








Biological Nutrient Removal System 

Operating Principle 
Bardenpho' Biological Systems 
represent an advance modifica­
tion of the activated sludge pro­
cess consisting of a multi-stage 
biological reactor. High levels of 
BOO, suspended solids, nitrogen, 
and phosphorus removal are con­
sistently achieved without the use 
of chemicals. 

Process Description 
Fermentation Stage 

Nt 

Activated sludge, consisting of 
a broad spectrum of organisms, 
is returned from the clarifier to 
the fermentation stage. This sludge 
is contacted with the plant influ­
ent to produce the appropriate 
stress condition that allows large 
quantities of phosphorus to be 
removed from the wastewater 
biologically in subsequent aerobic 
stages. Organism stress occurs 
in the absence of dissolved oxygen 
(00) and nitrates (N03). 

Influent is mixed with activated 
sludge, returned from the final 
clarifier, in the fermentation stage. 
After contact liquid is transported 
to an anoxic zone where it is 
mixed with nitrates from the nitri­
fication zone. Oxygen, which is 
added in the nitrification zone, 
converts BOD to carbon dioxide, 
and ammonia to nitrate. In the 
second anoxic zone, nitrate is 
reduced to nitrogen gas. 

NitrificatIOn 
Stege 

- + .. 

The final stage of the Bardenpho 
Process is a reaeration zone where 
the dissolved oxygen concentra­
tion is the mixed liquor is increased 
to prevent phosphorus from being 
released in the final clarifier. 

R ..... don 
Stage 
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First Anoxic Stage 
Mixed liquor containing nitrates 
from the third stage is recycled 
to the first anoxic stage. Here it 
is mixed with conditioned sludge 
from the fermentation stage in 
the absence of oxygen. Bacteria 
utilize BOD in the inftuen~ reducing 
the nitrates to gaseous nitrogen. 
Approximately two-thirds of the 
influent nitrogen is removed in 
the first anoxic stage. 

Nitrification Stage 
Oxygen is introduced in the nitrifi­
cation stage to oxidize BOD and 
ammonia. BOD is converted to 
new cell mass and carbon dioxide. 
Ammonia is converted to nitrate. 
Mixed liquor, containing the ni­
trates, is recycled back to the first 
anoxic stage. Luxury phosphorus 
uptake by the organisms occurs 
in this stage. 

Second Anoxic Stage 
Nitrate, no recycled to the first 
anoxic stage, is introduced to the 
second anoxic stage where it is 
reduced On the absence of oxygen) 
to nitrogen gas. This produces a 
low effluent nitrate concentration 

Reaeration Stage 
When maintained in an aerobic 
environment, the Bardenpho sys­
tem mixed liquor contains 5% to 
6% phosphorus. If the sludge is 
permitted to become septic, phos­
phorus could be released in the 
final clarifier. Subjecting the sludge 
to reaeration introduces additional 
oxygen to the mixed liquor, insuring 
that ~ remains aerobic, thus retain­
ing phosphorus. 

The Bardenpho Process 
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The Bardenpho Process 

The overall Bardenpho Process 
is similar to a conventional acti­
vated sludge flowsheet. Raw or 
settled sewage (waste) enters the 
biological reactor and is mixed 
with return settled sludge. Mixed 
liquor from the reactor flows to 

Bardflt\pho Reaclor Recyclo MLSS 

.. 
• 

a clarifier where biological solids 
are removed from the treated 
wastewater and are recycled to 
a reactor basin. A portion of the 
sludge is wasted, removing excess 

Recycle Sludge 

cell material generated during 
processing. Sludge wasting also 
removes phosphorus from the 
system. 

Waste Sludge 
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Removal of Nutrients, Nitrogen and Phosphorus 

No Expensive Chemical Required 
Low effluent concentrations of 
BOD, nitrogen and phosphorus 
are achieved using the Bardenpho 
Process with little or no costly 
chemical additives. Reliability has 
been demonstrated at installa­
tions obtaining an AWT 5-5-3-1 
effluent (BOD, SS, N, Pl . 

Operating costs are lower than 
conventional nutrient removal 
processes. Also, the stable sludge 
can be disposed of directly, not 
like vo luminous hard to handle 
chemical sludges. 

