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Chapter 1 Downhole Equipment

1.1 Downhole Separator Produces Less Water and
More Oil

] Guidance to Reading

Downhole oil/water separation( DOWS)) ,as an alternative , plays an eco-
nomic and beneficial role in the production of hydrocarbons. water-treating fa-

cilities.

@ Text

Introduction

Water management is important in the production of hydrocarbons, espe-
cially when water volumes steadily increase as fields age. Novel approaches that
can reduce the water volume downhole may supplement the traditional ap-
proach to oil/water separation at the surface. Taking produced water out of the
well stream downhole increases production-tubing and process-facility capacity
for oil and gas. Downhole oil/water separation( DOWS) can reduce the need
to upgrade water-treating facilities.

Downhole separation offers an alternative to debottleneck constrained wa-
ter-handling facilities with potentially positive side-effects,such as more favora-
ble conditions for separating oil from water,increased productivity as a result of
better well hydraulics, reduced discharges of oily water, and maintenance of
reservoir pressure. Reducing water at the source also diminishes the need for
water treatment and for prevention of corrosion,scale,and hydrates. When wells
are already pumped or when produced water is already reinjected, downhole
separation will be beneficial, particularly in wells where water shutoff has
proved ineffective.

New concepts for DOWS have been developed under a joint-industry pro-
ject run by the Centre for Engineering Research( Canada). The technical feasi-

bility of completing wells with hydrocyclones and downhole pumps to achieve
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in-well production, separation, and reinjection was demonstrated. The first suc-
cessful installation outside North America became operational in Germany
in 1997.

Candidate Wells

Candidate wells have a relatively low production rate ( < 1000m’/d) and
high water cut( >95% ). Wells with a risk of sand production or emulsifica-
tion must be avoided. The Eldingen field ,east of Hannover,Germany , has pro-
duced from a shaly sand-stone reservoir since the 1950’ s and meets the screen-
ing criteria. Well Eldingen-58 produces light oil from three consolidated-sand-
stone intervals that are in pressure communication. The reservoir pressure is ap-
proximately 72 bar at a 1460-m perforation depth. Production has been lifted by
a beam pump at 80 m’/d with 97% to 98% water cut. In preparation of the
DOWS installation,,a packer was set to isolate the top zone from the two lower
zones. The top zone was to be the producing interval and the lower zones the in-
jection interval.

Equipment Design

The downhole separator was designed in consultation with the equipment
supplies on the basis of reservoir and well data. The DOWS for Well Eldingen-
58 includes one hydrocyclone and two electrical-submersible pumps(ESP’s).
Fig. 1.1 depicts the downhole equipment and flow paths.

The high-water-cut oil flows from the production perforations upward to
the top of the motor shroud. The bottom of the shroud is coupled to the pump
housing by a fluid-tight seal, forcing all fluids over the top of the shroud and
downward along the motor into the pump. From the pump intake,all fluids are
pumped downward by the total-flow pump ( an upside-down ESP with a thrust
bearing at the top and discharge at the bottom ) into the hydrocyclone where
the bulk of the water is separated from the oil. The underflow of the hydrocy-
clone produces water clean enough for injection into the disposal zone. The o-
verflow, oil with the remainder of the water, flows through bypass tubes into
the concentrate pump for production to the surface. These three 20-m-long,
0. 9525-cm-diameter tubes that bypass the lower pump and motor are sized so
that erosion and pressure drop are minimal.

A common motor drives both pumps. This motor has protectors at top and

bottom, unlike a normal ESP. The motor is powered from the variable-speed

—_2 —



M $1E HTRE

Chapter 1 Downhole Equipment

drive at the surface through a flat cable,

. . . . —1— Tubing to surface
which is strapped to the tubing with metal _L

bands and cross-coupling protectors. With a

Concentrate pump

variable-speed drive and an adjustable sur-

face choke, the system can cover the expec- Motor upper protector
ted variability in injectivity and productivity. '-

The pump design depends om the Moo Hotor
flows and pressures required to lift the oil- i | || ——
rich stream compared with those needed to I Pusp insics
reinject the water. The push-through system -
used in Well Eldingen-58 is most efficient Total-flow pump
for dealing with the low reservoir pressure Bypass tubes

. A . . Producti
in Eldingen. This concept also avoids any g

Hydrocyclone

breakout of gas in the hydrocyclone. If the

Injection pressure sub

reservoir pressure is sufficiently high,a con- n

centrate pump is not needed. Alternatively, Separation packer and
locator seal assembly

the well stream may be separated before be-  ection

ing pumped; this so-called pull-through

concept can be applied provided the bubble Fig 1.1 Downhole equipment lineup

of well completion and flow
paths for Eldingen —58

point pressure is high enough to prevent
gas breakout in the hydrocyclone. In some
crude oils, the latter concept would avoid emulsions and poor injection-water
quality as observed in earlier DOWS trials with heavy oil.

