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tion.  Pielkenroad Separator Company thereby acquired 
the right to market the cross flow design but had to 
change its corporate name as the original license 
agreement included the right to use the Americanized 
version (Pielkenroad) of the Pielkenrood name.  Pielken-
road Separator Company (PSC) then changed its name 
and thereafter operated simultaneously under the two 
names of Pacesetter Separator Company (PSC) and 
Purification Systems Company (PSC) while continuing to 
answer the telephone with “PSC”!  What games people 
play. 

WEMCO 
Both PSC companies were sold to WEMCO in the-mid 
1980s.  Incredibly, WEMCO immediately abandoned the 
excellent cross flow design instead opting for a hybrid 
separator design which uses oleophilic polypropylene 
and PVC components, both of which are variations of 
trickling filter media.  This novel design was far less 
costly to manufacture, undoubtedly the driving force be-
hind the design change.  Because of the use of oleo-
philic polypropylene, the WEMCO design performs at 
best for but a short period because: 

1. The oily sludge particles stick to polypropylene 
plastics like flies to fly paper.  WEMCO sales litera-
ture states that "polypropylene also repels water, 
which aids the downward flow of sludge, thus re-
ducing the chances of sludge fouling."  Virgin poly-
propylene does repel water but the polypropylene 
in a slightly used oil/water separator acquires a 
thin layer of oil on its surface which thereafter acts 
like a wick in attracting oily sludge particles much 
in the same manner as a magnet attracts iron fil-
ings.  Thus the WEMCO design, contrary to its 
sales representations, is susceptible to rapid plug-
ging of solids. 

2. Because of the multiplicity of flow passageways 
through the separator media, the absence of lami-
nar flow is a certainty.  As solids tend to accumu-
late within the matrix, increased hydraulic turbu-
lence must occur thereby further reducing process 
performance. 

The WEMCO design as well as a plethora of other sepa-
rator designs uses the term "coalescence" in referring to 
their particular product.  This word has taken on a highly 
positive perception of unmatched oil/water separator 
performance within the industry.  Almost without excep-
tion, however, the word coalescence is incorrectly used.  
The term means particle size growth.  On a much-
enlarged scale, rolling a snowball down a hill to form the 
base of a snowman is an example of particle size 
growth.  It is an important element in particle separation 
technology because the rate of separation of a particle is 
directly proportional to the square of its diameter.  
Therefore, the greater the coalescence the faster the 
rate of particle separation.   

Coalescence was first used to describe the benefit as-
sociated with the use of corrugated plates rather than 

flat plates.  Separated particles on a flat plate exhibit 
minimum coalescence.  By minimum coalescence is 
meant to describe that coalescence which occurs in the 
direction of particle migration by a larger particle migrat-
ing faster than a smaller particle.  The larger particle 
overtakes the smaller particle and joins it to form an 
even larger particle.  This single level coalescence on a 
flat plate is shown in Figure 26. 

 
Figure 26 

In a corrugated plate separator, however, particle coa-
lescence is achieved in two directions - - the direction of 
particle separation as well as the direction of subsequent 
particle migration.  As rising and settling separated parti-
cles migrate along the inclined corrugated plate they 
gradually slide into the trough where they continue to 
migrate to their ultimate destination. This double coales-
cence phenomenon is shown in Figure 27. 

Double coalescence occurs equally with both rising and 
settling particles.  This is illustrated in Figure 28. 

Flat plate separators are used almost exclusively for sol-
ids/liquid separation applications whereas corrugated 
plate separators are used for both oil/water and sol-
ids/liquid separation applications.  The solids/liquid 
separation market is industry driven by process per-
formance criteria whereas the oil/water separation mar-
ket has been exclusively driven by low price.  Conse-
quently, solids/liquid separators generally work whereas 
oil/water separators generally perform poorly, at best.  
Many oil/water separator manufacturers resort to false 
claims in order to bolster the perception of performance 
whereas the true motivation is to cut costs. 
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 Figure 27 

 
 

Figure 28 

Most of the abuse occurs in connection with the use of 
inexpensive oleophilic polypropylene plates, and so-
called coalescer elements that consist either of polypro-
pylene filaments and mesh type devices or perforated 
polypropylene tubes.  All of the above oleophilic compo-
nents exhibit a physical attraction for oil and therefore 
achieve its removal through adsorption rather than grav-
ity separation.  Removing oil through adsorption is un-
derstandably quite effective for but a short time only.  As 
the polypropylene device reaches its adsorption limit, no 
more oil removal occurs. Also, suspended solids can 
prematurely plug these devices. Once saturated or 
plugged, the device must be removed and replaced, as 
cleaning is virtually impossible. Customary user practice 
has been to remove the device only, foregoing some-
what expensive replacement. 