Simple and Stable Operation 
Bardenpho Systems are similar 
to conventional activated sludge 
plants, and personnel do not re­
quire retraining. The flowsheet 
is simple, with few control param­
eters to measure and adjust. 

Compatible with the Carrousel" 
Biological Oxidation Systems 
Typically, a Carrousel System is 
used as the nitrification stage in 
the Bardenpho Process. Many 
advantages associated with the 
Carrousel System therefore are 
inherently obtained. These advan­
tages include lower construction 
and energy costs, while improving 
control and performance. 

Existing carrousel Systems can be 
upgraded to a Bardenpho Process 
when regulations change, requir­
ing strict control of nitrogen and 
phosphorus. 

Low Cost System 
By eliminating chemicals from 
the process, Bardenpho Systems 
can reduce operating costs as 
much as $400,000 per MGD over 
an estimated 20 year life. Other 
operating costs are similarly re­
duced. 

Construction costs for a Bardenpho 
System are comparable to con­
ventional activated sludge plants 
designed for secondary treatmen~ 
and only one-third to one-half that 
of other AWl plants. 

Complete Process Design and 
Technical Support Services 
Our company provides complete 
Bardenpho design and technical 
support services for Bardenpho 
Process treatment facilities. Our 
engineers have applied this pro­
prietary technology' in designing 
over forty installations for the 
world's most sensitive and closely 
regulated watersheds. Perhaps 
the most telling tribute to the flex­
ibility and effectiveness of the 
Bardenpho Process is the fact 
that every one of these facilities 
operates in full compliance with 
its discharge permit. 

* Bardenpho systems include the wastewater treatment processes covered by Eimco 
Water Technologies U.S. patent number 3.964,998 and Bardenpho design, licensing, 
technical and start-up assistance services for treatment basins utilizing these processes. 



Typical Operating Installations - Bardenpho Process 

Palmetto, Florida 
Operation of the Palmetto, Florida 
advanced secondary treatment 
system began in October 1979. 
It is the first Bardenpho Process 
treatment facility in North America 
and is rated at 1.4 MGD. Perfor­
mance results for six months of 
1983, which are shown below, 
are typical of the outstanding 
performance achieved since 
start-up. 

Note the wide variation of innuent 
conditions - flow from .89 MGD 
to 1.6 MGD; BOD5 from 156 to 76; 
SS from 136 to 62. This demon­
strates the ability of the Bardenpho 
Process to adapt to variations in 
flow and wastewater concentra­
tion. Influent TKN was typically 
about 35 mgtl and phosphorous 
about 6 mgt!. Effluent quality for 
each constituent is below State 
and Federal requirements. 

PALMETTO, FLORIDA WWTP 
PERFORMANCE RESULTS 

Monthly Averages -1983 

Influent J Ju_ne July August September 
Q,MGD 0.89 0.95-- 1":58 1.6 
BOD,mg~ 1156 127 - 76 81 

122 - r62 SS , mg~ 136 65 

1_ - -
Effluent 

122 BOD, mg/1 1.6 1.5 1.5 
SS, mg/1 fu- ~2-1 1.4 

2 2.5 2.5 Tota IN , mg/1 ~.4 -NO, N, mg/~ 1.3 1.3 1.6 1.7 
[ 0.2 NH, N, mg/1 0.4 ~0.4 0.4 

Total N, mg/1 1*1.7 *1.2 0.6 0.5 

October November 
1 .14 ----::1 1.1 _ 
92 1132 
128 .133 

i ~ 

=41 8 1.7 
1.4 

--
1.6 

2.4 2.8 

I~ 
--

1.7 
0.3 -0.3 
*1.0 0.4 

• Alum was not being added for phosphorus removal during the indicated months. Alum was added during the 
months without asterisks for removal of P. A minimal dosage of alum is typical added immediately upstream of final 
clarification. 
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Typical Operating Installations - Bardenpho Process 

Orange county Florida Easterly 
Sub-regional WWTP 
The Easterly Orange County 
Wastewater Treatment Plant be­
gan operation as a 6 MGD facility 
in early 1984. It consists of a full 
5-stage Bardenpho Process with 
Carrousel aeration used in the 
nitrification stage. 

