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Solids in produced water

Solids are mainly produced sand, scale, and corrosion products.
Solids should normally be handled in dedicated treatment units.

In most cases jetting water and associated solids are treated
separately from the main produced water stream.

Separated solids could be re-injected, treated to achieve discharge
guality, or sent onshore for disposal.

Anyway - a large amount of solids could follow the produced water
stream, and often cause worsening conditions for the produced
water treatment system.




Typical produced water treatment system
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Both 1st stage separator and degasser have
jetting system.

Jetting system includes a “water flushing
system” pressurized through several nozzles
In the bottom of the separator in order to
remove solid deposits to the jet-water outlets.
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Hydrocyclone efficiency far lower than expected (50%)
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Degasser efficiency relatively low and large variations (10 — 40%).




Online OIl -in-Water monitor - discharge to sea

EDnIine Qil-in-Water measurements [ppm oil discharge to sea] :
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Online OIW shows very large and fast variations between 5—-40 ppm
What could cause this?




Problem evaluation

Aspects verified during a typical produced water mapping showed:

Significant variations in water level / flow rate? No.
Injection of chemicals stable and acceptable? Yes.

Hydrocyclone efficiency good? No. Very variable

Droplet size distribution difficult? No.

Degasser efficiency stable and good? No. Very variable

Visual water samples clear? No. Some clouded,
others transparent.

Online OIW monitor stable reading? No. OiW monitor claimed
to be wrong.

experience from other installations told us that such online OIW
oscillations could be caused by fine particular solids.

Focus was then given to the jetting system and the jetting procedure.
The examination revealed that jetting had not been conducted during
the last two months due to some equipment changes.




Solids build -up — possible problems

1% stage separator

short distance downstream.

fines.

Largest particles will probably just move a

Smallest “fines” will be carried with the
produced water as a “particle-plug” with

Solid production and solids build-up in the
separator during normal production.

Solid piles either reaches the “avalanche-
angel” or a sudden slug could release a
particle avalanche.




Solids buildup - possible problems (cont'd)

Most of the fines follow the produced water through the hydrocyclone
giving poor efficiency for a shorter period (short retention time). Erosion

can be a huge problem.

The fines will probably “cloud out” in the degasser and will both reduce
the oil droplet ability for coalescence and flotation due to steric
stabilization and contrary movement.

Degasser




Online OIW to sea after jetting

] k T - Online Oil-in-Water measurements
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Online OIW after jetting shows lower and stable values about 5 — 10 ppm
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Solid contents In produced water before /after jetting

Sampling of solids is a challenge. Typical
tools include a combined particle cyclone and
filter unit that enables on-line sampling and
concentration of solids, primarily from
produced- and jet water outlet streams. This
method can be used on a large water volume
for increased accuracy.

Solids in produced water (mg/liter) d/s 1t stage separator before/after jetting:
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Thermography of 15t stage separator before /after jetting

According to thermography results after conducted the first jetting, the
solids build-up was difficult to remove.

However, after frequent jetting over a time period the separator profile
was acceptable:




Erosion on hydrocyclone liners
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‘ The main reason for poor hydrocyclone efficiency.
All liners had to be replaced.
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Rupture caused
by erosion




Online OIW to sea several months later

The frequent jetting and other water treatment optimiz ations gave
even lower and more stable values from the online OIW | now
varying between 3 — 6 ppm.
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Discussion

In this case the online analyzer proved to be a useful tool in the
diagnostic process, but at the same time the analyzer caused a lot of
frustration for the operators due to the instability (5 — 40 ppm span).

Is a sand detector (clamp on instrument) sufficient reliable for sand/fines
control? In this case where all hydrocyclone liners were eroded, it might
be questioned.

It could sometimes be hard to obtain acceptance on the impact of
particles and fines.

Fines seem to reduce the flotation process in the degasser due to steric
stability. Could this be the case for many acceptable but still average
working degassers? Difficult to verify.

Have jetting equipment (nozzles, valves and system structure, jet water
treatment system) and jetting procedures (sequence and
frequency) sufficient focus?




Conclusion

Presence of particles and fines may deteriorate produced water quality,
both by erosion of equipment and by hinder oil-oil droplet coalescence
and/or olil droplet-gas bubble interaction.

The negative influence from particles and fines may be difficult to verify,
careful process mapping required.

Online OIW monitor a useful tool in process diagnosation.
Jetting equipment and jetting procedures require increased focus.

Presence of particles in the process should be accounted for in process
design, process modifications, and operation.
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