.I. 
gravity of the oil is generally among 
the first indications that a well is be- 
ginning to be affected by offsetting 
iniection. Thus. the oil is lighter than 
normal as a result of the idditional 
gas in solution with the oil, and the 
wells may have a tendency to gas lock 
and flow off in heads at irregular in- 
ter;;ls. Production may be very er- 

, continually changmg, and a 



great deal of attention is required of 
each well in order to obtain the maxi- 
mum production possible. Frequent re- 
packing of stuffing boxes may be nec- 
essary during the early months as a 
result of these flowing off conditions. 

1 These problems are usually greatly 
lessened as production increases to 
the point where the well can be ump- 
ed continuously around the clot K . 

As the Yates section in the South 
Ward area is a sand pay, sanding up 
of pumping equipment may be a some- 
what greater problem during the in- 
creasing production period, particu- 
larly on wells that increase very rap- 
idly. This is apparently caused by the 
incoming fluid bank and sharp pres- 
sure increase in the reservoir causing 
the sand particles to be loosened and 
carried with the fluid. It may be nec- 
essary to “bump bottom” occasionally 
to keep a pump from becoming sand- 
ed up. This may also be done to break 
a gas lock in the pump. 

Continuous twenty-four hour pump- 
ing of water flood producers is desir- 
ab‘ie as soon as possible for a number 
of reIated reasons. It has become al- 
most a universal practice in water 
flooding to keep producing wells 
“pumped off,” or rather to maintain 
a fluid pound at al1 times. In cases 
where old wells are used as producers, 
the oil casing is often set high, leav- 
ing unsaturated, depleted gas sands 
open which become theif zones if ex- 
posed to fluid. In order to be assured 
that no fluid will enter these sands. 
it is necessary to have the fluid level 
cIearly estabhshed at a lower depth 
at all times. This is done by setting 
the pump lower than the thief zone 
and maintaining a fluid pound at all 

I times. 
By keeping the producers pounding 

fluid at all times, maximum oil pro- 
I duction is thus assured. small increas- 

es may be readily handled, and larce 
increases may be detected more essilv 
bv the well’s failure to pound fluid. 
Maintaining a low fluid level in the 
bore hole prevents a back pressure on 
the sand and allows the oil to enter at 
a maximum rate. Also, in the case of 
wells which produce water, these 
Dumping conditions do not permit a 
high column of water to stand in the 
hole which might cause serious and 
nermanent damage to the pay sand. 
There may be exceptions to some of 
the above mentioned factors when it 
would be necessary or desirable to 
maintain a back pressure or fluid on 
the sand face to prevent scale deposi- 
tion, caving. et cetra. 

Leaving the depleted gas sands op- 
en bv keeping the wells pumped down 
furnishes another guide in checkin? 
the well’s performance. Although call- 
ed “denleted” gas zones. these sands 
renerally release a small amount of f” ree gas that can be seen when vented 

t ~~ hrough small size line pine. When 
gas i s seen to be escaping out the vent 
in nl __ --orma fashion. this gQnerRllV D'n- 
ides a gnod indication that the well F 

is pumped down properlv. This guide 
can be used only when the gas being 
Droduced is in such small Cluantitles 
that it cannot be gathered and sold. 

It would be unwise to use any of 
the well operational performances as 
sole factors in judging a wells PumP- 

ing action. A well may pound fluid as 
a result of the pump starving for 
fluid. Gas may break out of oil and 
escape through a vent with the hole 
nearly full of fluid. Fluid may flow 
out the bleeder at the well head, due 
to unbalanced fluid conditions, indi- 
cating production even though the 
rods may be unscrewed. Therefore, a11 
factors must be used together in 
checking a well’s performance and 
though one particular condition may 
not be exactly right at a given time, 
a later check may find all conditions 
satisfactory. These factors, along with 
other common pumping characteris- 
tics should be checked frequently, pos- 
sibly several times daily, at each well 
and used in conjunction with fre- 
quent well tests in maintaining the 
wells at maximum production. Prop- 
er pumping speed, stroke length, and 
well balance can be maintained in this 
way to provide an efficient operation. 

Mechanical Problems 
As a result of operating water flood 

producing wells with a fluid pound, 
sucker rod breakage occurs as prob- 
ably the most common problem. In 
reducing this problem to minimum 
proportions, the first step should be 
the assurance that the wells are not 
being “over pumped;” that is, run- 
ning-at too great a speed or too long 
numning stroke. As the use of old 
iuckkr rods is a major cause of rod 
breakage, the installation of new suck- 
er rods usually will eliminate a large 
percentage of breaks. Of course, the 
rods must be of the proper size and 
quality for the particular job being 
done. In some cases, as wells exceed 
anticipated production, it may become 
necessarv to install larger rods. Cor- 
rosion inhibitors have been used with 
only mild success in eliminating rod 
breaks in the South Ward area. 

