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UNLOCKING YOUR PERFORMANCE

Offshore Water Treatment Plant Optimisation and Chanical Trials
Using the Jorin ViPA

With their client experiencing serious oily watesparation problems and high overboard
discharges, Jorin were able to optimise the proodiicseparation train performance and
recommend optimal new chemical treatments and dies; within a matter of days, the process
had been fully characterised and several chemieatrhent regimes evaluated, the separation
process was restored to controlled operation amtboard discharges reduced to well within

target levels.

The Jorin VIiPA oily water quality monitor technolpgvas employed to complete a series of
chemical optimisations and trials more quickly avith fewer persons on board than would be

possible using conventional techniques. This papemmarises the key findings of the test.
Brief Introduction to ViPA Technology

The Jorin VIiPA, Visual Process Analyser, provides information on oil drop size, oil
concentration, solids size distribution and sotidacentration which is a critical set of data for
understanding and controlling produced water séjparaystems. ViPA analysers have been

operating successfully in diverse applications aditine world for more than 10 years.

The Jorin VIPA, is an on-line instrument that cae bsed for monitoring the physical

characteristics of multiple classes of dispersepatb within a given process stream or re-
circulating lab sample. In complex multi-phasetsyss these dispersed ‘objects’ may include
any mixture of solid (particles), liquid (dropletg)as (bubbles) or macromolecular (e.g. high
molecular weight polymers, micelle agglomerateg species. The VIiPA system uses image
analysis techniques and sets of user-defined qiseriparameters (such as shape factor and
optical density) to differentiate between the vasigpecies of objects present within a sample

and then outputs the physical information on eddhese independently.
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Scope of Work

Identify which part of the process is operating-sptimally and restore any equipment

to manufacturer’s design performance

Use the VIPA analyser for quick on-line demulsifeard/or water clarifier selection and

dose rate optimisation

Establish if asset’s wells produce any sand orsfiwkich have gone undetected by other

measurement methods

Establish if production team can in future perfaotelerated chemical optimisation and
plant produced water system optimisation in dayiserathan weeks to help free up and

optimise offshore bed space

Case Study

Figure 1 shows the process flow diagram for theta3$iere were various sample points utilised
throughout the survey; these were the Test Hyditoogc inlet and outlet (upstream and
downstream control valve), the Production Hydroogel inlet and outlet (upstream and
downstream control valve), the Bulk Oil Treaterleuand the Float Cell inlet and outlet. These

are shown in Figure 1.
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Figure 1: Process Flow Diagram

Test Hydrocyclone Performance

Two different wells were routed to assess the perémce on the test hydrocyclone. Well A was
in test until a little after 15:00 and Well B fdre rest of the trial period. When Well A was in
test, the average droplet size for the hydrocyciaofet was calculated to be 18 microns. When
Well B was routed through the test separator, thexe a 28% decrease in mean oil droplet size
and a 22% increase in water flow rate from Wellt/A8@16 bwpd to Well B at 4802 bwpd. This
resulted in poorer hydrocyclone performance, actdo from 36% to 30% efficiency. Figure 2
shows images taken from the ViPA flow cell windouwpstream and downstream of the test
hydrocyclone.
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Figure 2: Images taken from the Jorin ViPA flow cel window. Image on the left is of the test hydrocylone

inlet and image on the right is the test hydrocycloe outlet

It should be noted that this performance is sigaiftly lower than that expected from this type
of device. However, the measured flowrate throughvessel is less than a third of its design
capacity and consequentially there is a significeeduction in separation efficiency and a
likelihood of deposition of material and coalesanthese issues will be causative to the low

and negative efficiencies seen in Figure 3.
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Figure 3: Test Hydrocyclone Efficiency Graph for the 7" of May 2006
Test Demulsifier Optimisation

Figure 4 shows the reported oil concentrationsttier Test Hydrocyclone Inlet throughout the
demulsifier optimisation steps when Well C was astt Jorin believe that the high degree of
initial scatter in the data is due to a combinatbreffects, namely a new well being routed into
the test separator, causing control difficultieshef interface level, coupled with the demulsifier
being overdosed, at 19 ppm. It can be clearly skanthere is a positive effect on the olil in

water concentration when the demulsifier dosewat® reduced.

