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• Regenerative	Stream	Design
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Problem	

Water	Quality	Impairments	(Patapsco)
• Eutrophication

• Sediment	- 24,650	tons/year	
• TP	– 146,000	lb/year
• TN	– 2,475,000	lb/year

• Annual	Fish	Kills	
• Hypoxia	And	Anoxia

• Sediment	Contamination
• Chlordane	and	PCBs
• Toxic	Metals





Problem

Eutrophication	of	harbor	water	has	spurred	
harmful	algal	blooms	causing	low	
dissolved	oxygen	events	and	fish	kills

The	city	and	local	organizations	want	to	do	
something	about	it	and	show	progress

Source:		www.watergarden.com



7



8





Waterfront	is	125	acres	of	a	135,000	acre	watershed



Project	Vicinity	Map
Leverage	the	exposure	of	over	6.5	million	visitors	per	
year	to	build	civic	awareness	



Project	Location







Floating	Wetland	Design











• Wetland	Plan	Area							
≤	200	Sq.	Ft.

• Wetland	Moored	to	
and	between	Existing	
WTC	Security	Pylons

• Plans	to	scale	up	to	
2,000	Sq.	Ft.

Pilot	Review



Design	– 2000	square	feet



Pilot	Review



Pilot	Review



Pilot	Review



Floating	Wetland	Design	- Flora

Flora	Species Common	Name Reason	for	Selection

Acorus americanus Sweet	flag

Tolerant of	0.5	– 10	
ppm salinity	(Harbor)	
and	inundation,	
availability

Scirpus pungens Common	three-square

Spartina patens Saltmeadow cordgrass

Spartina alterniflora Smooth	 cordgrass

Scirpus robustus Saltmarsh bulrush

Juncus roemarianus Black	needlerush

Hibiscus	moscheutos Marsh	hibiscus “		“,	flowering

Source:www.northcreeknurse
ries.com/_ccLib/image/plants
/DETA-490.jpg

Source:www.wetland.org/plant%
20of%20the%20month/nursery_P
OTM_Marsh_hibiscus.htm

Source:www.wetland.org/pl
ant%20of%20the%20month
/nursery_POTM_Cordgrass.
htm

Source:http://blackwate
rnurseriesllc.com/image
s/spartina_paten.jpg

Source:http://ccrm.vims.edu/wetlan
ds/teaching_marsh/Photos%20&%20
Posters/Salt%20marsh%20plants/scir
pus-robcomm_web.jpg

Acorus	americanus Spartina	patensScirpus	robustus Hibiscus	moscheutosSpartina	alterniflora





Estimated	number	of	organisms	per	200	sf	of	floating	wetland



Performance	- Influences	on	Local	Fauna

Fauna	Species Common	Name Effect	

Anas platyrhynchos Mallard Possible	source	of	invertebrates	and	
plant	material	as	food	

Fulica americana American	Coot Possible	source	of	invertebrates	and	
plant	material	as	food	

Ardea herodias Great	Blue	Heron Possible	perching	area	for	resting	or	
fish	foraging

Butorides striatus Green-backed	Heron Possible	perching	area	for	resting	or	
fish	foraging

Phalacrocorax auritus Double-crested			
Cormorant

Possible	perching	area	for	resting	or	
fish	foraging

Agelaius phoeniceus Red-winged	
Blackbird

Possible	perching	area	for	resting	or	
invertebrate	foraging



Performance	- Influences	on	Local	Fauna

Fauna	Species Common	Name Effect	

Morone americana White	perch
Possible	source	of	invertebrates	and	
small	fish	as	food,	 low	level	oxygen	
production	

Morone saxatilis Striped	bass Possible	source	of	fish	as	food,	 low	
level	oxygen	production

Fundulus sp.	 Killifish
Possible	habitat	in	root	mat	and	
source	of	invertebrates	as	food,	 low	
level	oxygen	production

Brevoortia tyrannus Atlantic	menhaden Low	level	oxygen	production	 in	harbor

Callinectes sapidus Blue	crab
Possible	resting	site	and	source	of	
invertebrates	and	fish	as	food,	 low	
level	oxygen	production



