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TEXT FOR THE OPENING COMMENTS

by J. N. MURPHY
Research Director
Pittsburgh Research Center
Bureau of Mines
U.S. Department of the Interior
Pittsburgh, PA

THIRD U.S. WATER JET CONFERENCE,
PITTSBURGH, PA
MAY 21, 1985

On behalf of the Bureau of Mines, it is a pleasure to have the
opportunity to participate in the Third U.S. Water Jet Conference, and may I
commend the cosponsors for their interest and participation. Congratulations
are in order for the Organizing Committee for assembling the excellent
program.

All who have contributed to the phenomenal progress made in this field
in recent years can be proud of their contributions. The bottom line is, of
course, the manner in which and the extent to which the technology is used in
the field. And, of course, the extent to which it is used is ultimately the
cost benefit of these technologies to the user.

The Conference must and does consider the theoretical aspects of water
jetting as well as engineering, field performance of different systems, and
safety. The papers presented at the Conference will cover the use of water
jets for cutting, drilling, and cleaning. The types of jets employed can be
divided into three categories: jet-assisted mechanical cutting, modified jets
(i.e., slurry jets, etc.), and pure (high-pressure) jets.

If you consider water-jet-assisted cutting as an example, and if you
were a mining operator or a tunnelling contractor, you might find any of the
following attributes of significant interest: 20-to 50-pct reduction in
cutting forces; 300-to 500-pct increase in bit life; significant reduction in
machine vibration, dust, and noise; and improvement in the size distribution
of your product (less fines). All of these attributes are potential benefits
that can be realized by water-jet-assisted cutting. In fact, we have seen
some commercial realizations of this technology on roadheading machines,
where the Bureau has been pleased to participate in this pioneering effort.
To date, there are over 20 water-jet-assisted roadheaders in use or on order.
These promising results should not be interpreted to signify that all work is
done relative to water-jet-assisted cutting. There is still an essential
requirement for a better theoretical understanding of the mechanisms that
produce these outstanding benefits which would permit more rapid optimization
and, perhaps, improvement of the performance characteristics that have
already been observed. Additionally, there are many engineering details
required to implement this technology, including improved rotary seals and
phasing systems.

As we ask ourselves "What will the future he for water-jet-assisted
cutting?" perhaps an analogy is helpful: A number of years ago if you wanted
an automatic transmission for your automobile, it was necessary to special
order this feature. Today, automatic transmissions are generally standard,
and with some exceptions if one chooses not to have an automatic
transmission, it is a special order. In 3 to 5 years, I believe
water-jet-assisted cutting on mining equipment and tunnelling equipment will
be a standard feature, and if you do not want it for your machinery, you will
have to special order the machine without this feature.

With so many apparent benefits for water-jet-assisted cutting, one must
ask "Why should anyone consider the application of the modified jets or the
high-pressure jets?" While the technological hurdles are greater for these
approaches, the potential rewards are commensurate with the challenges, and



we must pursue these technologies as well. While, in my opinion, it may take
5 to 10 years to see extensive utilization of modified and high-pressure
jets, it is imperative that we press on. Considering the analogy used above,
while I am convinced that water-jet-assisted cutting will be, like the
automatic transmission, on every machine, the other water jet cutting
technologies will at least initially be used on special applications; to keep
with the automobile analogy, perhaps this technology is like the four-wheel
drive, while not used everywhere, where it is needed you cannot do without
it.

For all of these areas safety must be of utmost concern; it is an
essential part of the research, as well as the product engineering.

This Conference provides the forum to exchange theory, engineering,
field experience, and safety considerations of these technologies.

May I extend to you my best wishes for a successful meeting and urge you
to press on with the development and application of some of the most
revolutionary mining and industrial technologies that we have seen in recent
years.

Please Note.