The measured flowrate through the vessel is less #éhthird of its design capacity and there is a
high likelihood of coalescence of oil droplets aetg. It appears that at lower chemical dose
rates the predominant effect is coalescence asdtr@rwhelms the apparent benefit, as seen on

the vessel inlet, of a reduced chemical dose rate.

The negative efficiencies reported by the ViPA supported by the lab samples taken. Initially
these negative efficiencies were thought to be rction of the hydrocyclone not being

backflushed regularly.
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A backflush was performed at 14:00 which causeditiet and outlet concentration to be
approximately equal but within 15 minutes of thekilsh, the outlet concentration was once
again higher than the inlet.
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Figure 4: Oil concentrations for the Test Hydrocycbne Inlet on the &' of May 2006
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Figure 5: Mean oil droplet size for the Test Hydrogclone Inlet on the &' of May 2006

Figure 5 shows the effect of the demulsifier cotiaion on the interface level and the mean oil
droplet size. Soon after the first reduction in désifier from 19 ppm to 11 ppm there was an
increase in the interface level, which providedirrease in residence time in addition to an

increase in the mean oil droplet size.

When the demulsifier dose rate was further redtieédppm, an immediate decrease in mean oil
droplet size was observed: however, the interfasellwas seen to continue to rise which
resulted in a reduction in oil concentration legvthe separator. The relationship between the
interface level and the demulsifier dose rate isfally understood and therefore the extent of
the reduction of the mean oil droplet size and eatration can not be clearly attributed to one
or the other.
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Figure 6: Test Hydrocyclone Efficiency Graph for the demulsifier optimisation on the & of May 2006

Effect of Test Separator Control Valve

The control valve on the test train was analysedetermine its effect on the mean oil droplet
size. The analysis started with Well B routed te tisst separator, and then at 07:14 Well C was
routed to the test separator.

It would appear that when the fluids produced fidfell B were being analysed the oil droplets
were coalescing downstream of the control valvewéier, as soon as Well C was routed to the
test separator a noticeable change occurred irstefitihe water flow rates and the % open of the

control valve, as can be seen in Figure 7.

When this change occurred the control valve she#nedoil droplets by an average of 3.2
microns. This could be due to either the changpratess fluids from different wells with a

different stability of emulsions or the % open bé tcontrol valve. The reduction in mean drop
sizes from 14 to 9 microns will have a significafitect on downstream separation efficiencies

and could potentially require an increase usagganifier to achieve discharge specifications.
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Figure 7: Effect of Test separator control valve orthe 7" and 8" of May 2006

Production Hydrocyclone Performance

Figure 8 shows the oil concentration of the producthydrocyclone inlet; along with the

production separator interface level. It can bagbat when the interface level increases, the oll

concentration decreases and vice versa; howeverd-it) shows the production hydrocyclone

inlet and outlet oil concentrations along with tedculated efficiencies, this graph shows no

direct correlation with the change in interfaceeleto the efficiency of the hydrocyclone. With

the average oil drop size of about 20 microns,hasva in Figure 9, the current hydrocyclone

liners were observed to be performing in line vakpectations.
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Figure 8: Oil concentration for the Production Hydrocyclone Inlet and Production Separator Interface level

on the 8" and 9" of May 2006
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Figure 9: Mean oil droplet size for the ProductionHydrocyclone Inlet on the 8" and 9" of May 2006
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Figure 10: Production Hydrocyclone Efficiency Graphfor the 8" and 9" of May 2006