Because of the widespread and consistent misuse of the 
term coalescence, it has acquired a meaning different 
from its correct meaning.  Correctly used in particle re-
moval technology, it applies to the enhancement of par-
ticle size through the use of non-oleophilic corrugated 
plates.  All other uses of the word are an obfuscation of 
the true scientific principle at hand.  Therefore, if used 
incorrectly, exercise extreme caution regarding the true 
particle growth technology claimed. 

AFL Industries 
In 1976, Chicago based AFL Industries introduced a 
novel oil/water separator product line called vertical tube 
coalescer (VTC) which featured the use of a multiplicity 
of vertical perforated polypropylene tubes.  See Figure 
29.  

 
Figure 29 

VTC oil/water separators could perform well for but a 
short time because: 

1. As the oleophilic tubes become saturated with oil, 
the oil removal ability of the unit disappears. 

2. As the small orifices in the tubes became plugged 
with solids, hydraulic flow would bypass over the 
top of the tubes. 

The sales literature was skillfully prepared to portray a 
well-engineered product line.  The U.S. Navy was fooled 
to the degree that the VTC units were included in their 
guide specifications with the title "Packaged Gravity 
Oil/Water Separator" even though its actual mechanics 
of oil removal was based on adsorption rather than grav-
ity separation.  The U.S. Navy is currently evaluating the 
continuing inclusion of the VTC device under its above 
referenced guide specifications. 

To its marketing credit AFL Industries first coined the 
phrase Enhanced Gravity to explain its oil/water separa-
tion device. Facet International, Inc. and others have 
since used this term. 

Top of 
Vessel 

Bottom of 
Vessel 

Flow Flow
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The AFL vertical tube oil/water separator achieves oil 
removal through adsorption because of the use of oleo-
philic polypropylene tubes. Settleable and suspended 
solids are removed through both filtration and impaction 
onto oil coated polypropylene tube surfaces. The claim 
that the device achieves particle removal through en-
hanced gravity separation is, in short, poppycock. Aside 
from the manufacturer’s efforts to characterize the exact 
methodology, AFL makes a significant misrepresentation 
regarding the continuing removal of oil. The following 
AFL sales literature figure and photos show how surface 
oil is adsorbed onto the rigid perforated polypropylene 
tube. 

 

By innuendo, AFL would have a prospective user be-
lieve that the release of growing oil globules creates a 
fresh or renewed tube surface area capable of removing 
future oily particles.  Such is not the case as the rigid 
tubes do not release the oil as claimed and therefore 
this assertion constitutes a factual scientific misrepre-
sentation of the AFL technology. After two years of sub-
mergence in our laboratory, a similar rigid tube (two 
manufactures are Conwed Plastics, 2640 Patton Road, 
Roseville, MN 55113, 800/426-0149 and Nalle Plastics, 
Inc., 220 E. St. Elmo Rd., Austin, TX 78745-1218, 
800/531-5112) has yet to release its oil. Therefore, as 
soon as the tube surface area becomes fully covered 
with oil the ability to remove additional oil is terminated. 
At this time the tubes will have to be removed and either 
cleaned or replaced. Because the tube surface area is 
limited so also is the separator’s useful life. Gravity type 
separators, by comparison, continue to perform year 
after year so long as the separated oil and sludge are 
periodically removed. 

In 1978 or 1979, AFL moved its operations from Chicago 
to Florida.  The small employee group that remained in 
Chicago started Great Lakes Environmental.   

Great Lakes Environmental 
Great Lakes Environmental quickly developed a wide 
range of water purification products including a “slant rib” 

coalescer separator.  The slant rib sales literature de-
picts several positive features of the slant rib design.  On 
a first review it appears that an inclined corrugated plate 
separator is the product as oil droplets are shown on the 
top of a corrugated plate.  The literature is, however, 
deceptive in that the true plate is vertical containing a 
series of 90° right angles over which the water flows.  
Figure 30 shows the slant rib design. 

Note that: 

1. Rising oil particles and settling sludge particles oc-
cur on the same side rather than opposite sides of 
the plates.  If a rising particle hits a settling particle, 
the resulting merged particle can exhibit neutral 
gravity and therefore may well escape the separa-
tor. 

2. In a true inclined plate separator, a fully separated 
particle will settle out on (or rise to) a boundary 
layer and thereafter migrate to its ultimate destina-
tion.  In the Great Lakes slant rib separator a once 
separated particle must again reenter the flow 
stream in its migration to its final destination. This 
constitutes severe particle reentrainment by de-
sign.  Stoke’s Law speaks to the single separation 
of a rising or settling particle, not repeated separa-
tions. 