Performance	- Influences	on	Local	Fauna

Fauna	Species Common	Name Effect	

Hydrobia sp.	 Seaweed	snail
Possible	habiatat in	root	mat,	source	
of	algae,	fungi	 and	bacteria	as	food,	
low	level	oxygen	production

Palaemonetes pugio Common	grass	shrimp
Possible	habiatat in	root	mat,	source	
of	algae,	fungi	 and	bacteria	as	food,	
low	level	oxygen	production

Balanus improvisus Bay	barnacle Possible	attachment	site	for	filter	
feeding

Acartia sp. Copepods Possible	source	of	algae	and	decaying	
plant	material	

Nerodia sipedon Northern	water	snake Possible	sunning	 and	forage	area	for	
fish



Pilot	Review



Regenerative	Stream	Conveyance	as	an	Approach	to	
the	Design	of	High	Value	Functional	Streams





Sand	Seepage	Bed

ASLA	2010	Conference	FS05

Regenerating	the	Rock	Creek	
Urban	Watershed:	



Sandstone boulders

Silica cobble

Riffle	Weir	Grade	Control	Structure

ASLA	2010	Conference	FS05

Regenerating	the	Rock	Creek	
Urban	Watershed:	



Source	of	Photos:	 	Underwood	&	Associates



incised groundwater

Groundwater Restoration





Regenerative Stream Channel Design



Tributary to Rock
Creek
Washington, DC

February 2011

~10 ft Incised

What is the 
Stream Design 
Solution?



Tributary to Rock Creek
Washington, DC

October 2011

Connected to Riparian Zone



Carriage Hills, 
Source:  Solange Filoso, University of Maryland Center for Environmental Science, Chesapeake 
Biological Laboratory
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Baltimore Harbor Algal Turf Scrubber® Pilot Floway



Algal Turf Scrubber®
Early Stage Development

1970s – 1980s



Basic	ATS™ Pilot	Floway	Design	Components



ATS™ – Algal	Floway	Community



Pilot	Scale	ATS™



Medium	Scale	ATS™

Patterson ATS™ (1995-1996) Stanislaus County, CA
0.2 MGD x 500’



Taylor Creek ATS™ 
Okeechobee County, FL

15 MGD x 300’ (2007-2009)

Large	Scale	ATS™
The	ATS	technology	has	been	implemented	at	the	very	large	scale	in	Florida	and	Texas	
by	a	commercial	company	named	Hydromentia,	headquartered	in	Ocala,	Florida.		

Biohabitats	is	partnered	with	Hydromentia	on	scaling	up	further	systems.



Algal Turf Scrubber® Design
System Inflow



Algal Turf Scrubber® Design
Algal Turf Floway



Algal Turf Scrubber® Design
Biomass Production



Algal Turf Scrubber® Design
Centralized Biomass Recovery



Algal Turf Scrubber® Design
Centralized Biomass Recover



Potential Algal Biomass Products

Biofuel Production

Omega 3s

Compost/Organic Fertilizer

Livestock Feed



Biofuel Production

Omega 3s

Compost/Organic Fertilizer

Livestock Feed



Renewable Fuel
www.federalsustainability.org/in itiatives/biodiesel/biodieseltrg.htm

Algae
(renewable resource)

Contaminated
Water

(sewage, estuaries)

Carbohydrate
Extraction

www.oilmillmachinery.com/

Protein Residue
(Fertilizer)

Biobutanol

Existing Technology
www.fordpedia.org

Sun

CO2

http://home.wangjianshuo.com/arc
hives/20030513_t ahiti.htm

Clean Water



NYC Algae to Biofuel-(Butanol)



Attached filamentous algal “turf” pulls nutrients and traps sediment from the 
inflowing water while pumping dissolved oxygen into the outflowing water.

With the ATS technology we take advantage of the power of 
microalgae to take up nutrients and grow fast! 

Pioneering modern ecologist H. T. Odum called this approach 
“ecological jujitsu”…



ATS	Harvested	Algal	Biomass



We won’t discuss the 
oxygen production by the 

ATS today but it is 
significant! 

Today we want to focus 
on water quality 

improvement through 
nutrient removal.