Effect of Production Separator Control Valve

Figure 12 shows the effect of the Production seépareontrol valve. At about 03:55, the
demulsifier had stopped pumping as it had run dryitowas started again at 04:10. This caused
an upset in the system as shown by the variatidghannterface level and % open of the control
valve. The fluctuations lasted approximately 2 lscamd resulted in a high degree of variation in
downstream oil concentration. However, after Ogffcess conditions began to stabilise and the
production separator control valve was not recordesghear the oil droplets. Figure 11 shows
images taken from the ViPA flow cell window, upstne and downstream production separator

control valve.
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Figure 11: Images taken from the Jorin ViPA flow c# window. Image on the left is of the upstream ofhe

control valve and the image on the right is downstram of the control valve
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Figure 12: Effect of Production separator control \alve on the §' of May 2006
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Production Demulsifier Optimisation

For the demulsifier optimisation step, the two ViRAits were positioned on the production

hydrocyclone outlet and downstream of the bulkrester.

Figure 13 shows the oil concentrations for theeiutf the production hydrocyclone throughout
the demulsifier optimisation step. The processeims of the interface level, was more unstable

at demulsifier concentrations of 20 ppm and 5 ppm.

This evidence suggests that either 10 ppm or 76 wpuld be the more optimum demulsifier

concentration but more investigation is needeckterthine the precise dose rate.

Key:

A ® Demulsifier at 10 ppm (average oil concentratio®d=ppm)
B ® Demulsifier at 20 ppm (average oil concentratiol28 ppm)
C ® Demulsifier at 7.5 ppm (average oil concentratidsil ppm)
D ® Demulsifier at 5 ppm (average oil concentratroBs ppm)
E® Demulsifier at 10 ppm (average oil concentratiofb=ppm)
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Figure 13: Oil concentrations for the Production Hydrocyclone Outlet on the § and 10" of May 2006
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A further demulsifier optimisation step was cometetvhere a dose rate of 8 ppm was trialled.
Figure 14 shows the correlation between the oilceatration and the interface level for the
production hydrocyclone outlet. It can be cleaders that at 8 ppm there was poor control of the
process. Figure 15 shows the oil concentration dtneam of the bulk oil treater and the
correlation to the export BS&W, which supports 1pnmpas the best trialled demulsifier

concentration, as the BS&W improved when the deiffireisvas changed to 10 ppm.

Demulsifier at 8 ppm Demulsifier at 10 ppm
140 Average concentration = 56 ppm Average concentration = 37 ppm 70
120 . i w
T 65 d
- Q
S 100 Va1 1 1 £
E’ . oe o 0 g
* * =
g 80 - ‘0 * ’ 3 PR Y —
@ - « | 2
E ¢ :"" *e o : > S ’\?
i * o
3 60 . o . (DA b o . "’oo A :.;_ <
c e * o o MR £ . +50 o0
O X3 & o [y *
9 40 0’:0 .€ .’ R 0: :} . " 0:0:&0 . g
6 ¢ & L4 ¢ PR e P ‘.0 N € 5
20 4 . .“’o 00."‘ m,,e’ e 45 é
o
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 40 *
>
& S a ® & i v Cy
'\crb '\9 ']9 ']>‘(§o 'ﬂ/ (OQQ ‘OQN ")Qq/ ‘/)Qrb
N N % % N Time\/ N % N

Figure 14: Oil concentrations for the Production Hydrocyclone Outlet on the 13' and 13" of May 2006
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Figure 15: Oil concentrations for downstream of theBulk Oil Treater on the 12" and 13" of May 2006

Water Clarifier Optimisation

The water clarifier optimisation was conducted witie ViPA units located on the inlet and
outlet of the float cell both of which are downsime of the chemical injection points. Three
different chemicals were tested, Chemical I, Chairiicand Chemical Ill. Figure 17 shows the
solids concentrations for the inlet and outlet tlytoout the water clarifier optimisation steps.
The purpose of the clarifier is to promote the esaénce of oil into flocculated oily

agglomerates, these would be identified as soldghe ViPA and therefore the solids data has

been used to assess their performance.

