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“The secrets of nature are in knowing their details” 



OCWD Field Research Laboratory 
(FRL), Anaheim, CA, established 2001
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3D view of a 3-cell unit

end view of three cells with different bed 
heights to allow for flow from cell to cell

Wetland Cells at the Field Research Laboratory using 2’x2’x6’ 
concrete blocks as the base material
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SSF Constructed Wetlands at the OCWD FRL, July 2004.  Cells 
1-6 received 2, 4, 8, 12, 15 L/minute of Santa Ana River Water.

1                    2                        3                          4                   5



average inflow (mg/l) 

Nitrate :3.73

Phosphate: 1.78

average % 
Nitrate 
removal 

average % 
Phosphate 

removal 
5 gpm 16.9 19.2
4 gpm 19.6 23.0
3 gpm 27.4 30.9
2 gpm 39.6 39.3
1 gpm 59.5 56.5

0.5 gpm 87.5 85.8

Summary of SSF Nutrient Data



Removal of Copper and Zinc in SSF Wetlands with an 
Application of 175,000 gallons/acre/day
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Removal of Copper and Zinc 
by SSF Wetlands



Santa Ana 
River

Watershed



•Aquatic Ecology

•Environmental Chemistry

•Classical Microbiology

•Sediment Enzymes

•Stable Isotope Analysis
The Great 
Wetlands Toolbox

•Microbial Community 
Analysis using molecular 
methods



Free Water System (FWS) Constructed Wetlands in 
Prado Basin – 180 hectares - 240 ML/D



scale

anaerobic
oxygenated

anaerobic

EMERGENT
Cattails
(Typha)

EMERGENT
Surface

Water Lilies
(Nymphaea)

SUBMERGENT
pond weed 

(Potomogeton)

In a natural or open wetland the majority of treatment occurs as a 
function of microbial processes at the sediment/water interface



OCWD Prado Wetlands (188 hectares) treats 240 ML/D of Santa 
Ana River Water.  Shown above are the current sampling sights 

that are monitored on a weekly basis and % plant cover.

in

out

100% 50%75%

25%



SEDIMENT SOLID PHASE PHOSPHATE

STATION I.D.
1a 1b 7a 7b 6a 6b 2b

[P
H

O
SP

H
A

TE
 µ

M
/G

R
M

. S
ED

.]

0

200

400

600

800

1000

1200

1400

1600
Total P 
Inorganic P 
Organic P 

r           

influent  effluent 
1st cell 

100% 
cover  
in 

100% 
cover  
out

50% 
cover 
in

50% 
cover 
out 

effluent



average % 
Nitrate 
removal 

average % 
Phosphate 

removal 
outflow 64.3 39.3

25% cover 76.0 33.0
75%cover 89.0 28.4
50%cover 96.3 22.3
100%cover 11.4 16.1

average inflow (mg/l) 

Nitrate :6.57

Phosphate: 3.13

Summary of Prado Nutrient Data



450x

Hardened Crust Layer Formation 
in Percolation Basin Sediments





§ Over 2 million residents in Orange County depend 
on groundwater for 75% of their water supply

§ Any factor in the watershed which degrades the 
river impacts the drinking water supply

Santa Ana River is Critical for 
Replenishment of Orange County’s 

Groundwater Basin
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6 Km2 groundwater recharge zones that percolates 480 ML/D



Ahaheim Lake (36 ha) 
prior to cleaning



Basin Cleaning 

Vehicle (BCV-II)

BCV Removing Sediment from recharge basin



Clay layer formed at lake 
bottom

HCL formed 8-15 cm below 
bottom



5 cm

Fine crust, 1mm

Loose sand found below crust layer

BCV effectiveness is 
reduced by hard crust 
formation in the bottom 
of the recharge basins



The source water for the recharge basins contains 
organic and inorganic particulate matter of varying size 

and dissolved solids

bacteria               algae



Light microscopy of sand 
grains coated with silt and 
clay

Organic components of crust layer

Protein content: 1300 ug/g soil 

Carbohydrate content: 1300 ug/g soil

Chlorophyll : 10.3 ug/g soil



sand grain
sand grain

calcium sulfate/calcium 
carbonate crystals

bacteria bacterial polymers

clay particles

Proposed model of crust formation including the adsorption of 
fine crystals to the negatively charged bacterial polymers and 
the sedimentation of clay particles onto the crystals and sand 
particles.



Fresh HCL stained with DAPI to 
indicate the presence of 

bacteria

600x magnification



HCL stained to indicated 
the presence of bacteria 
and bacterial biofilms



44x

566x 2050x

Scanning Electron 
Microscopy (SEM) of 
Crust



Common diatoms from fresh water samples



Note the stacking of clay 
particles from a fragment 
taken at the surface of the 
crust

2,779x

450x



Scanning Electron Microscopy

Electron Dispersive X-ray Spectroscopy(SEM-EDX)

sensor

X-Ray Source

SEM



diatom skeleton

carbohydrate sheet



Calcium carbonate (calcite) 
formed by a slow 
crystallization process

Ca

C

O



Calcium carbonate (calcite)



Calcium sulfate

S

Ca

O



PROJECT MILESTONES (BCV-3):
• 1999- OTI was contracted to modify BCV-2 into BCV-3.
• 2001 (March) – District received delivery of BCV-3.