This text is a scanned in version of the original. Because of some limitations in our programming the original
pagination has been changed. Other than that we have tried to make the text a little more readable by increasing the
spacing between paragraphs, but the text itself has been (subject to possible OCR misinterpretations) left as written.
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REMOVAL OF CEMENT LINING FROM OIL FIELD INJECTION LINESWITH
WATERJETS

by

Gerald P. Zink and John E Wolgamott
StoneAge, Inc.
Durango, CO

ABSTRACT

This report covers atwo phase program concerning removal of cement lining
from secondary recovery water injection linesin oil production. The first phase involved
cleaning 2 3/8 inch (6 cm) well tubing which was out of the ground. Phase two was a test
of cleaning a section of buried 8 inch (20 cm) pipeline. The lining ranged from 3/16 inch
(.5cm) to 3/8inch (1 cm) thick. The high pressure water system operated at 10,000 psi
(690 Bar) and 15 gpm (60 L/min).

INTRODUCTION

In many oil producing areas a water induction system has been installed for
secondary recovery. Theinjection grid recircul ates water found in the oil bearing
formations to stimulate oil production. Typically these injection systems operate at 3000
to 5000 psi (200 to 350 Bar). In some cases the water has sufficient H,S levelsto cause
significant corrosion of the steel pipe. To extend the life of the injection system, a cement
lining was installed in the pipe to protect it from corrosion.

Operators are now evaluating the options and costs associated with progressing to
tertiary recovery using a CO, water flood injection system. One obstacle is the chemical
non-compatibility of the CO, and the cement lining. The injection lines must be
compatible to both the H,S contaminated water and the CO,. StoneAge's part in this
program was to demonstrate the feasibility of cleaning the pipe in preparation for
installation of anew plastic or fiberglass lining. The costs of in-situ cleaning and relining
would be compared to the costs of right-of-way and installation of new lined-pipe.

PHASE | - ABOVE GROUND TEST

Beginning in April of 1984, StoneAge began cleaning the cement lining from 2
7/8in (7.3 cm) Hydril tubing. During the summer months, over 400 joints of tubing wore
successfully cleaned. Many different nozzle-bits were designed, fabricated and tested.
The most successful cleaning configuration involved the combination of waterjets and
mechanical cutting

Because of minor differencesin the ID of different joints of tubing, it is difficult
to clean completely to the wall with amechanical drill. The mechanical bits would also
leave layers of cement wherever the tubing changes diameter and also in the pin and
coupling. At first waterjets were used to supplement the mechanical cleaning action by
removing the thin layers which the rotary mechanical bit missed. However, as testing



continued the relationship was reversed. The waterjets accomplished most of the
cleaning and the mechanical bit scraped the wall of the tubing to complete the cleaning
process.

The nozzles were both angled to one side, so by reactive force the bit was thrown
against the opposite side of the tubing. This enabled a single bit to accommodate varying
pipe diameters. Asthe drill rod was rotated the bit would scrape the wall and loosen any
cement or corrosion which was left by the waterjets. A side thrust of 30 to 50 Ibs (13 to
22 kg) insured that the wall would be completely cleaned. To get complete coverage of
the tubing wall the advance rate must be balanced with the rotation rate

In addition to the cleaning of the cement, the forward facing waterjets created a
draft of air through the lined tubing to assist with removal of cuttings. This eliminated the
need for an additional compressed air chip removal system asis used on many
mechanical pipe cleaners.

A custom designed pipe cleaning rig was developed for this job (Figure 1)
Rotation of 0 to 200 rpm is provided by a 1 1/2 horsepower (1 kw) motor. The rotation
carriage isdriven along 40 foot (12 m) rails. Thrust of 200 pounds (90 kg) is provided by
a chain/gearbox drive from a |l 1horsepower ( .74 kw) air motor. A high pressure water
swivel was coupled between the rotation motor and the drill rod with the nozzle/bit
mounted on the end of the drill rod. The cleaning rate was found to be proportional to the
horsepower of the cleaning jets. By delivering 65 hydraulic horsepower (48 kw) to the
nozzle, a 32 foot (9 m) joint of tubing could be cleaned in 6 minutes. The energy was
delivered through two .054 inch (14 mm) carbide orifices, requiring 15 gpm (60 L/min) at
9000 psi (620 Bar).

