of the hydrocyclone tech

logy 1o be discussed In this

pressure operation,

systemas for primary production separation.

duced pressures.

field tests have been conducied to evaluate the sbillty of the
1o make bulk olwster separations. Results have shown
gh water cut prod tion, hydrocych Y bulk
o lass than 1000 ppm oll In the water stream and retum &
ofl (= ly, In systems with a relatively low
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ADVANCEMENTS IN LIQUID HYDROCYCLONE
SEPARATION SYSTEMS

and R.Z Hansen, Conoce Inc., Vortoile Separations Division

INTRODUCTION

The deolling hy yclone provides a cost i thod to handk
[ ing water producth botilenscks in many p i

mmmu m.mkmnmw.mhuln
many i Jliowed op mhmwm-mmm
and rates, thus ing oll producti di

The ability 1o operate hydrocyclones &t lower pressures, with
the associated space and welght savinga, offers greater spplication of
the technology for older p duction with the potenti | of extending field
[He. Using comectly designed centrifugal pumps to elevate fesd
tihe S A L

pr is & cost sffective option ¥ p is q

The application of hyd ych hprllmryupunﬂonhnmbun
tested in an attempt to further k production p ing capacities
over co J equipment potentially | oil reserves.
Typically, expanding p pacity of producti Is cost
prohibitive due to limitations on platiorm space. Hydrocyclones for bulk
alm;-punsomunbomdb‘ tically | p

wmmwm

Mw[ovummﬂhll&um-dgwm
creating significant droplet shear.

nmhmunlit.pm:mNan-m«m- hydrocyclone
gentially under p .‘lhlhloldumblf.mtudh
mw.wmmhm'uuh. As the fluld is
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lm«dwnhﬁm.hmmmwuummhm
hmnMemmhhmlmm
the high centrifugal forces required 16 separate the oll and watsr. This

rapid leration is then maintai d in the fine taper section, designed
1o offset trifugal and frict

2 Ln

&muwmmmmmmmmlh-ww
the wall of the taper section. This in turn dispiaces the lighter oil phase
to form a low pressure central core. The outer water annulus passes
into the tail section and exits via the water outlet.

By applying back p to the d eam outlet, the low pressure
oil core can be made to direction and flow t 1o the
water straam. The oil core can then be removed separately through an
overflow outlel centrally located in the back wall of the inlet section.

HYDROCYCLONE SYSTEM DESIGN

Befora di g g In hydrocyeclone design, It is import
hw-um\dmwep«wplcﬂbndhhchmlogylndwmm
design In order 1o maximize separation efficlancy.

Previous work has shown that pr dropa typlcally encountered in
production process such as control valves can significantly
reduce the droplet size of the process fluids.(1) This in turn resuhts in
lower separation effici Hyd ! are unique In their ability to

treat produced water at high pressures. This the device 1o
pressure where significant

parate oll droplets prior to reducing syst
droplet shear occurs, and thus aftain higher separation sfficlency.

This Is contrary to most ntional treating methods which operate at
low pressure, downstream of significant pressure drops that can shear
ofl droplets. This crestes a more difficult separation, typleally requiring

the use of chemicals to repalr damage done by reducing system
pressure.

Tha other sspect of the hydrocyclons is its abillty to coalesce, In most
cases, the very small oll droplets that are not effectively removed in the
hydrocyclons, tend to be coalesced. This effect can be utiiized by
Installing a low retention time, skim tank st the discharge of the
hydrocyclons. A p diag howing a typical Installation is
shown in FIGURE 2.