The Easterly Orange County 
Bardenpho nowsheet is designed 
for Overland Flow I Wetlands 
effluent disposa l. This requires 
a very high quality effluent which 
is consistently as good as the 
receiving water for protection 
of Wetland wildlife. Thus alum 
polishing is used to trim effluent 
phosphorus values to well below 
1mg/l. 

Other facilities worldwide cur­
rently have operating Bardenpho 
Systems and more are in design 
and construction phases. These 

EASTERLY ORANGE COUNTY, FLORIDA 
PERFORMANCE RESULTS 

Monthly Average - 1985 

Effluent Bod TSS TN 
January 2 2 1.9 
February 2 1 1.5 
March 2 1 1.3 
April 2 2 1.6 -May 2 2 2.3 
June 2 1 1 
July :2 2 2.9 
August - 2 2 2.9 
September 2 2 2.5 
October 

~ 

1 2 1.7 
November 2 2 2.1 -December 2 1 2.5 

plants range in size from about 
1 MGD to over 40 MGD with various 
climatic and influent conditions. 

TP 
0.2 
0.2 -0.2 
0.4 -2 
1.7 
1.9 
1.9 
0.4 
0.2 
0.3 - 0.7 
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Advantages and Benefits of the Bardenpho Process 

Benefits 
No Chemicals 

Low Capital Cost 

Simple and Stable to Operate' 

Stable Sludge 

Energy Efficient 

You Deal with Us 

€ EIMCO 
WATER TE C H NOLOG I ES 

CI Copyright 2001 GLV. AU rights reserved. ETE036 

Lower operating costs 
No chemical sludge to dispose 

-
Comparable to conventional waste treatment plants 
Biological nitrogen and phosphorus removal without costly 
chemical feed systems 
Simple design minimizes construction 

Few controls to monitor and adjust 
Operation similar to conventional activated sludge plants. 
requiring no operator retraining 
Long SRT provides process stability 
Accommodates Carrousel Biological Oxidation System 

Additional sludge digestion may not be required. allowing 
direct disposa l 

Low operating cost 
Nitrate removal credit 

More than half a century commitment to waste treatment 
Experience 
Recognize technological leadership 
Reputable. long-term equipment supplier 
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Ventura River Watershed 

Source Assessment 

Annual Mass of Total Nitrogen, per LWA Report dated August 9, 2011 

Source 

Dry Weather Urban 

Dry Weather Agriculture 

Storm water Urban 

Storm water Berries 

Storm water Nurseries 

Storm water Orchards 

Storm water Row Crops 

Storm water Non-Irr. Ag. 

Stormwater Other Ag. 

Natural Land Cover 

Septic Tank Leaching 

Manure and Urine Output 

OVSD 

Total 

OVSD % ofTotal 

Ib N 

15536 

46558 

144003 

3414 

1903 

70190 

2929 

13718 

4558 

68441 

2190 

464453 

40060 

877953 

4.6% 

Ib N • Dry Weather Urban 

• Dry Weather Agriculture 

• Stormwater Urban 

• Storm water Berries 

• Storm water Nurseries 

• Stormwater Orchards 

• Stormwater Row Crops 

• Stormwater Non-I rr . Ag. 

• Stormwater Other Ag. 

• Natural Land Cover 

• Septic Tank Leaching 

• Manure and Urine Output 

OVSD 
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FlowBasis EventType SiteName Site lD SampleSource SampleDate Constituent Result Units 

Non-storm Dry Ventura River at Ojai Valley Sanitation ME-VR2 Mixed Use 3/ 18/2010 Nitrate + Nitrite as N 0.97 mg/ L 
Non-storm Dry Ventura River at Ojai Valley Sanitation ME-VR2 Mixed Use 4/19/2011 Nitrate + Nitrite as N 1.6 mg/L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 10/14/2009 Nitrate + Nitrite as N 0.86 mg/L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 12/8/2009 Nitrate + Nitrite as N 1.6 mg/ L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 2/6/2010 Nitrate + Nitrite as N 1.6 mg/ L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 10/7/ 2010 Nitrate + Nitrite as N 0.3 mg/ L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 10/30/2010 Nitrate + Nitrite as N 0.25 mg/ L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 2/17/ 2011 Nitrate + Nitrite as N 1.3 mg/ L 
Storm Wet Ventura River at Ojai Valley Sanitation ME-VR2 Stormwater Runoff 10/ 6/2011 Nitrate + Nitrite as N 0.41 mg/ L 

