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A PROGRESSION TO EXPAND OUR  PROFESSION



A REFERENCE 
FOR THE REST OF US

AS A DESIGN TOOL



CARBON AND NITROGEN CYCLE IN WETLANDS

CHEMICAL AND BIOLOGICAL REACTIONS
IN WETLANDS ARE INTERRELATED 
AND VERY COMPLICATED TO UNDERSTAND
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Figure 3–4 Nitrogen cycle 1/
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Handbook.
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IN FACT SCIENTISTS SEE WETLAND AS 
A BLACK BOX

wetland research community has been collecting and sharing data

for over 40 years. even today the knowledge base is still changing.
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A DESIGNER’S MODEL

INPUT
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PATHOGENS

OUTPUT
BEST VALUE

INPUT

INPUT

INPUT

INPUT

design community’s work, on the other hand, is to integrate 

multiple inputs and create the best appropriate solution.                                               



[ Bioremediation ] 
processes that use microorganisms, fungi, 
green plants or their enzymes to return the 
natural environment altered by contami-
nants to its original condition.

How can design create the 
environments that 
manipulate this
natural return process?
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THREE BASIC ELEMENTS:



HYDROLOGY
The #1 factor of success or failure
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Water Pollution Control Lab, Portland, Oregon

WHEN HYDROLOGY CHANGS

PLANT COMMUNITY CHANGES TOO.                                             
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Water Pollution Control Lab, Portland, Oregon



Water Pollution Control Lab, Portland, Oregon
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Si = Si-1 + Vi - Vo
Si-1 = volume of water stored in wet pond at the end of day
Si = volume of water stored in wet pond at start of day
Vi = inflow volume to wet pond during day
Vo = outflow volume from wet pond during day

Vi = P + ROV
Inflows to the wet pond are direct rainfall onto the pond sur-
face (P) and runoff from the contributing watershed (ROV):

P (cu.ft.) = Ap * P/12

where ROV is runoff volume in cu.ft.
DA is drainage area in acres
P is rainfall in inches.  If P is ≤ 0.05 inch then no runoff is assumed (i.e., wa-
tershed depression storage assumed = 0.05”)
Rf is the runoff coefficient, from Table 1-9 from Section 1.6.9.3 of the ECM.
3630 is a conversion factor

ROV = DA * P * Rf * 3630

Vo = ETcow + ETcvb 
              + SEEP + WD			 

where Vo is the outflow volume in cu.ft.
ETcow is the “crop” evapotranspiration from the open water
ETcvb is the “crop” evapotranspiration from the vegetated bench
SEEP is the loss of water via seepage through the pond
WD is the volume of water withdrawn from the pond, e.g., to irrigate landscape

ETo = Kp * PAN
where ETo is potential evapotranspiration for a reference crop (in.)
Kp is the pan coefficient
PAN is daily pan evaporation

ETc = Kc * ETo where ETc is the evapotranspiration for the crop of in-
terest (in this case, open water and marsh vegetation)
Kc is the crop coefficient

Seepage SEEP is based on the ECM value for liners of ≤ 1x10-7 cm/
sec, which equates to 0.00028 ft/day.  Seepage is converted to cu.ft./day:

Withdrawal WD - the user also has the option to input daily with-
drawals (WD) in cu.ft., in column L.  As stated above, there is no standard 
procedure

HYDRO CALC



PURIFICATION 
SEQUENCES

RIVER WATER, CLASS V
第五类河水

SEDIMENT POND
沉淀池

DEEP WATER AERATION POOLS
深水充气池

SHALLOW WATER
TREATMENT CHANNEL
浅水净化处理渠 

RIPARIAN EDGE
滨水植物区

CLEAN WATER TO THE BAY
洁净的湾水

Feasibility Assessment––Wusong Waterfront Water Purification 

to have islands and corridors of natural habitat so that the people of Kunshan can 
thrive alongside native flora and fauna in a functioning and sustainable 
ecosystem. 

.,
,.

(Sheibley et al. 2006; Valett et al. 2005). 
,.,

,
.

Table 1. Wusong river water quality and target water quality for select parameters. 