3. Amazingly the slant rib sales literature speaks fa-
vorably of the 90° right angle ribs stating that... 
“This geometric configuration causes the flow to 
zigzag around 90° corners throughout the pack, 
causing resistance to flow, collisions of the drop-
lets 20-microns and larger with the plates and coa-
lescence.”   What in fact has just been described is 
a turbulent flow static mixer rather than a laminar 
flow gravity separator. 

4. The slant rib design utilizes inexpensive oleophilic 
polypropylene plates that tend to remove oily parti-
cles through physical adsorption rather than gravity 
separation. 

Figure 30 

Classical oil/water separators were downflow or cross-
flow.  In a downflow separator the flow path is parallel to 
the longitudinal axis of the plate corrugation whereas in 
a crossflow separator the flow path is 90° to the corruga-
tions.  In the slant rib design, the flow path is oblique to 
the ribs, thus eliminating the positive particle separation 
features of the classical designs.   

McTighe Industries/Highland Tank/Mohawk Metal 
The mid-1980s spawned two more oil/water separator 
suppliers by the names of McTighe Industries (name 
since changed to PS International) and Highland Tank 
Company.  The end products of each are closely similar 
and consist of the general design shown in Figure 31. 

On first impression this separator design is very appeal-
ing because it has six apparently attractive features: 
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1. The associated sales literature discusses Stoke's 
Law and laminar flow, which are both important 
and readily recognizable concepts in particle sepa-
ration technology. 

2. The units appeared to have these distinct particle 
removal components, namely, 
A. Corrugated plate separator 
B. Inclined plate separator 
C. “Coalescing” element 

3. Excellent corrosion protection was provided for the 
steel vessel. 

4. The design was said to comply with the API 
(American Petroleum Institute) manual on disposal 
of refinery wastes as well as API Publication No. 
1630. 

5. Extremely low cost. 
6. Initial process treatment effectiveness. 

 
Figure 31 

Originally, McTighe had their separators built by High-
land Tank, a sheet metal tank fabricator.  After observing 
the immediate success of this design, Highland Tank 
soon went into the oil/water separator business on their 
own account.  Most recently, a second clone by the 
name of Mohawk Metal Products Company has joined 
the marketplace.  

A closer evaluation of the McTighe/Highland Tank de-
sign establishes that: 

1. Rather than providing the square feet of projected 
separation area required by Stoke’s Law, the ac-
tual amount provided is but 3-5% of that theoreti-
cally required. 

2. The inclined corrugated plates are oriented such 
that the longitudinal axis of the plate corrugations 
is axial to the flow rather than parallel to or at 90°.  
As a result the separated oil particles slide up the 
side of the plates rather than the corrugations. En-
hanced particle coalescence is eliminated by this 
plate orientation. 

3. The design utilizes a so-called coalescing pack 
(polypropylene mesh) to “catch” or “remove” those 
particles not separated by the plates.  As has been 
discussed prior, these oleophilic packs soon plug 
with solids while becoming saturated with ad-
sorbed oil thus rendering them useless. 

4. In an effort to exhibit compliance with a trade as-
sociation that has an excellent name in the indus-
try, the sales literature claims adherence with 
Chapters III and V of the American Petroleum Insti-
tute’s (API) manual on the disposal of refinery 
wastes as well as API Publication No. 1630. Chap-
ters III and V of the referenced manual describe 
the design of API separator basins and their re-
moval of 150 micron size oil particles.  Removal of 
150 micron size oil particles does not, and cannot, 
result in the achievement of 10 mg/L oil in effluent 
performance.  Removal of 60 micron oil particles is 
necessary to achieve the above performance or a 
projected plate separation area (1502/602) 6.25 
times greater than Chapters III and V require.  
Publication No. 1630 is not even a design docu-
ment.  It merely states that inclined plate separa-
tors appear promising, nothing more.  The API did 
subsequently publish bulletin 421, which goes into 
detail on the design of inclined plate separators.  
The API has, however, never approved a single 
oil/water separator design. 

What the manufacturers do not disclose is that their de-
signs incorporate a few plates “for show” only whereas 
the polypropylene mesh pack is the device that initially 
cleans up the water long enough to pass a performance 
test.  In an effort to bolster its highly deficient effective 
plate separation area, Highland Tank adds the signifi-
cant surface area of the polypropylene filaments to that 
of the plates in order to claim a greater total. The fila-
ments remove oil through adsorption whereas the plates 
remove oil through gravity separation. This mixing of two 
different technologies doesn’t seem to bother Highland 
Tank so long as another sale is accomplished. Thus the 
deception introduced by Great Lakes has been taken to 
new heights of accomplishment to the long-term detri-
ment of the end user and most surely to the future cha-
grin of the designer and/or purchaser. 