Solids carried by the separated water are the biggest concern for sustained
injectivity. However ,the consolidated reservoir in Eldingen has little sand pro-
duction. For efficient oil/water separation ,the split between overflow and under-
flow of the hydrocyclone can be controlled by chokes. The oil-in-water content
in the underflow of the hydrocyclone should be 100 to 300 ppm. To ensure this
water quality into the disposal zone,a rule of thumb for DOWS is to keep the
surface water cuts lightly higher than 50% . The separation efficiency depends
largely on characteristics of the oil/water mixture, in particular oil droplet
size. Knowledge of the droplet-size distribution in oil-in-water emulsions down-
hole could enable better separation.

Technology Outlook

Well re-entry has not been required for corrective action on downhole e-
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quipment. The water is injected under matrix-flow conditions, and no sign of
permeability damage has been observed. Adjacent wells have experienced an in-
crease in fluid level and water cut. These trends result primarily from the influ-
ence of DOWS because these wells produce from the lower zones into which
Well Eldingen-58 is injecting. Despite favorable performance, the economics of
DOWS is still relatively poor. Assuming U. S. $15/bbl and a production-rate
increase of 30 B/D,payback time is approximately 1 year. Important factors in-
clude oil price, process-facility capacity, and an increase in tubing oil-flow ca-
pacity. Phasing well conversions in accord with increasing water rates also
would limit exposure of large up-front investments. The concept, developed o-
riginally for debottlenecking production facilities,is being upgraded with a more
efficient downhole separator aimed at reducing the infrastructure and facilities
for offshore fields.

Conclusions

Industry still needs to prove that down-hole separation is a reliable , cost-ef-
fective means to increase oil production from capacity-constrained facilities , po-
tentially lengthening the life of oil fields.

The downhole-separation concept,developed originally for debottlenecking
onshore facilities, has the potential to reduce the infrastructure and facilities of
offshore oil fields.

Evidence exists that water, separated downhole, can be injected under ma-
trixflow conditions, which may lead to significant power savings in water-injec-
tion systems if sustained.

Water-cut development in the Eldingen field indicates that DOWS should
be applied in reservoir configurations with flow barriers between producing and

injection intervals.

] Words and Expressions
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maintenance
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technical feasibility
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perforation
beam pump
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in accord with [@]ereeee ML, 5o —
aimed at BFAE; HAOTET

] Proper Names

Downhole oil/water separation( DOWS) HTF AT E

Eldingen field VIR T H

shaly sand-stone eApiR =y

electrical-submersible pumps( ESPs) EERET

pump intake (AL ZRm AN

total-flow pump SR

thrust bearing CAIL ] Syt [ AL ] 1k
R 7R

concentrate pump IR R

variable-speed drive [ HLAE A2 | o7
&l

bubble point pressure S ES

a rule of thumb 2L a7l

] Language Focus

1. Downhole separation offers an alternative to debottleneck constrained
water-handling facilities with potentially positive side-effects, such as more fa-
vorable conditions for separating oil from water,increased productivity as a re-
sult of better well hydraulics,reduced discharges of oily water,and maintenance
of reservoir pressure.

(BFFEL T B S AN IEE MR AL EGHIA P AR T B
KTz, pRETEFRAMNKFT S BERAEAT LETGFMF, Am
TAamERG =R BETHERES,)

A/a] 7 3= F &7 Downhole separation offers an alternative to debottleneck,
constrained A AE1H & iR UG H € 15 , 1B 1 debottleneck, such as J5 42 i
WiBH side-effects, H:r increased #1 reduced HAEIEIE hia/E &8 .

2. When wells are already pumped or when produced water is already rein-
jected ,downhole separation will be beneficial, particularly in wells where water
shutoff has proved ineffective.

(AEFL . SHCARBBR S TR K HITEEN, LEZEHK
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CARIEARRKGF T, TLBESHREFALY.)

A 4] ) F T J& downhole separation will be beneficial. when. .. or. ..
when. . . J2A when 5| 5 3% 6 [A] 4R 1E . particularly in wells where water
shutoff has proved ineffective f b & R & , H rp where 5| 5 %€ i M 1], & 1fii
wells.

3. These three 20-m-long,0. 9525-cm-diameter tubes that bypass the lower
pump and motor are sized so that erosion and pressure drop are minimal.

(AEFB: L THRRF Gk 3 AN EHAE A 20m K .0.9525cm
8 AR VAR R Ak Ao B A2 H] B RS

A 4] 1) F T & These three 20-m-long, 0. 9525-cm-diameter tubes are
sized , that 5| 35 i M) & i tubes so that 5|7 H AARIEM ]

4. The pump design depends on the flows and pressures required to lift the
oil-rich stream compared with those needed to reinject the water.

(BEFLAARBREARESLS G SR E GRS 5= EKTEH
IR A AT AR, TR &R )

Z</i) ¥ The pump design depends on the flows and pressures J& 3 /] ; re-
quired. . . KIF 15 3h A fE G B € 15, 16 ifi flows and pressures, compared
with those. . . HIEIEEshEI{ERIE , Hp those $51% flows and pressures,,

5. this so-called pull-through concept can be applied provided the bubble
point pressure is high enough to prevent gas breakout in the hydrocyclone.

