Application of Motor-Driven 11,000 RPM
Centrifugal Pump to Hydrofrac Development
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ABSTRACT
Development of wells by the hydraulic fracturing method occasionally rvequires extended

periods of pumping at pressures in ¢xcess of those normally available in the brine field. To ac-
complish this, it is customary to vent an engine-dviven piston type pump because of ils mobility,
high pressure capability and flexibility as o pressurve and capacity. IMsadvaniages lie in high cost
due to overdesign for mud-handling, operating labor and fuel, and allowance for maintenanice of
engines and fluid paris; in o company-ouned unil, the intermitient use and high cosl of mud pumps
along with the stovage problem of engine-dviven units make these pumps expensive for well devel-
opwent.

When operated al specds of 8, 000-30, 000 RPM, a single stage centyifugal pump can develop
the head and capacity vequived foy this wovk, By sevies and parvallel connection of two uxnits, the
wide vange of pressure vequivements fov well development con be met while optimizing flow.
Electvic motor dvive permils unattended opevation with suiteble confrols.

The wmit discussed employs fwo pumps mounted on a skid with primary power integrated info
the untl. Suivel mount of the in-line pumps permits parallel ov servies comnection and easy con-
version from one mode lo the other in the field

INTRODUCTICN

Applying large amounts of hydraulic horsepower for well development at field locations on a
short-term basis offers an interesting problem in selection and application of pumps 1o field situa-
tions. This paper discusses use of motor-driven gingle stage centrifugal pumps in development
of salt wells. It is recognized that indefinite terms like high or low when used in reference to
quantities are factors which are characteristic of the specific locality in which the reader is in-
terested; however, it is thought that enough latitude is available in the ranges discussed to cover
most common brine field conditions. With modification only in scale, the concepts of this work
can be applied anywhere.

THE PROBLEM

Development of an usable connection between two wells in a salt bed by the hydrofrac method
requires reduction of the circulation pressure acrogs the {raciure connection from that approxi-
mately equal to the hydrostatic load of the overburden 1o the pressure of the available service
water. In an oversimplification it is thought that the mechanism consigts of pumping against the
overburden pressure until sufficient salt hay heen dissolved to increase the area of the conduir to
permit the desired fluid t pass with little or no friction loss. This pumping time, once circula-
tion is established. varies from well w well and locality to locality. The range is from a lfow of
several hours where the connection is in 2 pure salt bed, 10 several months; sometimes when the
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connection is in a bed of low solubility, or has swelling or plugging characteristics, pumping is
abandoned when results are not obtained.

The cost of readily-available rental equipment is high, because the daily rate must include
aliowances for moving, depreciation, repairs, labor, and fuel on a mobile, self-powered machine
capable of delivering practical flow rates at elevated pressures. An extended period of pumping
will run up 4 rental charge which can approach the cost of the well, and since decline of pressure
is frequently not directly related to pumping time or fluid guantity, the decision to extend pumping
time ia difficult.  An electric motor-driven centrifugal pump was applied to this service because
its simplicity of operation and low cost would permit extended periods of development pumping
essentially for the cost of the electric power.

»

HYDRAULIC CONDITIONS

In its basic concept, development of a fractire connection in salt presents a decreasing head
requirement as solution increases the cross-sectional area of the connection between the well
being developed and its outlet. Since decrease in pumping lead is frequently sudden and unpre-
dicted, the pumping machine must be capahle of making this change without damage in ahsorbing
the differential. Protection of the equipmentfrom runout or overload requires the continuous at-
tention of a competent operator or use of protective devices.

An engine-driven mud pump from the well drilling rig is commonly retained for weill devel-
opment after completion of drilling. Since the engines and fluid end of these units represent con-
siderable investment, & contraclor furmshmg thlS type. of pump usually requires an operator on a
continuous basis.

As solution progresses, the cross-gectional area of the connection between the wells is in-
creased, flow through the conduit changes from turbulent to laminar, and head requirement to
maintain flow through the system falls. Since it is the objective of this work to develop the new
well and put it in active service in a minimum of time, the pump should have capacity to maintain
flow rates of the upper laminar to turbulent type during the high-head requirement interval, and
bc capable of high flow rates when head requirement falls off. FEquipment is selected which will
attain the maximum pressure anricipared and operate across the range from maximum to the pres-
sure of available brine field service warer; service water pressure determines the lower limit of
pressure requirement. Flow, the other variable in the development system, is held at as higha
level as possible, since it is generally held that time and flow rates are somewhat inversely re-
lated,

Typical system curves after a connection is initiated are illusirared in Fig. 1; slope and
units vary from locality to locality. Curves are shown where pressure rises with time and flow,
in the case of a swelling formation or plugging situation; where the curve stays fiat, in the case of
a connection in insoluble marterial; and falling curves, slope varying with percentage of scluble
material, time and flow.