The McTighe/Highland Tank and Mohawk Metal 
oil/water separators use but 3-5% of the effective plate 
separation area required by Stoke’s Law.  The down-
stream Petro-Screen coalescer component actually re-
moves the oil rather than the grossly insufficient inclined 
plates.  The coalescer consists of a multiplicity of small, 
closely woven, polypropylene filaments.  Polypropylene, 
remember, is one of three oleophilic (oil-loving) plastics 
that adsorb oil onto its surfaces.  The so-called coalescer 
does an excellent job in removing both free oil and sus-
pended solids.  The excellent performance is short lived, 
however, as the coalescer rapidly plugs with solids and/or 
reaches its oil adsorptive capacity.  
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For these reasons the US Air Force and the US Army 
Corps of Engineers both prohibit the use of oleophilic 
plastics in oil/water separators (references available on 
request).  Whenever the coalescer plugs or reaches its 
adsorptive capacity it must be replaced.  

In an effort to both justify its standard design as well as 
claim compliance with projected or effective plate area re-
quirements, Highland Tank fraudulently asserts that the 
surface area of the polypropylene filaments in the coa-
lescer may be added to the projected surface area of the 
plates in order to arrive at the total effective or projected 
separation area.  Since the coalescer achieves its effec-
tiveness through the principle of adsorption, it is scientifi-
cally incorrect to assert that this area can be added to the 
projected surface area of the plates which achieve oil re-
moval through the principle of gravity separation. 

 
Figure 32 

Even if the Highland Tank product were to be modified to 
include the required plate area, the orientation of the cor-
rugations is incorrect.  In a true inclined plate separator the 
separated particles slide up (oil) and down (solids) the 
plate corrugations as shown in Figure 32.  Note that the 
plates and corrugations are both inclined.  

In the Highland Tank oil/water separator the plates are in-
clined but the corrugations are horizontal.  The separated 
oil and solids must tumble upward (oil) and downward (sol-
ids) as shown in Figure 33.  

Because the corrugations are axial to the plates, coales-
cence of the separated particles cannot occur to the det-
riment of effluent quality. 

 

Figure 33 
 

Figure 34 

 
Figure 35 

Remedial Systems, Inc. 
Remedial Systems, Inc. is another manufacturer of 
oil/water separators.  This company regularly competes on 
projects that specify gravity type inclined plate oil/water 
separators that are sized according to the principles of 
Stoke’s law and laminar flow.  These principles require that 
the total of the projected plate area be determined in order 
to size for the treatment capacity (see Figure 35). The 
Remedial Systems product is shown in Figure 34. 

Although the product is routinely quoted on projects that 
specify inclined plate oil/water separators, it is fraudu-
lently misrepresented in two significant ways.  

Top of 
Vessel 

Bottom of 
Vessel 

Flow Flow
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1. The product uses vertical rather than inclined 
plates.  An inclined plate separator reduces the 
distance a particle must traverse before reaching a 
surface (called a boundary layer).  This is illus-
trated in Figure 36. By comparison, a vertical plate 
separator does not reduce the particle separation 
distance.  This is illustrated in Figure 37. The fact 
that the particles traverse from corrugation to cor-
rugation in the Remedial Systems design does not 
decrease the total distance the particle must trav-
erse.  Remedial Systems incorporates inclined cor-
rugations in the vertical plates to create the illusion 
of an inclined plate separator, however, this is not 
to be confused with a true inclined plate separator 
because of gross difference in particle separation 
distance.  

 

Figure 36 

 

 
Figure 37 

2. Oil/Water separator manufacturers frequently arrive 
at the total projected plate area requirements by 
claiming a specific amount of square feet per cubic 

foot of media and 
then multiplying this 
figure by the total 
cubic feet pro-
posed.  It is rela-
tively easy for the 
reviewer to deter-
mine the cubic feet 
of media (L x W x 
H) but virtually im-
possible to figure 
out the square feet 
of projected area 
per cubic foot be-
cause of the insuffi-
ciency of detail pro-
vided with the sub-

mittal.  It is therefore tempting for the manufacturer 
to overstate this figure.  The Remedial designs are: 

Model 
Characteristics 

MED-00025 MED-00050 MED-00075
Plate Spacing ¼” ½” ¾” 
Surface Area 
(ft2/ft3) 115 68 42 

Plates/12” 44 26 16 
Plate Angle of 
Inclination 60° 60° 60° 

Plate Material PVC PVC PVC 

The maximum square feet per cubic feet possible when 
using ¾” plate spacing at a 60° angle of inclination is 8.0.  
This figure is arrived at in a two-step analysis as follows: 

A The Projected Separation Area of a single 12 inch long 
plate is 0.5 square feet.  A single plate inclined at 60° 
is shown in figure 38.  