As mentioned at the beginning of 
this paper, a wise selection made at 
the outset of a project may result in 
considerable savings in additional 
equipment as well as production. Such 
an item as the installation of new rods 
should be considered very important. 

Gas locking in the early stages of 
water flood production may be men- 
tioned briefry as its existence as a 
Droblem usually is very brief. It may 
be necessary to prevent the wells 
from pumning completely down to 
eliminate this problem. Proper gas an- 
chor design, double valving pumas. 
or spacing valves very close together 
in Dumps are other possible solutions. 
Thiq nroblem nenerallv resolves itself 
as fluid prod&ion increases. 

Sand is another Droblem which usu- 
ally becomes less serious as the wells 
nroduce increased fluid volumes, par- 
ticularly after water production starts. 
However, snme wells are plagued by 
serious sand conditions even with wat- 
er oil ratios of 2. 5 to 1 and dailv vol- 
umes in the neighborhood of 300 bar- 
rels. Properlv cleaned out ~~11s Ire 
the first solution. Casine liners. tho 
not always desirable. may become a 
necessity in some instances. Hich 
quality pumping eauipment usuallv is 
a necessity where abrasiveness, due to 
troublesome and hard balls and seats 
are definitely justifiable under such 
circumstances. Specially designed 

pumps may be necessary in the wells 
where sand conditions are most se- 
vere. 

A so-called “floating sand” may be 
responsible for a great deal of trouble 
rather than cavin3 as commonly con- 
sidered. This type sand is very abra- 
sive and may also form with paraffin 
to plug lines and settling tanks. 

Water and Scale 
As a water flood project progresses, 

the water that must be handled pre- 
sents a variety of problems. The first 
problems are those of treating emul- 
sions and disposing of the water. Set- 
tling tanks, heaters, free-water sepa- 
rators, and other types of equipment 
must be applied as conditions war- 
rant. In the South Ward area, where 
climatic conditions are very favorable 
to the treating of oil;. that is, warm the 
year around, a mimmum of treating 
equipment is required. Most operators 
use only a water oil separating tank 
or gunbarrel. A moderate chemical 
treating program usually takes care 
of the emulsion problem very eco- 
nomically. 

Three general means of water dis- 
posal usually are considered: evapo- 
ration pits, disposal wells, and re-cy- 
cling for injection. Although the hot, 
dry, and windy climate is ideal for 
evaporation, the produced volumes 
generally have reached such propor- 
tions that other means are necessary 
and disposal wells have become the 
most popular solution. 

Increasing water production cre- 
ates the need for periodic checking 
of pumping unit balance as an eco- 
nomic measure, particularly when 
power is being purchased. As the unit 
load is continually changing, consid- 
erable savings may be realized by 
these checks. 

One of the most serious problems 
encountered in the operation of water 
flood producing wells is that of scale, 
and gypsum in particular. As gyp 
seems to adhere to no particular pat- 
tern in forming and is relatively in- 
soluble in most commercial chemicals, 
the importance of obtaining a solu- 
tion to the problem cannot be stressed 
too much. 

Gyp, usually crystalline in form but 
which sometimes forms a solid white 
scale, has been known to form a solid 
ring between tubing and open hole 
with no scale inside the tubing. Con- 
versely, it has completely plugged the 
inside of tubing without forming at 
all on the outside. The most serious ef- 
fects are those of restricting produc- 
tion and sticking tubing and rods. 

Remedial methods at this time in- 
clude a variety of chemicals, most of 
which are relatively unknown quanti- 
ties. Most of these are inhibitors, with 
few claiming to actually dissolve the 
solid gyr, CrYStalS. 

Gyp is the only serious form of 
scale found in the Droducim? systems 
in the South Ward Field. The Field 
has seen a small amount of iron Sub 
fide scale but this is easily removed 
and causes no serious plugging. There 
has been little or no serious corrosion 
in the producing wells. 

Flowing Wells 
A limited number of producing 
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wells are being flowed into the tanks 
in the South Ward Field at the pres- 
ent time. These wells are those which 
became uneconomical to pump due to 
excessive lifting cost and produce only 
a few barrels daily. generally less 
than five barrels. - - - 
Conclusion 

In order to realize maximum results 
from water flood producing wells, it 
is very important that wise decisions 
be made before the operation is start- 

ed. As each problem encountered is 
so closely related to the ones preced- 
ing it, the im 
must be 

ortance of a good start 
dou ly emphasized. As the is 

lives of these projects are relatively 
short, the problems must be solved 
quickly or have marked adverse ef- 
fect on the overall success of the pro- 
jects. 

Although all of the problems dis- 
cussed here have not been strictly op- 
erational, it is felt that the points cov- 

ered are important to field person- 
nel as well as management. Excellent 
field supervision and close coordina- 
tion between field personnel and man- 
agement are very important to the suc- 
cess of a water flood operation. There- 
fore, on such items as pumping equip- 
ment and methods to be used in such 
an operation, it is believed that ex- 
perience of field personnel should be 
considered in making various decis- 
ions. 