(AEFABEENRB BN, INRERB LK RAE P8
M)

A/a]F T4 this so-called pull-through concept can be applied, provided
G ARAFRIE T, 3 BN, fiAr o

] Reinforced Learning

I. Answer the following questions for a comprehension of the text.

1. What is the function of DOWS?

2. What are the criteria of selecting candidate wells?

3. Why are these tubes that bypass the lower pump and motor sized?

4. What are the advantages of the push-through system used in Well Eldin-
gen-587

5. What are the biggest concern for sustained injectivity ?
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II. Multiple choice ; choose the correct one from the alternative answers

to give the exact meaning of the words.

1. Protesters found a novel way of demonstrating against steeply rising oil
prices.

A. story B. new C. fiction D. wrong

2. Police say they’re treating it as a case of attempted murder.

A. considering B. working C. watching D. handling

3. He never put her down or diminished her.

A. decreased B. looked down upon

C. discovered D. cheated on

4. Mankind have been trying every means to maintain the balance of nature.

A. keep B. contain C. attain D. captain

5. They had installed a new phone line in the apartment.

A. fixed B. named C. used D. placed

6. Our country has an enviable record on breast screening for cancer.

A. shooting B. searching  C. checking D. projecting

7. The two banks in this city will consolidate and form a single large bank.

A. separate B. reinforce ~ C. cooperate D. unify

8. He gulped down the remainder of his coffee.

A. left B. surplus C. recalling D. maintenance

9. Then they create new and better infrastructure ,as and when they need it.

A. basic facilities B. environment

C. house D. basement

10. The bulk of the funds are supplied by some of America’s largest and
most powerful corporations.

A. majority B. minority

C. mass D. number

IIl. Multiple choice ; read the four suggested translations and choose the

best answer.

1. When egg whites are beaten they can rise to seven or eight times their o-

riginal volume.

A % B. C. & D. hA

2. Business sponsorship must be a supplement to, not a substitute for, public

= § =
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funding.

A. b7 B. 3T C. ®Sh3EH  D. Fsg

3. By identifying the bottleneck,you identify which resource is limited.

A. TR B. FitR C. Bk D. Ji3

4. The government plans to make absent fathers pay maintenance for their
children.

A BEZT B. % C. 47t D. 773

5. We now need to test these results in larger studies to find if this could

lead to a potential screening method for the disease.
A. B. fifi it C. Jhmk D. [k
IV. Put the following sentences into Chinese.

1. Taking produced water out of the well stream downhole increases pro-
duction-tubing and process-facility capacity for oil and gas.

2. The top zone was to be the producing interval and the lower zones the
injection interval.

3. The bottom of the shroud is coupled to the pump housing by a fluid-tight
seal , forcing all fluids over the top of the shroud and downward along the motor
into the pump.

4. Solids carried by the separated water are the biggest concern for sus-
tained injectivity.

5. The separation efficiency depends largely on characteristics of the oil/

water mixture,in particular oil droplet size.
V. Put the following paragraphs into Chinese.

1. Recompleting the well has increased net oil production by 300% , while
net water production to surface has decreased by 64% . In the first year of opera-
tion, reinjection of water, separated downhole ,did not damage matrix permeabil-
ity ; however,a water-cut increase was observed in the project area.

2. The downhole oil-water separator is the core part of the downhole oil-
water separation system. On the basis of the structural configuration of the tradi-
tional static hydrocyclone ,a new downhole oil-water separator is developed. The
prototype test verifies the separation efficiency of the new separator. And the
test data shows that the separator can satisfy the requirement of downhole oil-

water separation.

— 9 —
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1.2 Maximizing Production with Permanent Down-
hole Sensors

i) Guidance to Reading

Permanent continuous downhole sensors enhance reservoir management,
optimization , and development. Efficient data management and analysis allow
operators to exploit the technology and extract more value from production da-
ta. Downhole sensors for scale and sand detection and advances in fiber-optic

technology can enhance real-time knowledge of dynamic reservoir conditions.

@ Text

Introduction

Permanent continuous downhole reservoir-monitoring systems have been
run in only a few wells. Cost, reliability, risk , environmental limitations, ardu-
ous data-evaluation processes, and lack of awareness have limited wide-spread
use of these technologies. New technologies for deployment and for data man-
agement and interpretation are making well monitoring more feasible. Significant
improvements have been made in extracting the value from the acquired data as
well as improving reliability and reducing environmental limitations.

Sensor Technologies

Primarily , sensors are used for measuring downhole pressure and tempera-
ture. New sensors are being developed to measure other physical parameters of
the downhole environment. Sensors are either electronic or nonelectronic. Recent
advances have yielded smaller, less-expensive, and more-reliable systems with
higher temperature and pressure ratings.

Electronic Systems. Most downhole pressure and temperature systems are e-
lectronic systems. Early electronic systems used strain-gauge technology for pres-
sure measurement, which has limited resolution and inherent drift prob-
lems. Current downhole-pressure-measurement sensors use resonating-quartz tech-
nology where the inverse piezoelectric effect induces vibration in the resonator
at its mechanical resonant frequency. This technology provides high accuracy
and resolution.

New manufacturing processes have improved both the reliability and rug-