 
Figure 38 

If the actual area of the plate is one square foot, its 
projected area is found by multiplying the cosine of the 
angle of inclination or: 1 square foot actual x cosine 
60° = 0.5 square feet of projected area 
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B A cubic foot of media is shown in Figure 39.  This fig-
ure shows 17 plates, 16 of which project area (plate 
thickness has not been taken into account).  Each cu-
bic foot of media therefore contains a maximum of 16 x 
0.50 or 8 square feet.  The Remedial Systems claim of 
42 (¾” spacing) square feet per cubic foot is 5.25 
times greater than theoretically possible and therefore 
fraudulent.  

 
Figure 39 

Even if the Remedial product were correctly represented, 
vertical plates with inclined corrugations cannot possibly 
achieve a performance equal to a true inclined plate sepa-
rator.  In a true inclined plate separator the separated par-
ticles slide up (oil) and down (solids) the plate corrugations 
as shown in Figure 40. Note that the plates and the corru-
gations are both inclined.  Also note that the oil and solids 
migrate to their respective destinations on opposite sides 
of the plate thereby minimizing the opportunity for forming 
neutral gravity particles.  Neutral gravity particles can form 
whenever an oil particle attaches to a solids particle.  

  
Figure 40 

In the Remedial Systems oil/water separator design the 
corrugations are inclined but the plates are vertical.  The 
separated oil and solids must traverse the entire distance 
on the same sides of the plates in order to separate out 
eventually. 

The Remedial System design uses a combination 
McTighe/Highland Tank approach coupled with the 
Great Lakes separator module design.  See Figure 41.  
Remedial Systems design is slightly different in that PVC 
is used rather than polypropylene and additionally, cor-
rugated plates are used rather than 90° right angle ribs.  
The final result is, however, but another variation of an 
extremely poor design concept for the several reasons 
discussed. In addition to its vertical plate design, Reme-
dial Systems fraudulently claims extraordinary projected 
plate separation area in its sales literature. The several 
terms used by Remedial Systems include surface area, 
coalescing media, and effective surface area. Since the 
associated calculations refer to Stoke’s Law, oil particle 
size, water viscosity, and terminal velocity, there can be 
no doubt but that Remedial Systems intends that the 
reader interpret its representations in the traditional 
sense. Remedial’s representation of 42 square feet of 
effective surface area per cubic foot of media volume at 
a plate spacing of ¾” at an inclination angle of 60° mis-
represents the true facts by (42.0 ÷ 8.0) 5.25 times! 
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Figure 41 

  

WaterSmart Environmental, Inc. 
In the mid 80s, Purification Industries began marketing 
cross flow type inclined plate separators utilizing fiber-
glass as the plate material of construction.  The cross 
flow design has become the separator of choice of de-

sign engineers ‘in the know’.  The principal advantages 
of this design are: 
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1. The smooth finish of the inclined fiberglass plates 
(both sides) enables the separator to exhibit self-
flushing or self-cleaning characteristics.  Plates 
made from oleophilic polypropylene quickly be-
come sticky thereby holding onto the separated 
particles.  Molded PVC fittings are extremely 
smooth but PVC plates are manufactured using 
plastics extrusion technology which consists of cal-
endering followed by thermoforming.  The plate 
surfaces are actually quite bumpy when viewed 
under a microscope.  Bumpy surfaces impede the 
migration of separated particles.  Since FRP does 
not adsorb oils, its surface remain permanently 
smooth and non-sticky. 

2. Once a particle has separated out of a flow stream 
it is said to lie in the boundary layer region, i.e., 
where fluid flow velocity is essentially zero.  In a 
cross flow type separator, separated particles 
never leave the boundary layer and therefore can-
not become reentrained as they migrate to their fi-
nal destination.  Therefore particle reentrainment 
cannot occur, even accidentally. 

3. The directions of particle migration of rising and 
settling particles are both 90° to the direction of 
fluid flow.  Additionally, particle separation occurs 
on opposite sides of the inclined plates.  Conse-
quently complete isolation of rising and settling 
particles is achieved thereby enhancing the quality 
of the treated effluent. 

4. Removal of both rising and settling particles occurs 
simultaneously without favoring one type of particle 
over another.  This dual capability permits cross-
flow separators to simultaneously act as a sol-
ids/liquid and oil/water separation device. 

The principal marketplace perceived disadvantage of the 
cross flow design is its cost to the user, understandably 
is more expensive than the other designs discussed. 
Because of the extremely low maintenance require-
ments, however, crossflow separators actually represent 
the most cost-effective design. 

In 1997, Purification Industries changed its official name 
to WaterSmart Environmental, Inc. to reflect its ever 
increasing expansion into the environmental markets. 