Consequences of HCL studies
• Better understanding of the clogging process in 
the shallow and deep basins

•Development of the next generations of Basin 
Cleaning Vehicles (BCV-III & BCV-IV) with cutter 
heads and strong vacuum hoods



Characterization of Hardened Crust 
Layer in Groundwater Recharge 

Basins and
Utilization of Ultramicrobacteria for 
Soil Stabilization and Prevention of 

Salt Water Intrusion 



Ultramicrobacteria



DEATH

resting 
stage/spore

ultramicrobacterium

Fate of bacteria as a result of starvation



Development of 
ultramicrobacteria 
from normal size to 
final size (<0.1 μm3) 



Transformation of ultramicrobacteria to a microbial 
biofilm



inject first 
bacteria 
then 
nutrients

OCEAN

freshwater injection wells 
help to form a mound of 
groundwater to prevent 
salt water intrusion

criteria for bacteria selection: 1. lives only in marine environment 
2. produces polymer 3. turns into “ultra micro bacteria” when 
starved



pump out to draw 
the nutrients along 
the same pathway 
as the bacteria

nutrients

OCEAN

Marine Bio-Barrier

freshwater 
injection wells

The addition of nutrients and salts to the bio-barrier could 
facilitate the deposition of minerals within the barrier similar to 
what took place in the Hardened Crust Layer



UC Irvine 
undergraduates 
conducting 
hydraulic 
conductivity and 
biofouling 
studies



Feldspar Crystal

mineral and microbial 
development



Microbial and Mineral Formation Results 
(cont’d)



Earthquake Simulations 

In addition to examining the 
minerals formed in the columns, 
we further investigated the effect 
the mineral formation has on the 
sand column stability under 
earthquake conditions.

10 Cycles of Northridge 
Earthquake simulations were run 
at the UCI Structures Lab using 
the UCIST shake table. There 
was no change in the column 
structure after the simulations.



Mobile Environmental Solutions





Test area parallel to Warner Ave.



distribution 
tank

1

2
3

4

effluent 
tank

Simulation of test  center showing four treatment systemsSchematic of the test site where 4 different processes were 
used to remove Selenium and Nitrate from surface waters.



NSMP Field Site early January 2007



An Algae-Based Wastewater 
Treatment System with Multiple 

Benefits



Composted sludge converted to fertilizer



Jason Selwitz was a graduate student in Regenerative Studies at the 
California Polytechnic University-Pomona shown here with different 
strains of algae growing on primary wastewater.  This research was 
conducted at the John T. Lyle Center for Regenerative Studies.  



Stockton Regional Wastewater 
Control Facility discharges 120 

ML/D into the San Joaquin River 

wetlands

Possible Reconfiguration of the Stockton Regional Wastewater 
Control Facility to Yield Multiple Benefits



Current flow patterns of the water from the Stockton treatment facility through the 
oxidation ponds (approx. 40 hectares each), wetlands and to the dissolved air flotation 
(DAF) tanks. The green line indicates the flow of the concentrated algae solids back to 
the first oxidation pond.

post wetlands treatment includes: 
ammonia stripping towers, DAF, 
chlorination, dechlorination and 
discharge

Free surface constructed 
wetlands designed to 
remove algae solids

Oxidation Pond #1
Oxidation Pond #2

Oxidation Pond #3



Theoretical reworking of the oxidation ponds where Hypalon curtains with floating tops and 
weighted bottoms allow for serpentine flow within each pond to develop more of a plug flow through 
the three ponds. This allows for more thorough nutrient stripping by the algae.  The algae are 
filtered off after leaving oxidation pond #3 and the water goes through a final polishing stage in the 
constructed wetlands. Part of the filtered algae is returned to the inflow of oxidation pond #1.  
Advanced treatment using the algae may make the ammonia towers and DAF tanks unnecessary.

algae 
filtration 
system



AB
algae biomass

reclaimed 
wastewater

NaOH/KOH

methanol

heat*

Biodiesel

Chemical feedstock for 
polymer production

Sludge digester for 
methane production

Electricity production via cogeneration

Exhaust gases are bubbled into the oxidation ponds to 
absorb carbon dioxide and promote algae growth, 
possible carbon credits for removal of greenhouse gases

algae 
oil

Effluent from 
Oxidation Pond #3

separation of algae 
from the water

Constructed 
Wetlands

* there are alternative biological, chemical and physical 
processes that are being developed to produce biodieselComposted sludge converted to fertilizer
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谢谢
Thank You!

问题
Questions??