Parameter Existing (Wusong)
()

Central ParkEco-Park
Class III water 

criteriaaGoalUnits 

Biological Oxygen Demand 15 18 11 4 4mg/L 
/

Ammonia 3.23 0.63 0.62 Not available 0.62 mg/L
/

Total Phosphorus 0.36 0.48 0.16 0.1 0.1 mg/L
/

Total Nitrogen 7.44 0.84 0.83 21 0.83 mg/L
/

Total Zinc 0.012 NANA10.012 mg/L
/

Total Copper 0.003 NANA10.003 mg/L
/

a from The National Standards of the People’s Republic of China Environmental Quality Standards for Surface Water 

3.Provide a serene park setting for relaxation and learning 

Numerous studies have indicated that the people of China prefer to have access 
to natural areas and parks (Jim and Chen 2006b; Li et al. 2005).  Parks provide 
residents with a sense of place in the natural world, which is increasingly 
important as the urbanization of Eastern China continues.  In addition, it has 
been shown that proximity to green spaces increases adjacent property values 
(Jim and Chen 2006a), an indication that people prefer to live near natural 
environments.  With this understanding, one of the primary objectives of the 

lt   09-04220-000 wusong purification feasibility .doc

Herrera Environmental Consultants4September 24, 2009

WUSONG RIVERFRONT
SYNERGY BETWEEN DEVELOPMENT & ENVIRONMENT  

DRAFT �
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WATER BUDGET
[+] SURFACE 
       WATER

[+] PRECIPITATION

[+] GROUND WATER

[--] EVAPOTRANSPIRATION

[--] INFILTRATION
or SEEPAGE

[--] SURFACE
       WATER

[--] WITHDRAWAL[+] OTHER
       SUPPLY

THE WATER BUDGET JUST LIKE PERSONAL FINANCE:
Flood control: How do I spend/save the money when I win a lottery?
Stormwater wetland: How can I survive in the tough time (dry season).
Wastewater wetland: I have a stable income, 
                                             BUT I WORK SO HARD FOR EVERY PENNY!



Central Park, Austin, Texas
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Central Park Wetpond
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Buildings in Drainage Area

Roads in Drainage Area

Lot Lines

Central Park

Wetpond Inlet

Surrounding Area

Wetpond Outlet

Central Park Wetpond

Central Park Drainage Area

Constructed: 1998 
Watershed: Waller Creek 
Location: Behind Central Market and the 
apartments at 38th Street and Lamar Av-
enue 
Pond Watershed: 173 acres 
Impervious Cover / Drainage Area: 54% 
Pond Goal: Water Quality Protection 
Pollutant Removal: 50,000 lbs. Total Sus-
pended Solids (TSS) removed annually 

STORMWATER 
“WETPOND”



H
YD

RO
LO

G
Y

Central Park, Austin, Texas

FLOOD DETENTION LEVEL

WETLAND LEVEL                          
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Central Park, Austin, Texas



What is your make up water?

Mason Park Wetland, Houston, Texas
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SMALL SCALE:  
  - Bioswale, Rain Garden, flexible in sizing.

MID SCALE : 1-10 HA 
  -  by Wetland to Watershed Ratio : 2%-4%
  -  by First Flush
  -  by Special Discharge Standard

LARGE SCALE:
  - Affiliated with flood control
  - Wetland restoration or preservation
  - Biological Bench Mark
  - Historical Wetland Boundary
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SMALL SCALE:  
  - Single Family: half of a house
  - Mostly combine sub-surface flow

MID SCALE: 1-10 HA
  -  Combine living machine and FSW

MUNICIPAL: < 100 HA
  -  Tertiary treatment or polishing
  -  93% of the wetland 
      less than 100 HA 
  -  93% of the wetland treat
      less than 10,000 m3 per day
  -  Adding habitat value



MEDIUM
Places where the magic happens
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Figure 7. (Left to Right) Cattails, Bulrushes, and Common Reed Grass 

Construction Steps and Design Considerations 
The constructed wetland should be built with the following generalized steps. Many different 
materials can be used to construct the treatment wetland, so local designs can vary. 

1. Identify a location for the wetland at the end of the greywater stream. 
2. Calculate the size of the constructed wetland you will build (see above). 
3. Grade the land so the water will flow downhill at a 0.5% slope (Figure 7). 

0.5% slope0.5% slope

Figure 8. The slope of the wetland flood should be about 0.5% 

4. Construct the wetland cell above ground with cement blocks and cement, or another 
impermeable material, allowing space to connect the greywater stream to the wetland 
cell via the inlet as specified in step 6. Alternatively, the wetland can be constructed into 
the ground using an impermeable liner. This has the disadvantage of not being able to 
drain the cell. Either way, the cell must be impermeable, as cracks or holes in the liner 
may contaminate the groundwater. 