Figure 16 shows images taken from the ViPA flowl @eghdow, upstream and downstream of

the float cell.
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Figure 16: Images taken from the Jorin ViPA flow c window. Image on the left is upstream of the flat cell
and the image on the right is downstream of the fiat cell

It can be seen that when Chemical Il was dose@.& dpm the float cell had the highest solids

removal efficiency of 74%.

Chemical Il did not perform well in terms of craag any solids flocs, as reported by the ViPA

in Figure 17.

The mechanical operating regime of the float celbwnaintained throughout the chemical trials

and to obtain maximum performance should be op#ichfer the chemical and dose rate in use.
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Key for Figure 17:

A ® Chemical | at 16 ppm

(Average inlet and outlet solids concentration € &144 ppm)
B ® Chemical Il at 12.8 ppm

(Average inlet and outlet solids concentration 3 &334 ppm)
C® Chemical Il at 9.6 ppm

(Average inlet and outlet solids concentration =634 ppm)
D ® Chemical Il at 8 ppm

(Average inlet and outlet solids concentration =8685 ppm)
E® Chemical | at 16 ppm

(Average inlet and outlet solids concentration 4 260 ppm)
F® Chemical lll at 6.5 ppm

(Average inlet and outlet solids concentration & 91 ppm)

G ® Chemical Ill at 9.6 ppm

(Average inlet and outlet solids concentration & 8 ppm)
H® Chemical | at 16 ppm

(Average inlet and outlet solids concentration 3 8239 ppm)
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Figure 17: Solids concentrations for the Float Cellnlet and Outlet on the 11" and 12" of May 2006
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Lab and VIPA Data Correlation

Figure 18 shows the correlation between the oil water concentrations as analysed by the
offshore laboratory and the corresponding ViPA qetimts. It should be noted that the timing of
the two corresponding samples were as near to sinedus as possible; and the sample points

were located in the same area of the process lretma¢ common.
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Figure 18: Lab and ViPA correlation without Test hydrocyclone Downstream Control Valve and Float Cell
Outlet
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Conclusions

The Test hydrocyclones were performing sub-optiynatld the number of liners in use required
optimising in accordance with their manufactureesommendation for flow rate range. Closing
sections of the pod matched the installed linethédflowrate of the water cut of the wells being

routed to the test separator.

It was found that the test level control valve whearing oil droplets under certain flow regimes

and lead to difficulty in downstream separation.

The oil concentration in the outlet of the prodantiseparator was sensitive to interface level.
Efforts were made to minimise the variability obtinterface level, additional monitoring may

be required to maintain this.

The production hydrocyclones performed with an ager efficiency of 76%. The mean oil
droplet size feeding the hydrocyclones was in excé21 microns, reference should be made to
the manufacturer’'s specification and an assessmade regarding the expectations for

performance.

The ViPA recorded that the production separatoitrobivalve did not have a significant effect

on oil drop size.

The effects of variation of type and dose rateehdisifiers and clarifiers were established. The
optimum demulsifier dose trialled in production wid@sppm which resulted in enhanced process

separability and improved BS&W.

The optimum water clarifier chemical and dose thas trialled was Chemical Il at 12.8 ppm.

The efficiency of the float cell would be furtherf@nced by optimising its operating parameters.

VIiPA identified the solids present at each sampliefto be of a low level with the exception of

the oily agglomerates measured at the float cell.
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A team of 2 engineers were able to characterisgitbduction separation process and test and
evaluate 20 chemical dosing regimes in 8 days tfeatesting using ViPA technology, reducing
the planned test activity by 13 days, resultingeduced persons on board, fewer helicopter
movements, obviating the requirement for sampl@mbnts onshore and reducing personnel
exposure to the process and hazardous chemicale attiieving the goal of regaining good
process control and reduced discharges to theamagnt.
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