A positive displacement pump was used to supply the high pressure water. The
pump has five plungers and is powered by a diesel engine through a clutch and belt drive.
These pumps are commercially available for purchase or lease. Standard 1/2 inch (1.2
cm) waterblast hose and a foot operated dump valve connected the pump to the water
swivel.

In addition to the lined tubing, several hundred joints of plugged tubing were also
cleaned. The tubing was full of cement, presumably from cementing accidents during
squeezing operations. Similar cleaning rates wore accomplished using a bit that was 95%
of the pipe diameter. The bit was equipped with carbide spades on the face. The water-
jets were forward facing, and assisted the carbide cutters. It is necessary to grind the
chips small enough that the water flow will flush them from the tubing. Large chips can
plug up behind the bit, creating hazardous conditions when the drill rod begins to
"hydraulic" back out of the tubing under 10,000 psi (690 Bar) pressure.

PHASE | CONCLUSIONS
High velocity waterjets are very effective in removing cement from pipe. In
addition, the optimum nozzle design removes corrosion from the inside of the pipe.



The most effective cleaning was done with water pressures between 7,000 and 10,000 psi
(480 and 690 Bar).

On the rack, pipe can be cleaned for less than $1.00 per foot. The cost is affected
by pipe size and chemical composition of the cement. If there is sufficient volume to
justify the investment in more mechanized pipe handling equipment, this cost could be
reduced.

PHASE Il - UNDERGROUND TEST

The information gained in Phase |, was used to design prototype equipment for
the Phase |1 test the test consisted of cleaning the cement lining out of a 500 foot (150 m)
section of buried pipeline. Selected for the test was an abandoned section of 8 inch (20
cm) trunk line. The section was straight, with an even 3% slope with about 3 foot (1 m)
of soil cover.

A single large rotating waterjet, was the preferred method developed for the field
test. The cleaning tool consisted of an air motor, a high pressure swivel, and the rotating
nozzle. These parts were encased in steel to protect them while the tool was being pulled
through the pipe. A sizing ring followed the nozzle to insure complete cleaning as the
nozzle proceeded along the pipe (EXHIBIT B). The cuttings were flushed out of the
pipeline with water. A closed system was established to recircul ate 400 gpm (1500
L/min) with alow head gasoline powered centrifugal pump. A 6 inch (15 cm) diameter
aluminum pipeline was laid above ground to return the flushing water to the upper end of
the cemented pipe. Connected to the discharge end was a holding tank, with awire basket
used to separate out the cuttings. The cleaning was begun from the low end, to allow
flushing of the cuttings to pass through cleaned pipes.

Preparation
We dug 6 ft by 20 ft (2 m x 6 m) pits to expose the pipe at each end of the test

section. The pipe was flame cut to allow access. At the discharge end, a 9 ft (3 m) section
was removed and the holding tank was put in line and attached to the pipe. This allowed
the cuttingsto fall into the tank and the flushing water to be recirculated. The upper end
of the pipe was raised about 2 feet (. 6 m), to allow good access for introducing flushing
water and hoses into the pipe.

The flushing water was used to wash a light line through the test section. This
line, with friction assistance from the flushing water, was used to pull the 500 ft (150 m)
of air and high pressure water supply hoses through the pipe. The cleaning tool was
attached to the hoses in preparation for being pulled back up the pipe during the cleaning
process. A cable was attached to the cleaning head from an air winch located at the
discharge end. This cable was to ensure the tool would not get stuck, and could be backed
up or retrieved at any time.

The flushing system required 1500 gallons (5700 L) of fresh water to fill the
holding tank, the pipeline, and the return line. A vacuum truck of 80 barrel (13 m®)
capacity was used to control the water level in the holding tank. The truck started about



half full leaving room to pick up the additional water produced by the nozzle during the
cleaning operation.