NYC	ATS	Diurnal	O2 Curve





Warm Vs. Cold Weather Performance
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Rockaway	New	York	City





Warm Vs. Cold Weather Performance



Egret Marsh ATS™ Case Study

CHALLENGE

The	Egret	Marsh	Regional	Stormwater	Facility	
was	designed	 to	treat	fertilizer-laden	urban	
and	agricultural	runoff	 currently	discharging	 to	
the	Indian	River	Lagoon.	

RESULTS

An	initial	feasibility	study	indicated	that	construction	of	a	wetland	on	the	site	would	provide	
removal	of	18-48	pounds	of	phosphorus	 per	year.	Through	 implementation	 of	an	Algal	Turf	
Scrubber®	based	process	train	designed	by	HydroMentia,	 significant	nutrient	 load	reductions	
have	been	achieved.		For	the	12-month	monitoring	 period	 in	2010-2011,	with	influent	 total	
nitrogen	and	phosphorus	 concentrations	averaging	0.95	mg/L	and	0.101	mg/L,	respectively;	
total	load	reduction	achieved	was	1,477	pounds	 (49.4%)	of	phosphorus	 and	5,278	pounds	
(18.3%)	of	nitrogen.



PC-South ATS™ Case Study

RESULTS

Based	on	the	6-month	pilot,	 test	results	 showed	an	absence	of	toxicity,	and	the	Florida	Department	of	Environmental	
Protection	approved	use	of	the	ATS™	technology	for	treatment	of	the	combined	process	flow.	In	addition	to	elimination	of	
toxicity,	the	pilot	system	achieved	a	total	phosphorus	 removal	rate	of	59%,	and	an	annual	areal	removal	rate	of	574	pounds	
per	acre	of	ATS™	at	an	inflow	total	phosphorus	 concentration	of	139	parts	per	billion	 (ppb),	while	achieving	a	total	nitrogen
removal	rate	of	38%,	and	an	annual	areal	removal	rate	of	2361	pounds	 per	acre	of	ATS™	at	an	inflow	 total	nitrogen	
concentration	of	0.89	mg/L.

CHALLENGE
Indian	River	County,	 FL	is	required	to	provide	 additional	
treatment	to	reduce	toxicity	in	reject	water	released	from	
the	South	County	Reverse	Osmosis	 (RO)	plant	into	the	South	
Relief	Canal.	The	process	water	blends	with	stormwater	
runoff	 in	the	canal,	ultimately	discharging	into	the	Indian	
River	Lagoon.		This	project	had	three	goals:

•	Render	the	Reverse	Osmosis	 concentrate	nontoxic	to	
targeted	bioassay	organisms.

•		Establish	 an	effluent	suitable	for	discharge	into	the	South	
Canal	in	accordance	with	the	facility’s	 Industrial	Wastewater	
Permit.

•		Reduce	nutrient	loads	 in	the	South	Relief	Canal	in	
accordance	with	the	County’s	 program	for	reduction	on	
nutrient	discharge	into	the	Indian	River	Lagoon.



A key function in the ATS technology is harvesting the algae.  

We can optimize productivity, and therefore nutrient uptake, by harvesting at 
the inflection point in the growth curve of the attached algae…and then the 

algae grows right back exponentially… 

Thus, harvesting the ATS is like lawn mowing…



Baltimore Inner Harbor ATS 
Pilot Project Location



Our most recent project is located at the Port of Baltimore which won 
an Innovation Award as a BMP…



The most important thing here is the Port staff (MES) adapted their 
storm drain cleaning approach for harvesting and processing the 

algae…



The most important thing here is the Port staff (MES) adapted their 
storm drain cleaning approach for harvesting and processing the 

algae…





ATS™and Chesapeake	Bay

ATS	™	Pilot	locations	around	Chesapeake	Bay	and	the	draft	technical	report	
supporting	Executive	Order	13508	directing	Chesapeake	Bay	cleanup	which	

includes	ATS	™	as	an	emerging	technology	in	the	effort.