Non-storm Dry Happy Valley Drain MO-MEI Mixed Use 3/ 18/2010 Nitrate + Nitrite as N 1.2 mg/ L 
Non-storm Dry Happy Valley Drain MO-MEI Mixed Use 4/ 19/ 2011 Nitrate + Nitrite as N 2.6 mg/L 
Storm Wet Happy Valley Drain MO-MEI Storm water Runoff 10/14/2009 Nitrate + Nitrite as N 1.4 mg/L 
Storm Wet Happy Valley Drain MO-MEI Stormwater Runoff 12/ 8/2009 Nitrate + Nitrite as N 0.66 mg/L 
Storm Wet Happy Valley Drain MO-MEI Stormwater Runoff 2/ 6/2010 Nitrate + Nitrite as N 1.5 mg/ L 
Storm Wet Happy Valley Drain MO-MEI Storm water Runoff 10/ 6/2010 Nitrate + Nitrite as N 0.66 mg/ L 
Storm Wet Happy Valley Drain MO-MEI Stormwater Runoff 11/ 21/ 2010 Nitrate + Nitrite as N 0.51 mg/ L 
Storm Wet Happy Valley Drain MO-MEI Stormwater Runoff 2/ 17/ 2011 Nitrate + Nitrite as N 1.4 mg/L 
Storm Wet Happy Valley Dra in MO-MEI Stormwater Runoff 10/ 6/ 2011 Nitrate + Nitrite as N 0.98 mg/L 

Non-storm Dry Fox Canyon Drain MO-OJA Mixed Use 3/ 18/2010 Nitrate + Nitrite as N 3.1 mg/L 
Non-storm Dry Fox Canyon Drain MO-OJA Mixed Use 4/ 19/ 2011 Nitrate + Nitrite as N 3.1 mg/ L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 10/14/2009 Nitrate + Nitrite as N 0.6 mg/L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 12/8/2009 Nitrate + Nitrite as N 0.68 mg/L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 2/6/2010 Nitrate + Nitrite as N 0.89 mg/L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 10/6/ 2010 Nitrate + Nitrite as N 0.36 mg/L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 11/ 21/2010 Nitrate + Nitrite as N 0.35 mg/L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 2/17/2011 Nitrate + Nitrite as N 0.48 mg/L 
Storm Wet Fox Canyon Drain MO-OJA Stormwater Runoff 10/6/2011 Nitrate + Nitrite as N 0.58 mg/L 
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Date: December 6, 2011 

Attendees: OVSD & Ventura Wate r Staff 

Meeting Topic: Various Issues 

• One issue that you might mention is our informal mutual aid agreement. Should it be a 

formal written agreement to cover any liability concerns? Similar to what we have with 

MMID7 (Joe Santos) 

• Anticipate any increase in your rates so that we can use that in our comparison of what 

is happening in the area? (Lisa Kern) 

• What are the chances that we could move forward with the use of OVSD reclaim ed 

water to provide to Aera Energy for oil recovery operations? (Karen Wain) 

• What is OVSD interest in purchasing property in the vicinity ofthe plant? Last year 

there was talk about acquiring land from Buz Bonsall - still looking at that option ? 

(Karen Wain) 

• What projects are you looking at undertaking in the next few years? Are you looking at 

any additiona l sewering in the Ojai Valley? Doing any pre-treatment or on site 

treatment? (Karen Wain) 

• What are your plans for addressing the upcoming algae TMDL? (Karen Wain) 

• Has Ventura Planning coordinated the Westside Plan with OVSD stuff? (Susan Rungren) 

• Can OVSD accommodate antiCipated growth in the North Avenue Area? (Susan 

Rungren) 

1-/1 


	Agenda
	Item No. 7 - Ventura River Watershed Water Quality - Regional Water Quality Control Board's Proposed Algae TMDL
	EIMCO Water Technologies paper on Bardenpho Process (Biological Nutrient
Removal System)
	Source Assessment Annual Mass of Total Nitrogen per Larry Walker Report dated
August 9, 2011
	Ventura County Flood Control sampling data
	City of Ventura's December 6, 2011 list of topics presented to District staff during
tour of the Wastewater Treatment Plant