The high pressure pump was located at the upper end of the section, and received
water from a second water truck. The pump requires some inlet pressure, which can be
easily provided by avacuum truck. Thistruck should start full, or at least have enough
water to complete the cleaning job.

Compressed air was used for rotation of the cleaning nozzle. The air vane motor
required 30 cfm (.8 m? /min) at 100 psi (6.9 Bar). The hose reel was rotated by an air
winch, utilizing up to 100 cfm (2.8 m* /min) at 100 psi (6.9 Bar) The return cable winch,
located at the lower end, required the same. The air was supplied by two portable air
compressors. The air drive for the hose reel was throttled to provide about 250 Ib (7.4
MN) pull on the cleaning tool viathe supply hoses. As the cleaning operation progressed,
the 500 feet (150 m) of high pressure water hose and air hose were returned to storage on
the hosereel.

Cleaning Process

The cleaning tool was attached to both the supply hoses and the return cable.
The flushing circuit was started, and a constant flow of water through the pipe line was
established. The cleaning head rotated with a speed of about 200 rpm. The operating
pressure at the pump was 9,000 psi (620 Bar). Allowing for friction losses through the
1/2 inch (1.25 cm) hose, the water pressure at the nozzle was about 7,300 psi (500 Bar).
The single .078 inch (20 mm) nozzle delivered 15 gpm (60 L/min), which resulted in 65
horsepower (50 kw) being applied to the cleaning process. Effective cleaning could not
be accomplished below 5,000 psi (350 Bar) nozzle pressure.

The operating time to clean the 480 foot (146 m) section was 2.5 hours The
average cleaning rate was about 3.2 feet (1 m) per minute. Assuming constant travel, the
cleaning jet would complete 5 rotations every inch (2.5 cm). Inspection of the pipe end
showed the spiral cleaning pattern on the wall (EXHIBIT C). The location of the cleaning
head and the cleaning rate could be easily monitored by watching the return cable.
Observation of the cable movement showed that the sizing ring would sometimes stop the
cleaning head's progress until al the cement was removed.

PHASE II CONCLUSIONS

The pipeline cleaning test was highly successful. The field demonstration
confirmed the feasibility of cleaning the lining out of the pipeline whileitisin the
ground. The actual cleaning out of the cement lining was quickly and easily performed.
The logistics of the operation and the flushing of the cuttings from the long pipe section
required the major effort.

The general set-up proved to be functional, however there are some improvements
that should be instituted before beginning a full-scale operation.



1 The cleaning tool should be pulled with a cable, rather than the hoses. The
control would be much more positive, by avoiding the elasticity of the
hoses.

2 More care should be taken to improve the flow of flushing water around
the cleaning tool. There was more drag than necessary, and some
indication that the cleaning tool was plowing cement ahead of it some of
the time.

3 A smaller rotation system will be needed for smaller pipe. The equipment
and technology is available to accomplish this.

4 Field time for the project was about eight hours, with afour man crew
The most significant improvements in the system can be made in reducing
the set-up and moving time. With the addition of ajet lift pump at
the discharge end of the pipeline, the holding tank could be kept on the
surface of the ground. Thiswould save 3 hours at each location and
eliminate the need to remove a section of pipe.

5 Improved equipment for attaching the flushing system to the pipeline
could save 1/2 hour per location.

In addition to these, some experience would improve the overall efficiency of the
crew. We predict that it should be possible to complete two 500 foot (150 m) sections per
day. With these improvements and a minimum of 1 to 2 mile (1.6 to 3.2 km) job size, we
project acost of $2.00 to $3.00 per foot to clean the cement lining out of the buried
injection lines.

Figure 1. Cleaning cement filled pipe with high velocity waterjets in Phase 1.



Figure 3. Spiral cleaning pattern made by water jet.