With the reduced pressure downstream of the hydrocyclone, dissolved
gas s lib d from the produced water. The gas bubbles then attach
1o the coalesced oll droplets and float out the residual ofl. In many
instances, this process can provide an sdditional 50% oll removal,

ENHANCED HYDROCYCLONE PERFORMANCE

The Vortoll liquid hydrocyclone geometry is based on research work
conducted at Southampton University in England in the late 1970's
under the direction of Martin Thew. During the past several years,
Conoco has undertaken an extensive ressarch program to examine the
operational ¢ ters and major g ic components in order to
plimize the hydrocyc) system. The test program Included the
following parameters:
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Dropiet Size * Inlot Area
Temperature Nominal Diamaeter
PNM Geometric shapes
ssure
Diameter Ratice

The results of the test work has bk P
Introduce an oplimized g y which has a model designation.
liner. Upon selecting the appropriate g i .
comparison was made between the K liner and a

design. The units ware compared operating side by side while ¥
P ion and droplet size. A schematic of the teat faciley
Is shown in FIGURE 3,

Comparative results shown in FIGURE 4 indicate the psrcent -
in efficiency of the K Liner over the 35 mm units. In this particular jes
the two units were operated using a feed droplet size of § and 1§
microns, The results show that over the operating pressure -
testod, the K liner shows a 10% to 25% increase In efficiency al the
micron drop size. At the smaller 9 micron drop size which reprasants
& more difficult separation, the K Liner is 22% 1o 55% more efficlent,

This is more significant at the low diffarential pressures (below 20
where the K liner efficiency is dramatically higher. R should be noted
MMhﬁdehwmw*.
indicate only relative efficiency between the unlts under thoss
conditions, -

TABLE 1 lists saveral fisld tests conducted using the K liner. The tabls.
also lists comparative data with a 35 mm unlt where avallable, The
results show in all cases a significant reduction in the outiet ofl content

with
The results show the significant oll reduction that can ba using
a low retention time, ofl skimming device. o

Recent fisld testing at the Petrobras Vale do Paralba Redfinery with the
"K' Liner has given very good results, The unit was tested lor I8
capabllity to de-oll the water effiuent from a desalter . The watet from
the desalter had an ofl content ranging from 1,000 to 760,000 ppm. The
higher concentrations were artificially crested by lowering the oll walst
interface leval in the desaher in order 1o sl upset conditions. Fot
Inlet concantrations of 1,000 to 5,000 ppm, ofl separation efficlency wel
above §7% and for inlet concentration above 30,000 ppem, the efficlency
was above 99.9%.

LOW PRESSURE OPERATION

Low Pressure operation of hydrocyel can be addressed In W0
ShinE o

Hydrocycione Operation
The test results described above show that the K finer is efficlent 8




low as 15 psig. Generally the absolute dl'lehmy ot the

temp and d 1 size of
21 2 idered that, i under certain
_.u hydrocyclons outiet does not meet the discharge
he combined system sfficiency using a downsream skimmer

festing has been thods to pump
fluids without creating significant droplet shearing. As
id before, any significant droplet shear will affect the separation
ids. Previous work conducted on low shear pumps reported
se of progressive cavity pumps offered a low shear method of
'lyﬂom pressure.(2) Allhnugh 'lhh hu proven a qaod
solution, the cost and P p ol prog

smps has led to further i tigation for a simple, low cost

it cost effecth thod was d d to be ugal p

te widely used in the Industry. A cooperative lest pmgmn wu
with & major pump A o d ine the op

ol centritugal pump for low shear operation.

sund that by limiting the pump head and correctly sslecting the

| type, diameter and RPM, low shear pumping could be

id. The pump was tested by measuring the droplet distribution

nlet and outlet of the pump using crude oil under controlled

and droplet conditions. The pump was tested st various
to find the opti perating conditions,

E 5 shows typical results where the change in droplet size across
Is measured at various flowrates. This depicts the change in
¢ concentration of droplets at or below the ranges indicated as
at the Inlet and outiet of the pump. A ratio of 1 would
no change in droplet size while a ratio of .9 indicales & 10%
in droplet size sl the outiet.

s show that although there is & reduction in dmplul sin for
2ron range, there is only a small change in 5 mi

r droplels are most diﬂ'vcullw separate and would Mur be
cation of the hydrocyclo it can be concluded
8 minimal shear that takes plncn would have only a small impact
# hydrocyclone efficiency.
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parsior operal Ity while & flow bypass ls provided from the
outlel of the hydrocyc! which recycles part of the flow upstream of
the pump. A p ntrol valve istes the fluid bypass as the

Mmdﬂubmmﬁmpmmouﬂwmm

throttling.