ENGINE-DRIVEN PISTON PUMP

An engine-driven pision pump of the type used as the mud pumip for rotary drilling has the
mobility and pressure-flow capability suitable for this work, By varyving liner and piston size and
engine speed over tolerable limits, this type of pump can be made 10 conform to the system curve
in a series of steps as is shown in Fig. 2. Care must be taken 10 provide relief back to suction to
prevent bursting or oversiressing the system in the low-flow periods. Liner and plunger sets are
heavy and guite expensive. A change requires two men several hours, so changes are major un-
dertakings, not without considerable cost.

An engine-driven mud pump with one or two engines and accessories, capable of pressures
of several thousand psi and flow rates in excess of D0 gpm at high pressures to 500 gpm at Jow
pressure, costs §30, 000-30,000. Protracted pumping at elevated pressure puts high strain on all
moving parts in this type of reciprocating machine; repairs on the engives and fluid end, while in-
frequent, are nuite expensive. Because of the intensity of utilizartion and the dynamic character of
the load against which it is applied, the contractor furnishing a mud pump usually insists on
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SYSTEM—HEAD CURVES FOR WELL DEVELOPMENT PUMPING
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supplying qualified operators on a continuous basis, not only to see that the machine performs
gatisfactorily, but also to stand by to shut it down in case of a malfunction, before extensive dam-
age takes place. Fuel cost for one or two 300 hp engines runs on the order of $50. 00 per day.

It can be seen that furnishing a mud pump on a short term, indefinite pumping job with mov-
ing, labor, repairs, fuel and depreciation can justify a charge ranging from $ ’%Oi] o $5{}0 per day

with & significant stand-by charge during dawntime.

Because well development is done infrequently, say once every few years, amd because it ig
imposasible to predict the pumping period, optimistically a matter of a few hours:or days, it is dif-
ficult to justify investrment in a mud pump and accessories, especially in view of its high moving -
cost, fuel cost, potential repair expense. and particularly the difficulry of finding competent labor
on an as-needed basis 10 conscientiously look after this complex machine under brine field operat-
ing conditions. It is recognized that internal combustion engines deteriorate if allowed to gtand
idle for protracted pericds between jobs, Thus, it appears that the mud pump, while corvenient
for experimental work on a rental basis, ig not the optimum type of pump t0 incorporate into the

Brine Department for well development.

CENTRIFUGAL PUMP

A high head motor-driven centrifugal pump packaged on a suitable skid offers a solution to
many aspects of the problem. The head curve of a centrifugal pump conforms somewhat to the
head requirements of the system in that it adjusts itself 10 decrease in pressure requirement hy
increasing capacity over a wide range while maintaining motor load within tolerable limits, see
Fig. 3. The moter-pump combination can be protected by rather simple safety devices. Anyone
who has approached a piston~type mud pump under full load will appreciate the ragdical difference
in noige level.

During the initial phase of well development. pressure requirement is highest and flow in the
turbulent range is of secondary importance; a centrifugal pump can operate at or neay its shut-off
point, developing maximum pressure while automatically optimizing flow by moving out its capacity

CENTRIFUSAL PUMF APFLIED TU WELL DEVEL OPMENT
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Figure 3. Curve of centrifugal pwnp conforms to well curve by awomatically incressing flow
a5 pressire requiremnent decreases.  Pomp adds head 1o avaiiable service water pressure, and
operates safely ar Jow flow during initis] period,
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curve as head requirement falls off. A sudden change even so gross as a broken line cannot
degtroy the unit as a similar "runout” would on a mud pumyp if the operaror was not on hand, mnc&
simple over and undercurrent relays can be ser to cut the power off.

Those familiar with high-head centrifugal pumps will recognize that a moderate size unit
capable of developing heads of several thousand feet at nominal flows will not deliver high Lapacwg
at lower heads. The solution used was to apply two pumps with a simple conversion {rom serieg: «
parallel connection which could be made in the field.

Considering again the generalized system-head curve requirement for well development, the
series parallel match can be seen, Fig. 4. Mobility requirements precluded application of g
multiple -stage centrifugal pump of the hoiler feed type because of shaft alignment and vibration
limitations which would necessitate a massive base.

SUNDYNE PUMPS IN SEKIES — PARALL EL ARRANGEMENT

HEAD

—~Flaw-Limiting Onifice Buifl In
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Figure 4, Pumps udd hzad to available service water presswe, Orifice Lmiss Mow te prevant mmour and
moter cverlosding.  Pumps can :ug at Iow flow rates during inftial perlod withowr damage.

HIGH SPEED ONE-STAGE PUMP

The pump selected for this work ig a one-stage. in-line type which operates through a gear:
case at speeds above 3, 600 rpm, ranging through steps to an upper limit of 30-40, 000 rpm, man
factured by the Sundstrand-Denver Company, Denver, Colorado. The pump, marketed under the
name "Sundyne'' has the following general outline, Fig. 5. The motor is a conventional vertical
type. The gear case isg flanged directly 1o the motor, eliminating alignment and couplings. Gear ;
ratios develop the desired output speed. The gear case is pressure lubricared and gear speeds
amd bearing loads are well within acceptable engincering standards. A mechanical seal is pro-
vided, designed for the material being pumped. The impeller is a simple, straight-vane type.
The pump case carries the inlet and outler flanged connections and encloses the diffuser casting or
pump bowl. Other than the seal, fluid end parts consist of the impeller and diffuser. both of which
are srnall, simple castings; their cost, in terms of exiraordinary materials for corrosion or wear
resistance, is small in relation to the total machine,
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WYANDOTTE APPLICATION OF THE SUNDYNE PUMP
The well developmem pump system designed for use at WYANDOTTE has the following fea-
tures; see Fig. 6.