About The Company 

WaterSmart Environmental, Inc. designs and manu-
factures advanced water purification equipment and sys-
tems.  The Company builds packaged water and waste-
water treatment plants, anaerobic digesters, aerators, 
filters, oil/water separators, solids/liquid separators, dis-
solved air flotation separators, air strippers, membrane 
treatment and silica cleaning machines, specialized 
cleaning systems, complete skid assembled aqueous 
waste treatment plants, wastewater treatment systems 
for laundromats, laundries, and car/truck wash facilities 
with water reclamation and reuse, softeners, demineral-
izers, activated carbon treatment equipment, and water 
purifiers for domestic and international markets. Single 
Source Responsibility is routinely accepted for entire 
treatment plant supply and performance. 

The Company also provides laboratory testing services, 
pilot plant testing, treatment recommendations, equip-
ment sizing and associated specifications, plant layout 
designs, and budget price estimates.  Its products are 
sold nationally and internationally through locally based 
sales representatives, distributors, or licensees. 
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Conclusions 
 
As was suggested in the prologue, it is easier today to 
name water treatment companies without a separator 
product line than with.  When measured against the sev-
eral design concepts that together establish a correct 
separator design, most oil/water separator products fail 
miserably.  Some of the most successful companies in 
the marketplace have intentionally misrepresented their 
products.  Most of the remainder, however, market prod-
ucts which are simply inferior. 

For specification reference, the design concepts that will 
result in a separator that will perform as required by 
regulatory agencies are as follows: 

1. Fiberglass Material of Construction  For Plates - 
No Substitutes 

2. Full Length Corrugated Plates 
3. Crossflow Hydraulic Path 
4. Minimum Angle of Inclination of 55° 
5. Minimum Plate Spacing of 3/4” 

6. Minimum Surface Overflow Rate of 0.33 GPM per 
square  ft (475 GPD per square  ft) 

7. Prohibit Use of Oleophilic Materials to Aid Oil Re-
moval 

8. Equip Separator With Sludge Collection/Removal 
System 

9. Require Professional Engineer certification of 
square  ft of projected plate area calculations 

10. One (1) Separator Module Only in Flow Path 

Inexpensive separators do not routinely perform as re-
quired and are always expensive to maintain, year after 
year after year.  True oil/water separators, however, will 
eliminate most of the maintenance and virtually all of the 
potential fines that could be imposed as a result of in-
adequate performance.  Over the expected life, a true 
separator is even less expensive than a phony unit. 

 

Stormwater Separators 
 
Executive Summary:  In an effort to more effectively 
compete against highly successful oil/water separator 
designs, several manufacturers developed devices 
that were marketed as stormwater separators.  These 
devices generously addressed the issues of stormwa-
ter management and sediment removals but were 
generally careful not to misrepresent oil removal ca-
pabilities.  The units were designed to catch oil spills 
but the efficiencies of routine oil removal are frequently 

and conveniently missing from the vendor’s sales lit-
erature.  in its review the EPA has concluded that 
“…these devices are an attractive process where high 
rate separation of gritty and heavy particles and float-
ables is required.  However, if a significant portion of 
pollutants have settling velocities < 0.14 cm/sec., or 
are dissolved or colloidal, vortex separators are not 
appropriate.”3

  
 
 
CDS Technologies is one of several manufactures 
that promotes “swirl” type devices to remove trash and 
coarse sediments from stormwater flows.  These units 
are also commonly referred to as swirl concentrators 
and vortex solid separators.  Particles are removed by 
centrifugal forces rather than by gravity separation.  
And to insure that these particles will be effectively 
removed, a separation screen is also provided as an 
integral standard part of the design.  The CDS sales 
literature correctly advertises the product as a pre-
treatment device for oil/water separators and media 
filters.  Its claims of 70% sediment removal appear 
legitimate.  The statement that approximately 50% of 
the oil in a stormwater flow is associated with particles 
is also accurate.  In removing about 70% of the parti-
cles, one thereby removes 0.70 x 0.50 or 35% of the 

free oil.  The CDS literature, however, indicates far 
greater efficiencies of oil removal.4  

The just referenced CDS funded UCLA study is 
fatally flawed in two ways.  First of all the oil used had 
a stated specific gravity of 0.86 g/cm5.  Service com-
panies that routinely clean oil/water separators report  
the specific gravity at between 0.90 and 0.91.  The 
lighter the oil the easier it is to separate from stormwa-
ter.  While the difference between 0.86 and 0.90 is 
rather small numerically, it is rather large respecting its 
removal by centrifugal forces.  Secondly, and more 
importantly, the oil was directly introduced to the CDS 
treatment device as free oil from a Masterflex peristal-
tic pump.  There was absolutely no effort made to du-
plicate stormwater conditions.  By comparison, Un-
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derwriters Laboratories, Inc.® (UL) also tests atmos-
pheric type oil/water separator systems intended to 
remove oil, having a specific gravity of 0.83 to 0.94, 
suspended in water from rainwater runoff or normal 
washdown of streets, highways, and parking lots.6  
The referenced UL test method includes a splash plate 
(see p. 15) for the purpose of duplicating particle size 
distributions found in stormwater.  In stormwaters, 
both oil and sediment particles exhibit particle size 
distribution curves.  These distribution curves also 
change as the stormwater event continues.  Initially, a 
typical oil-particle size distribution curve is7: 