Th-ndd-d* ‘_o‘ﬁh,' Is that the recycled fluid will
dly pass th h the hydrocyel whaere further separation can

tnhpilen mmpmhMWMdm

systam.

AIM. SEPARATION NI

The compact, modular design of the deoiling hydrocyclone allows
sconomic upgrades in water reating capacity. This lddnlond capacity
allevintes limitations in the water i
process capacity. This moves the process bonlmkupw-mhh
primary separation squipment
mmmmmm«umd-hnvmwdmm
hnology s Its adaptation into primary oll water separation. The use
dhyauysbmhpﬁmelmupmmnnhullﬁdn

ks and can duction rates
imn ulnllih fislds or other reservoir management progrum such as
walter floods. Processing higher fluid vel can p

fisld (e and recoverable reserves.

Thc-ppscmndhydroeymlnhul:dwnmuwﬂmmho
separated into two functi parstion and Dehydrati

Preseparation

In Preseparation, the hydrocyclone removes bulk water in high water cut
production, typically above 50% umvr. Iuvlng a relatively dry oll stream
that can be dehydrated in s tor, The water str

from the Preseparation hydrocyclone contains & relatively low
concentration of oil, typically less than 1000 ppm, which can bs Ueated

using ¢ jonal deoiling lechnology.
Flguu‘rmnwuu a conventional thres phase mmmmt
i ity has been ded due lo an i d waler

flow rate, wmwammmummso,mw
to 40,000 bopd. Al the same time, water rates have increased from
nmwwlmmm This represents an increase In

| followsd by Voroll hydrocyclones. The
clo aymm i currently handling inlet concentrations
g 300 1o 500 ppm with the hydrocyclone outlet averaging less
20 ppm. The low outlet concentration is & clear indication that
shear Is taking place in the pumps,

#ss Control

toduction process sysiems where vary ty, it is
1o provide a wide range of flow control. This has led to a
ign for pumped syst #s shown in FIGURE 6. The test
s showed lhe ururi!ugll pump is best operated at a constant flow
ize droplet shearing resulting from process back pressure.

he system shown, the pump and hyd I are designed to
e st the maximum system flowrale. Lwol control of the upsiream

p ion fluids of approximately 70%.
idence that properly designed centrifugal pump sy can
je low:honhubnnsminmidlmhhﬂom Most recently, Ono Iution 1o this ir in production fluid using a Preseparation
'... hore p d walet syslem was issioned s sh in Figure 8. In this process, the primary

np-ulnc is converted 1o two phm epulﬂnn. ‘I"I'n fluids are degussed
and then p d in the Presep where the
Mﬂmmwmrunmmd. 'I'Mupmdwllorllthm
p dinac ional deolling system.

The ol str from the Preseparati may contain up to 20%
muwmmmuumwmmmwmw
dehydration. The second uug- separstor can eflectively dehydrats the
erude oil as Rt is now operating within Its original design conditions.

Dehydration

The Det jon hydrocyclone has been adapted to Idual
water {lyplenltf Iulmmﬁmhnmﬁoﬂwamm The
unit will provide an oll stream that Is less than 1% BSA&W speciiications.
The waler will tain some residual oil which can then be
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irculated to the upst P of sent 1o a second slage REFERENC]
separator, :
1. Flanigan, D.A., Stolhand, J.E., Scribner, M.E., Shime
Figure 9 shows a three phase separation p In which producti Size Analysis: A New Tool for Improving Oiffisld Sep
rates are forecast to Increase from 90,000 bpd to over 130,000 bpd, 18204, 63rd Annual SPE Conference, Houslon, TX, 0

Based on existing separator designs, it is expected that pipeline BS&W
will increase up 1o 10%. In order 1o maintain pipell

pip specifications of 2. Flanigan, D.A., Skilbeck F., Stolhand J.E., Shimods E:wy
1% BS&W, a Dehydration hydrocycions Is installed on the discharge of Shear Pumps in Conjunction With Hydrocyclones
the mainline oil pumps as sh in Flgure 10, Perdormance in the Cleanup of Low-Pressure Produced W,
18743, 64th Annuel SPE Conl , San Antonla, TX,
1589,
The Dehydration system provides an ical solution whers the

excess waler ls recycled lo the primary separator where it Is offectively
removed. The dry oil stream is fed directly 10 the axpont pipeline.

