
Walnut shell filters have been used commercially to
remove free oil and suspended solids from water

in refineries and in onshore produced water processing
for many years. 

These types of filters are typically used as part of an
overall treatment train as a tertiary separation piece of
equipment following upstream oil and suspended solids
removal technologies. In typical walnut shell filters,
water is introduced in a downward flow through a bed 

of walnut shells, where oil is adsorbed and suspended
solids are filtered. Walnut shells, specifically black wal-
nut shells, have a unique property in that they have an
equal affinity for oil and water. 

This makes it possible for oil to be captured on the
surface of the shells and then scrubbed off during a
backwash cycle, allowing oil to be captured for reuse.
During forward flow operations where oil and solids 
are being filtered, the system typically is pressurized, 
and the water is forced through a bed depth of walnut
shells sufficient to achieve the desired performance. 

A redesigned filter is now capable of being adapted
for both onshore and offshore applications.

Pilot unit
A pilot study conducted at a Stewart
Environmental Consultants, LLC pro-
duced water treatment facility in Col-
orado was carried out to validate the
robustness of the redesigned filter’s
internalized backwash system while
examining the effects of flux increase
from 13.5 gal/m/sq ft to 20.25 gal/m/sq
ft on the performance of the filter. 

The pilot unit included an internal-
ized backwash system that requires no
moving equipment. During the filtration
cycle, dirty process water passes through
the filter from top to bottom. Free oil
and suspended solids are removed as 
the water passes through the walnut
shell medium. 

The pilot is a two-vessel system with
each vessel being 0.6 m (2 ft) in diame-
ter. Each vessel holds approximately 
700 pounds of black walnut shells. The
full pilot system is capable of treating
1,440 to 5,760 b/d of produced water 
at flux rates ranging from 13.5 to 27
gal/m/sq ft. The pilot required electric-
ity, instrument air, and scrub gas for
operation. 
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This figure shows the influent and effluent total oil and grease results at 13.5

gal/m/sq ft flux rate. (Figures courtesy of Siemens Industry Inc.)
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Test conditions
The test conditions included a comparison between 
oil and suspended solids loading when operating the 
system at a flux rate of 13.5 gal/m/sq ft and 20.25
gal/m/sq ft, validating the recovery capabilities of the
newly designed internalized backwash system and evalu-
ating the particle size removal efficiency of the system.
The pilot was operated at the test site from April 27 
to July 9, 2010, and typically was in operation 24 hours 
a day.

For the purposes of the study, the following
lab and field analytical methodologies were
used:

• Total suspended solids content was analyzed
by a filtration method through a weighed
standard glass-fiber filter when the residue
retained on the filter was dried to a constant
weight at 103 to 105˚C (217 to 221˚F);

• Total oil and grease content was analyzed 
by extraction with n-hexane followed by
gravimetry as the determinative technique;
and

• Particle size characterization and distribu-
tion were completed in the field using a
Jorin visual process analyzer, an online
instrument used to monitor particle and
droplet sizes and 
concentrations.

Flux rate comparison 
For the first eight days of the pilot study, the sys-
tem ran at a flux rate of 13.5 gal/m/sq ft to
obtain background data on oil and solids
removal based on the flux rate of the previous
generation of the technology. For the remainder
of the study, the system operated at a flux rate of 
20.25 gal/m/sq ft while other stress test conditions 
were evaluated.

A comparison was made between the influent and
effluent water at the two flux rates. The background 
flux rate condition at 13.5 gal/m/sq ft was run from
May 11 to May 17, 2010, while the comparative test con-
dition at a flux rate of 20.25 gal/m/sq ft was completed
between May 18 and May 31, 2010. During these test
periods, the only modification to the system was an
adjustment to the higher flux rate. All other conditions
remained constant. 

The average results confirm the increased flux rate
was not detrimental to overall removal efficiencies of the
system. At either flux rate, the effluent quality is mostly

under 5 mg/L of total oil and grease and total sus-
pended solids. 

Particle size removal efficiency comparison
Some comparisons were completed at both 13.5 and
20.25 gal/m/sq ft flux rates during the pilot study. 

The data indicate that in the evaluation of test condi-
tions at either flux rate, the walnut shell filter removed
all particles greater than 20 microns. The majority of the
remaining particles were smaller than 10 microns. 

There appeared to be only a slight decrease in removal
in the 11-20 micron particle size range when the flux was
increased from 13.5 gal/m/sq ft to 20.25 gal/m/sq ft.
The expectation going in was that removal efficiency
would decrease across all particles classes, but this was not
observed in the comparison. When evaluating at either of
the flux rates, greater than 99% of all oil droplets or sus-
pended solids were removed by the system.

The results showed the Siemens Monosep high-flow
walnut shell filter pilot system was able to consistently
treat the produced water at the pilot site, with the filter
pilot system effectively treating produced water of vary-
ing concentrations and flux rates while exhibiting suc-
cessful backwash recovery and bed holding capacity.

There was only a slight decrease in removal in the 11-20 micron particle size range

when the flux was increased from 13.5 gal/m/sq ft to 20.25 gal/m/sq ft.