 
Oil Particle 

 Size in Microns 
% Concentration  

by Weight 
greater than 150 90 

150 to 120 5 
120 to 90 2.5 
90 to 60 2 

less than 60 0.5 
 

After 5-15 minutes or so, the particle distribution curve 
becomes:   

 Oil Particle 
 Size in Microns 

% Concentration  
by Weight 

greater than 150 50 
150 to 120 25 
120 to 90 15 
90 to 60 7.5 

less than 60 2.5 
 

During this same time frame, the so-called “first flush” 
consisting of higher initial oil concentrations will have 
been washed into the separation device.   

The CDS literature explains that floating oil sorbents 
are used to adsorb the oil that separates in the swirl 
chamber.  If no sorbents are used, free oil removal 
does not occur, other than for the 35% that occurs as 
a result of 70% sediment removals.  Additionally, once 
the sorbents become saturated with oil, additional and 
continuing free oil removal can no longer occur.   

In summary, the CDS units are quite capable of excel-
lent sediment removals.  Their ability to effectively re-
move oils, however, is highly suspect.  This is also 
consistent with the EPA’s previously expressed view. 
The CDS sediment removal screen may well prove to 
be problematic requiring all too frequent cleaning.  

Downstream DefenderTM is another swirl type unit 
that conveniently claims particle removal efficiencies 
far greater than identical sized units designed by CDS, 
Vortechs, and Stormceptor utilizing the same basic 
technology.  CDS, Vortechnics, and Stormceptor all 

provide substantial data to support their respective 
particle removal claims whereas Downstream De-
fender does not.  In addition to clearly excessive parti-
cle removal efficiency claims, this vendor routinely at-
tempts to obtain submittal approvals on designs that 
overtly show lesser oil storage capacities than the en-
gineer specified treatment equipment.  It is also the 
only company that characterizes separator hydraulic 
loadings in terms of GPM/cubic foot of vessel volume.  
The only scientifically accepted method, however, is to 
base hydraulic loading in terms of GPM/square foot of 
separation area.  Lastly, its sales literature also claims 
the ability to remove oils and grease but is silent as to 
the supporting technology.  It would behoove the con-
sulting engineer and/or purchaser to demand a proc-
ess performance guarantee if this supplier is under 
serious consideration.  

Ecostar uses two chambers to accomplish grit and oil 
removals.  The first chamber removes gross free oils 
whereas the second operates as a polishing unit utiliz-
ing an oleophilic matrix to adsorb residual oils.  The 
system also employs a mechanical float valve to sup-
press hydraulic surges and an air connection to clean 
the oleophilic matrix.  The sales literature incorrectly 
recommends the device for fourteen applications, all of 
which usually generate chemically emulsified oils due 
to the use of detergents.  The performance test report 
included with the sales literature reports removals of 
free and chemically emulsified oils from 7,000 ppm to 
less than 2.79 ppm.  The claimed efficiency is clearly 
fraudulent, as all levels of chemically emulsified oil 
removal cannot possibly be removed with gravity 
separation followed by coalescing oleophilic matrix 
adsorption.  Polypropylene adsorption devices adsorb 
mechanically emulsified and free oils but not chemi-
cally emulsified oils.  The Ecostar product may well 
perform A-OK on stormwaters but its use on soapy 
wastes is clearly a treatment misapplication and a 
gross misrepresentation of its true treatment capabili-
ties.  Therefore, beware! 

Fossil FiltersTM are two-chamber gravity separation 
devices designed to treat stormwaters.  The first 
chamber removes gross oil and grit/trash constituents 
whereas the second chamber polishes by filtration 
through a fossil filter adsorbent material.  The unit is 
well designed and should work very well other than for 
the probable frequent requirement to replace the 
somewhat undersized fossil filter adsorbent materials.  
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Proceptor separators are swirl units that are supplied 
in two and three vessel arrangements, depending on 
separated oil storage requirements.  These devices 
are recommended by their manufacturer for ten differ-
ent treatment applications, all of which can and usually 
do contain chemically emulsified oils.  Unfortunately, 
the unit cannot possibly remove chemically emulsified 
oils.  They can effectively treat stormwater but, some-
what ironically, this application isn’t even mentioned!     