5. Integrate a drain valve into the bottom of the downgradient side of the cell. This valve will 
serve to lower the water level to encourage deeper plant root growth.  

6. Incorporate the greywater inlet. Greywater should be distributed evenly into the inlet 
area to promote even infiltration around the mouth of the wetland. For smaller wetland 
systems, a perforated pipe of a series of pipes can serve this purpose. For larger 
wetland systems, gated pipes, slotted pipes or troughs with V-notch weirs can distribute 
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CATTAIL                             BULRUSH                                    REED 
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The populations of organisms that inhabit the sub-
strate are the driving force in the treatment process,
causing pollutant concentrations to dramatically
decrease as wastewater passes through the wetland.
Reed et al. (1995) indicates that the micro-organisms
that populate the submerged plant stems, fallen leaves,
roots, and rhizomes are responsible for much of the
treatment within the wetland. Kadlec and Knight
(1996) state the complex mixture of plant litter in
various stages of decomposition and its highly produc-
tive biological communities are responsible for 90
percent of the overall treatment within surface flow
wetlands. Thus, the principal function of the emergent
herbaceous vegetation is to provide substrate essential
to the treatment process.

It becomes evident that the greater the surface area of
the wetland, the greater amount of substrate present
and, hence, the greater the effectiveness of the wet-
land. This assumes complete submergence of the litter
and adequate contact time between wastewater and
attached micro-organisms.

Facilitator of nitrification/denitrification—An
important function of the treatment wetland is to
remove nitrogen. A large fraction of the nitrogen in
animal waste treatment wetlands is lost through vola-
tilization (see 637.0303). However, nitrogen can also
be lost through a series of processes that lead to
nitrate (NO3) being converted to N2 gas, which is
liberated to the atmosphere. (Refer to figure 3–4, the
nitrogen cycle, and table 3–5.)

Wastewater entering a surface flow wetland from a
waste treatment lagoon or waste storage pond gener-
ally has little or no dissolved oxygen. Therefore, the
nitrogen entering the wetland is either in the form of

organic N or ammonia. The conversion from ammonia
to nitrate is impossible unless the wastewater is some-
how aerated, since aerobic bacteria are needed to
make this conversion. Here is where the unique prop-
erties of the wetland plants become important, as
explained in the conceptual model that follows.

As wastewater is drawn into the soil profile to satisfy
the water requirements of the plants, it enters a zone
that is basically devoid of oxygen (anaerobic), thus
prohibiting the oxidation of ammonia to the nitrate
form (NO3). However, some O2 seeps from the roots
and rhizomes of the plants to form microscopic zones
of aeration within the root complex (fig. 3–9). Within
these aerobic zones, conditions are conducive for the
growth of aerobic, nitrifying organisms that convert
ammonia to NO3. Some of this soluble form of nitro-
gen is used by the plants, but some migrates back into
the surrounding anaerobic environment. Within the
anaerobic zone, special types of bacteria called
denitrifiers use NO3 as a source of oxygen for respira-
tion and, in the process, convert the NO3 to N2 gas,
which then passes from the soil to the water column
and then to the atmosphere.

Field-scale research to determine the actual amounts
of O2 exuded into the root zone and the extent to
which nitrifying and denitrifying organisms make the
conversions is still limited. Wetland systems are so
complex in terms of types of plants, soils, and a host
of other related factors that could influence oxygen
transfer and biological activity, that the loss of N,
however it occurs, is currently explained in terms of
general rate constants based on influent and effluent
sampling rather than on kinetics of individual micro-
bial processes (Kadlec and Knight, 1996).

Table 3–5 Processes involved in the conversion of organic and ammonia N to nitrogen gas

Process - - - - - - - - - - - - - - - - - - - - - - - - - Conversion of N - - - - - - - - - - - - - - - - - - - - - - - - - Condition required
from to

Ammonification Organic N (Org-N) Ammonia (NH3 + NH4) Anaerobic or aerobic

Nitrification Ammonia (NH3 + NH4) Nitrite (NO2) and Nitrate (NO3) Aerobic

Denitrification Nitrate (NO3) Nitrite (NO2) and N gas (N2) Anaerobic
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SCIENCE IS THE ART OF KNOWING,
ART IS THE SCIENCE OF FEELING.

WE MUST KNOW TO BE ABLE TO DO,
BUT WE MUST FEEL TO KNOW WHAT TO DO.

C.P. SNOW