OPERATIONAL AND MAINTENANCE MISCONCEPTIONS
OF HIGH PRESSURE POWER PUMPS

by

G. J. De Santis
NLB Corp.

ABSTRACT

This paper presents common misconceptions that exist regarding the operation
and maintenance of high pressure power pumps and describes how the misconceptions
can result in serious safety and pump reliability problems. As a prerequisite and
preceding the misconceptions, a practical description of what a power pump is, along
with its operating principle and some design factors will be presented.

Pawer End ’—“

Matifld | ValUe  crpashead  Crarkshaf

Figure 1

INTRODUCTION

In the water jetting industry, the majority of high pressure pumps used are single
acting triplex and quintuplex power pumps. The safe operation and design performance
integrity of awater blasting system is largely dependent on the proper operation and
maintenance of those pumps. It isthe intent of this paper to highlight some common
misconceptions that many people have regarding the operation and maintenance of power
pumps, and to describe how those misconceptions can cause serious safety and pump
reliability problems. To accomplish this, it isfirst necessary that we have abasic
understanding of what a power pump is, its operating principle, and some preliminary
design factors associated with it.

POWER PUMP DESCRIPTION
A power pump is an energy transmitting, positive displacement reciprocating
machine, which consists of two major subassemblies; the power-end and the liquid-end,



asillustrated in Figure 1. In the simplest form, the power end consists of the frame,
crankshaft, connecting rod and crosshead. The liquid-end incorporates the plunger,
stuffing box, packing, pumping chamber, suction and discharge check valves, and suction
and discharge manifolds.

OPERATING PRINCIPLE

The operating principle of a power pump is not as complex asit may first appear.
A prime mover such as an electric motor, engine or turbine is connected to the crankshaft
of the pump. When the prime mover is energized, the pump crankshaft will rotate. One
end of the connecting rod is attached to the throw of the crank and the other end is
attached to the backside of the crosshead, as shown in Figure 2. When the crankshaft
turns through one half revolution, by means of the connecting rod, it drags the crosshead
in alinear motion from position one to position two, asillustrated in Figure 3. On the
second 180 degrees of its rotating cycle, the crank, again by means of the connecting rod,
pushes the crosshead back to position one, as depicted in Figure 4. The distance between
positions one and two is the stroke length of the pump. The mgor functions of the
connecting rod are: (1) It serves as an energy transmitting device which transfers the
energy imparted to the crankshaft by the prime mover, to the liquid being pumped; and
(2) serves as amechanical linkage between the crankshaft and crosshead, converting the
rotating motion of the crankshaft into linear reciprocating motion of the crosshead.

In describing the liquid-end, the back end of the plunger is attached to the face or
front side of the crosshead, as depicted in Figure 2. The plunger hangs out from the
crosshead with a cantilever effect. The free end of the plunger protrudes through the
stuffing box into the pumping chamber. Packing isinstalled in the stuffing box which
surrounds the plunger with zero clearance, (ref. 1), forming a sea between the pumping
chamber and the atmospheric side of the stuffing box. Since the plunger is attached to the
crosshead, the motion of the plunger will also bein alinear reciprocating fashion.

When the plunger is on the suction stroke and moving out of the pumping
chamber, a vacuum is created in the pumping chamber due to the absence of the plunger.
Because of that vacuum, the differential pressure between the pumping chamber and
suction manifold becomes great enough for the liquid in the suction manifold to force the
spring loaded suction check valve to open against its spring force. When this occurs, the
liquid in the suction manifold then travels through the suction valve into the pumping
chamber, asillustrated in Figure 3. When the plunger completes its suction stroke and
stopsto reverse its direction, the spring loaded check valve closes, trapping a set volume
of liquid in the pumping chamber.