Two 60 hp, 11, 000 rpm, one-gtage vertical in-line pumps;

Maotor stariers -- weatherproof with indicating ammeters and outlet for plug-~in power to
motor;

Transtformer 2, 300-440 V; and

Sled type base for above, welded steel construction.

Power is furnished from the brine field well pump electric mains at 2, 300 volts by means of
surface cables and junciion boxes. Service water at the well site is available from the brine field
manifold system at 230 psi, which furnishes more than adequate NPSH, Connections are made by
flanged hose and flexible-joint temporary piping sections.

A mount for each pump was designed consisting of a cylindrical pedestal attached to the pump
base and a matching sacket fastened to the gled. Actual load was carried on Teflon rings which
cover the surface between the top of the socket and pump base, serving as a low friction bearing.
This base construction permits the pumps to work straight through for series operation or to
swivel 43 degrees for parallel connection with a suitable manifold. The base arrangement allows
the pump to be lifted out of its sucket and to be transported, complete, on a suitable cradle. The
Teflon rings allow the entire pump to be rotated about a vertical axis with little effort when making
the change from series to parallel connection, Fig. 7. When the unit is to be maved, the puraps
are lifted out of their sockets by an A-frame truck and transported laying down in their cradles.
The gled with electrical rack, transformer and starters is lifted at the transformer end by a2 winch
truck and dragged or suspended from the back of the truck bed. When set in position on the well
location, the pumps are dropped into their sackers, electrical cables plugged into receptacles on
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the stariers, and sucticn hose and discharge pipe connected,  All this work is done by the Brine
Department crew.  Meanwhile, plant electricians spool and relay the 2, 30 voir eleciric cable
from the nearest junction box to the pump and reconnect at the iuse disconnects. Cable lengths of
several thousand feet from the nearest 2, 30 volt source arve made up in S0 foor units connected
at junction boxes.

OPERATION AND CONTROLS

Warter is metered on the suciion side by a propeller type flowmerer. [Flow to the well is
regulatecd by a valve on the well head to keep motor load within design limits by ohserving indicat-
ing ammeters on the face of the starters, Suction, imerunit and discharge gages are provided 1o
indicate performance of each elemen:. A recording pressure gage gives a record of well history.

The giarters are provided with high and low currem cutouls and interconnected 1o stop both
units in the event one goes down. Phase reversal relays prevent backward rosation in the cvent
random reconnection of the three phase power produces an arrangement which will cause rotation
other than the right direction.

COST

The sled type base was fabricated in a shop from drawings furaished -- cost $350; the hush-
ing post swivel mounts cost 530G each, total for steel base and pump mounts: $1, 000, Pamps,
400 psi. 140 gpm each for serics or parallel from 200 psi inlet, including 60 hp TEPC motor,
11,000 rpm gear box and pump, complete unit: 33, 500 each.

Twa 75 hp well pump transformers were utilized because thoy were available an a no-cost
basis from surplus and because two units would spread the load profile and keep the center of
ravity down, a factor of consideration during moving., A single 130 KVA transformer could be
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used, cost -- $1, 200, Starters cost $600 each. Estimated total cost about $12, 000 including
assembly lahor, fabricated spools for series and parallel comnection, small parts and painting.

Direct operating cost is power requirement for two 60 hp motors; somewhat less than $20
per day. Labor charged to well development congists of the time of the Brine Department shift
man who changes charts, regulates flow and power load once or twice a day during a protracted
pumping job. In freezing weather, a Plant Protection man observes the pump on his periodic
rounds and notifics the Brine Deparument if the system is out of order,

The unit ia atill in its first year of operation and as such has vet 10 incur repalrs or mainie-
nance. The Sundstrand Company ig ready to ship a gear case on an exchange basis, which can be
changed in the field. If desired, the gear case or seal can be changed in the shop by lifting the en-
tire unit out of its socket with an A-frame truck and transporting it to an inside work area. The
gear case can be changed in one or two hours by one man with hand tools and a hoist. Other wear-
ing paris are the mechanical seal, impeller and diffuser: these can be changed with hand tools by
one man; there are no close tolerances to be adjusted or other alignments to be made in the field.

CONCLUSIONS

The first project to which the purnp was applied was a well which had connected but had not
pumped down. The pump was connected arnd after approximately ten weeks the well would take
water at service water pressure. It is doubtful if we would have continued pumnping with a rented
engine~driven pump at $300 per day -~ it would be hard to abandon a well at the part-way point if
pumping failed to reduce the system pressure below that of available service water. It could be
said that this pumping unit paid for itself on its first job.
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