CONCLUSIONS
As the oil industry strives to meet Incr

atrl
more g

o'y

regulations and impror p In rain times, the
Vertall hydrocyclone technology continues 1o provide cost effective
solutions,

The hydrocyclone offers a pact, ie oil’water separati
tystem capable of handling Increased production rates while
simullaneously improving i ental perl Through cost
aflective p ! duction systems are able to produce

beyond their urlglﬂJ design life. The hydrocyclone equipment costs
are more than offset by the higher revenues from increaaed oll reserves.

Table 1, K Liner Field Test Results

35mm | K LINER
INLET | OUTLET | OUTLET | Dev

LOCATION {ppm) (ppm) (ppm) (ppm) | EFFICIENCY DESCRIPTION
TULLOS, LA 520 as 20 96.2% (PUMPED, REINJECTION
EAST CAMERON, LA. 82 10 87.8% |40 API, OFFSHORE GOM
WEST DELTA, LA, 91 25 n 87.9% (37 API, OFFSHORE
RANGELY, COLORADO 124 27 17 86.3% |COZWATERFLOOD
NORTH SEA 280 39 19 93.2% |NO CHEMICAL INJECTION
NORTH SEA 880 73 22 97.5% |W/ WATER CLARIFIER
SHIP SHOAL, LA. 560 180 as 93.8% [LOW TEMP 80 F

———
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CONCENTRATED
OIL REJECT e

Figure 1, Liquid — Liquid Hydrocyclone
Principle of Operation

"Three Phase

-Separato = '1| = Gas
............ |
.......................... l
|
|
Hydrocyclone }—p Clean Water
.................. Outlet
Downstream
Oily Reject En"hancerx:ent
Vessel

Figure 2, Hydrocyclone DEV Process
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Gas

Production p——pfi
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Test Separator —{><}—
34 API Crude
1.04 5.G. Water|.. " |<}—=
110 °'F LA <

Figure 3, Hydrocyclone Test Facility
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Figure 4, Relative Efficiency Increase
K-Liner vs 35mm
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Figure 5, Centrifugal Pump Efficiency
Droplet Size vs Flowrate
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Figure 6, Hydrocyclone Pump Process
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Yell Fluids w

(Design Capacity) \"“}
50,000 BOPD .
50,000 BWPD

50,000 BOPD
10,000 BWPD

40,000 BWPD To Deoiling

Hydrocyclones

9,500 BYPD _ To Deoiling

Po
50,000 Bop
500 BWPp

Problem: Increasing production rate (and water cut) to
40,000 BOPD, 100,000 BWPD causes increase in

export B.S.&T.

Figure 7, 3—Phase Conventional ‘Separation Train

Well Fluids
40,000 BOPD
100,000 BWPD

40,000 BOPD

40,000 BOPD
100,000 BWPD

10,000 BWPD|

Preseparator
Hydrocyclones

90,000 BWPD

s To Export

Figure 8, Preseparator
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40,000 BOPD
400 BWPD
9,600 BWPD _ To Deoiling
" Hydrocyclones
To Deoiling
Hydrocyclones
Application




50,000 BOPD I——-—To Export

10,000 BWPD 50,000 BOPD
5000 BWPD

9,500 BWPD _ To Deoiling
Hydrocyclones

30, 000 BWPD__ To Deoiling
Hydrucyclonas

Problem: Increasing production rate (lnd water cut) to
50,000 BOPD, 80,000 BWPD causes increase in
export B.S.&W.

figure 9, 3—Phase Conventional Separation Train

Dehydration
Hydrocyclone

20,000 BWPD [rie
BOPD |
BPD |

60,000 BWPD ::f:i“”‘:

52,500 BOPD e
’ To Export
30,000 BWPD 33 | 50,000 BOPD
X1 500 BWPD
oo
. . ey
r ]
To Deoiling B oo 2,500 BOPD
Hyd oy 8 ocyclones ’
ydrocyclone PRESNY 9,500 BWPD

Figure 10, Dehydrator Application
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