Asthe plunger starts on the power stroke and moves deeper into the pumping
chamber, it quickly pressurizes the trapped liquid to the point where the pressure is high
enough to open the spring loaded discharge check valve against its spring force and
against discharge manifold pressure. When that occurs, the plunger then displaces the
liquid from the pumping chamber which travels through the discharge valve into the
discharge manifold, whereit is collected from all other cylinders and exits the pump, as
shown in Figure 4. In atriplex pump, this hydraulic and mechanical action occurs three
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times for each revolution of the crankshaft. In a quintuplex pump, it occurs five times per
revolution of the crank.

DESIGN FEATURES AND FACTORS

The crankshaft in atriplex pump is designed with three throws positioned 120
degrees apart, asillustrated in Figure 5A. The quintuplex crank shown in Figure 5B, is
designed with five throws which are positioned 72 degrees apart. For each throw of the
crank, the pump will be equipped with one plunger. Therefore, atriplex pump will have
three plungers or pumping elements, (Ref.1), while the quintuplex pump will incorporate
five pumping elements. Since the crankshafts between the triplex and quintuplex pumps
are designed differently, and the quintuplex unit has two more pumping € ements than the
triplex pump, it is reasonable to expect that the flow profiles they exhibit will be different
aswell. In fact, when viewing the flow characteristic curves shown in Figure 6, it is easy
to see that the quintuplex pump has a smoother flow characteristic than the triplex unit.
There are several reasons for that. In the triplex pump, the three pumping elements are
attached to the crankshaft via the crosshead and connecting rod and are offset from each
other by 120 degrees. Thisresultsin a 60 degree overlapping of the plungers on each half
cycle of crank rotation, (Ref.1). Because of that, there are only two plungers either taking
in or discharging liquid at the same time, (Ref-1), which creates aflow variation. The
triplex pump has atotal flow variation from the average flow of 25.06 percent, with the
peak flow being 6.64 percent above the average flow and the minimum flow 18.42
percent below the average flow, (Ref-1, Ref-2). What this means, if atriplex pump was
pumping an average capacity of 20 GPM, the suction and discharge lines and the
manifolds of the pump will experience a high flow of 21.3 GPM and alow flow of 16.3
GPM, (Ref.1).

In the quintuplex pump, the pumping elements are attached to the crankshaft and
offset by 72 degrees from each other. This resultsin two to three plungers either taking in
or discharging liquid simultaneously. Because of that, the quintuplex pump has a total
flow variation of only 7.51 percent of the average flow, with the peak flow being 1.88
percent above the average flow and the minimum flow 5.63 percent below the average
flow, (Ref.1, Ref.2). Using the same example as the triplex pump, that is, 20 GPM, the
suction and discharge piping as well as the manifolds of the quintuplex pump will
experience a high flow of 20.4 GPM and alow flow of 18.9 GPM. In general, a power
pump operating at a constant speed is considered to be a constant capacity machine.
However, that is only true for a period of time. For any instant in time, the capacity is
constantly changing between the parameters previously stated. Since the capacity of a
power pump is measured over a period of time, normally sixty seconds, it can be difficult
to relate to the capacity as constantly changing throughout that period of time. However,
the pressure pulsations that are inherent to these pumpsisindicative of the constantly
changing flow rate. The reason for that is the liquid in the piping and manifolds of the
pump is constantly accelerating and decelerating. In further examining the flow
characteristic curves shown in Figure 6, the humps in the curves indicates a peak pulse.
Note that the triplex pump will have six peaks pulses in one revolution of the crankshaft,
while the quintuplex pump will pulse ten timesin one revolution of the crank. If both
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these pumps are operating with a crankshaft speed of 400 RPM, the triplex pump would
pulse 40 times per second, while the quintuplex pump would pulse 66.6 times per second.
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Figure6 B

Since the flow in the piping and manifolds of the pump is constantly accelerating
and decelerating, specia attention must be given to the piping associated with power
pumps. Thisis particularly true on the suction side of the pump where the liquid in the
suction line must accelerate at the proper instant the pump demands. If it does not,
cavitation will occur which can have damaging effects on the piping, valves, and the
pump itself. The energy required to accelerate the liquid at the moment the pump require