Nutrient	Removal	Calculation
• Nutrient	removal	by	the	algal	production	systems	is	calculated	as	

follows:	
• Nutrient	removal	rate	=	biomass	production	rate	x	nutrient	content	of	

biomass	
• grams	nutrient/m2/day=	grams	dry	weight/m2/day		x		grams	

nutrient/grams	dry	weight	
• Typical	biomass	production	rates	for	ATS	™	in	the	Chesapeake	Bay	

region	range	from	10	– 35	grams	dry	weight/m2/day	and	typical	
nutrient	contents	are	3-5%	nitrogen	and	0.3-0.5%	phosphorus.	

• A	unique	quality	of	the	ATS™,	relative	to	other	BMPs,	is	that	
nutrient	removal	is	quantifiable	and	easily	verifiable.		

• ATS™will	also	can	inject	significant	quantities	of	dissolved	oxygen	
to	the	water.



Nitrogen	Uptake



Phosphorus	Uptake



Lower	Boundary	Estimate
lbs	/	acre	/	year

Upper	Boundary	Estimate
lbs	/	acre	/	year

Nitrogen 214 3900

Phosphorus 43 390

Areal	Nutrient	Uptake	Rates	for	an	ATS	in	the	Chesapeake	Bay	Region

Averages	from	data	collected	from	ATS	studies	on	outdoor	raceways	operated	
for	at	least	one	annual	cycle.

System Location Water	Treated %N %P

Lancaster,	PA Susquehanna	 River 2.5 0.3

Beltsville,	MD Dairy	Manure 5.9 0.8

Bridgetown,	MD Ag	Drainage	Ditch 2.0 0.3

Gloucester,	VA York River 1.3 0.2

Reedville,	VA Great	Wicomico	
River

2.5 0.2



For example, using median values from the previous 
slides, total removal rates for 1 acre of ATS in the 

Chesapeake Bay watershed would be on the order of:

1 ton of TN/acre/year

0.1 ton of TP/acre/year



Treatment Performance and Design Objectives
Areal Removal Rate and Inflow Concentrations
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Biomass Production for ATS and FWI in 2012
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Total TKN Removed by ATS and FWI in 2012
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ATS and FWI Total Phosphorous Removed in 2012
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ATS FWI
Pilot unit area sampled m2 27.87 20.81
Total g biomass harvested 54,065 31,915
Days operational / deployed 298 264
Biomass production g/m2/day 7.55 11.60

ATS FWI
Average TKN content by dry wt 3.20% 0.92%
Average TP content by dry wt 0.10% 0.01%
2012 TKN removed g 1,741.95 28.72
2012 Total P removed g 67.09 0.36
TKN g/m2/day removed 5.85 0.23
TP g/m2/day removed 0.11 0.0001

ATS FWI
Persons required to harvest two three
Harvest visits per year twenty four once
Person hours removal/m2/yr 3.44 0.46
Hectare area TKN removal kg/yr 820.1 362.2
Hectare area TP removal kg/yr 13.0 3.9

Pilot Data on Biomass Production, Nutrient Uptake, Harvest and Scale Up



Typical Nitrogen Reduction Unit Costs to Comply with 
TMDLs in the Lower St Johns River  Watershed

Source: CH2MHill, 2007. LSJR Main Stream Nutrient TMDL

LOWER TREATMENT COSTS - Nitrogen

Source: HydroMentia, Inc.

Source: CH2MHill, 2007. LSJR Main Stream Nutrient TMDL

Source: HydroMentia, Inc.



Operations	and	Maintenance



CONCLUSIONS

Strengths

The ATS is a relatively simple system that is easy to 
apply to variety of settings.

The ATS has high rates of biomass production and 
nutrient removal.

ATS performance is transparent and verifiable (e.g., 
mass of nutrients removed is known with certainty).

Numerous empirical studies have demonstrated the 
performance of the ATS in the Chesapeake Bay 

region and elsewhere.



Issues

The	ATS	requires	electricity	and	labor	
to	operate.

The	ATS	requires	relatively	large	areas	
of	land	in	order	to	have	a	significant	

impact	on	nutrient	pollution.

Port	Estimate	½	acre=50acres	
Impervious

Although	algal	biomass	is	potentially	
useful,	market	development	is	needed.



The Future of ATS in Urban Areas?



The Future
In Baltimore?

Westport ATS



• Questions	and	Discussion

Contact Peter May pmay@biohabitats.com
pimay@umd.edu