Stormceptor® is the stormwater version of the Pro-
ceptor® design.  It is a modified swirl unit with two 
components namely a treatment chamber and a by-
pass chamber.  Eight different models are offered in 
precast concrete construction.  The Stormceptor is 
correctly represented as to its applications.  Its sedi-
ment removal efficiencies are based on estimates 
rather than actual performance testing.  The manufac-
turer does not make any claims on the efficiency of oil 
removals other than the ability to trap oil spills should 
they occur.  The units are therefore correctly repre-
sented.   

StormFilterTM, formerly marketed as a CSF® product, 
is a stormwater treatment system in precast concrete 
construction that utilizes radial flow cartridge filters to 
remove sediments and other contaminants.  Each car-
tridge is rated by the manufacturer at 15 GPM.  A 150 
GPM separator would therefore require 10 cartridges.  
The system also utilizes a rate of flow control valve to 
regulate flow through a new cartridge.  The cartridge 
assembly includes a ball valve and an associated float 
for the purpose of creating a siphon action through the 
cartridge during stormwater events.  The StormFilter 
achieves automatic bypassing in the event of overflow 
conditions.  Even though the spent media cartridges 
will surely contain heavy metals, the manufacturer 
suggests that spent media can be “re-composted to 
reduce residual hydrocarbons and then used in land-
scaping, erosion control applications, or daily cover for 
landfills.”  This technology should provide high levels 
of stormwater treatment during non-overflow operating 
conditions.    

StormTreatTM is a recently introduced low-flow storm-
water treatment technology consisting of a series of 
six sedimentation chambers and constructed wetlands 
all of which are contained within a modular 9.5 foot 
diameter recycled polyethylene vessel.   The system is 
designed to remove sediments, oils, and nutrients.  As 
a polishing device it must be preceded by a catch ba-
sin to remove gross trash and sediments which would 
otherwise interfere with the continuing and effective 
operation of the StormTreat product.  It is currently 
marketed by Eco-cycle, Inc., its exclusive distributor. 

SmartWater is a recently introduced high-flow storm-
water treatment technology that utilizes classic in-
clined corrugated plate technology in precast concrete 
construction.  Eight individual models have been pre-
cisely designed by WaterSmart Environmental, Inc. to 
compete with existing high-flow stormwater treatment 

suppliers on an “equal or better” feature-by-feature 
basis.  The SmartWater product line is characterized 
by generous sediment and separated oil storage ca-
pabilities, superior particle removal effectiveness, and 
ease of installation.  All flow is treated and none is by-
passed therefore complying with EPA recommenda-
tions.  The product line is available nationally from a 
network of carefully selected highly reputable precast 
concrete manufacturers.  Application engineering and 
technical support for the product line is routinely pro-
vided by WaterSmart Environmental, Inc.   

VortechsTM is yet another swirl unit designed for high-
flow stormwater treatment applications.  It is character-
ized by “recommended” as well as “maximum hydrau-
lic” flow rates with generous separated oil and sedi-
ment storage capacities.  Although located in the 
same town as Downstream DefenderTM, the two prod-
ucts fiercely compete in the marketplace.  The 
Vortechs technology appears to be represented hon-
estly and this product is therefore a legitimate device 
to treat stormwaters. 

Waterbox is a high-flow precast concrete stormwater 
separator consisting of two chambers.  The first cham-
ber removes gross solids and trash as well as sus-
pended oily particles.  The second bay collects the 
separated oil and acts as a discharge chamber.  The 
somewhat liberal process design eliminates the ne-
cessity for flow bypassing.  This product is another 
legitimate device to treat stormwaters.   

Summary:  All of the stormwater treatment devices 
reviewed have been introduced to the USA market-
place within the last decade.  By comparison oil/water 
separators have been on the scene for the last 30-35 
years.  In terms of maturity, stormwater products are 
still being refined to accomplish the rather optimistic 
claims that appear in their sales literature.  On aver-
age they certainly perform better than traditional catch 
basins, but how much better has yet to be determined.  
They represent a legitimate product in stormwater 
management.  The associated technology is extremely 
difficult to understand by end users as well as their 
consulting engineers.  Most, but fortunately not all, of 
the vendors are prone to stretch the truth in their mar-
keting efforts.  This same practice has been going on 
in the oil/water separator marketplace for the last 25 
years.  What this means is that low buck usually wins 
at the sacrifice of product performance.  It therefore 
mandates that prospective users of this technology do 
their homework in deciding which stormwater treat-
ment unit to specify and thereafter purchase. 

The Vortechnics, Stormceptor, and CDS designs have 
been independently and fairly evaluated by Herr et. 
al8.  Their report was prepared as a result of perform-
ing stormwater management evaluations for the Flor-
ida cities of Orlando, Winter Haven, and Atlantic 
Beach. 
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