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Critical Turning Points

€ Extensive historical use of night soil on farms
& Advances in sanitation/treatment practices

¢ Evolution of “Land Treatment” from “disposal
to “sustainable land application practices”

¢ Lake Erie algae blooms/Cuyahoga River
catching on fire ... passage of the FWPCA
Amendments of 1972 (the Clean Water Act);
secondary treatment requirements;
Construction Grants Program

¢ Development & implementation of established
treatment technologies ... reclaimed water
prOJectsg dual water distribution systems




& Water shortages ... increasing demand for
sustainable water supplies

¢ Establishment of State water reuse standards,
EPA guidelines for water reuse, case study
reports, white papers, etc.

¢ Funding (by EPA, BUREC, etc.) of full-scale
reclamation projects (including indirect potable
projects), research evaluations, NRC/NAS
studies, national demonstration projects,
NASA/space station interest in reuse, etc.

¢ High-end reuse projects and greater
acceptance by the public

¢ Increasing awareness of nutrient impaired
water bodies, establishment of nutrient
standards, etc.

Extensive historical use of night soil on farms
ir‘sia, sewage in Germany, UK, Scotland,
Australia, and U.S.




2 E‘ns_ive historical use of night soil on
farms in Asia, sewage in Germany, UK,
Scotland, Australia, and U.S.

+ Viewed by some as the only adequate
technology to help alleviate gross pollution
impacts on surface waters

+ Nutrient value and improved crop productivity
lead to promotion as a profitable practice

¢ Pollutant and soil interactions considered to
function as a purifying process

+ By the 1890's it was recognized that the
“living system” had limitations and could be
overloaded resulting in system failure

w“

\ *'Pumping Sewage on Crops for Fertilizer*
Source: Harper’s Weekly, 1890, Photo IV.1;

from The Search For The Ultimate Sink by Joel A. Tarr,
The University of Akron Press, 1996




¢ Between 1840 and 1890, many of the basic
w water treatment processes in use
today were developed (e.g., chemical
precipitation, activated carbon adsorption,

trickling filters, biological contact beds,
Intermittent fll'[ratlon)q

# Introduction of chlorination in 1910 lead to
the elimination of major epidemics of
typhoid and cholera

¢ By late 1890s, discharge of partially treated
wastewater effluents was considered to be
a safe and cost-effective alternative
“«

History of Sanitation

HISTORY OF SANITATION

[ PUBLIC HEALTH CONSIDERATIONS ]

Major Epidemics
< > |
inUS
a removed b y filters




¢ By the late 1890’s, previously promoted as
profiﬂle ventures, land treatment of raw
sewage had been shown to be unprofitable

¢ Many land treatment systems installed in the mid-
1800’s were used for 30 to 50 years without
increasing their size in response to growing
populations resulting in overloaded conditions

& Between 1890 to 1905, land treatment was
considered the most effective alternative in the
U.S. and was used by many communities

¢ From the outset, American engineers considered
sewage farming and other land application practices
to be primarily “disposal” systems
-

m food processors for many years (e.g.,
Seabrook Farms, Campbell Soup, WA & ID
potato processors)

¢ Such projects were generally designed to
maximize the amount of waste applied per acre
rather than to use conventional irrigation
procedures and historically accepted practices
for recycling animal manure back to the land
to optimize their use as a source of water for
irrigation and/or nutrients

2 La%treatment for “disposal” was used by

# Similar practices were attemloted by some
cities as a means of disposal of municipal
effluenté and sewage sludge




& Land treatment for “disposal” often resulted
in blems such as:
# elevated nitrates in the underlying groundwater
+ high nitrate forage

+ severe erosion and runoff from application sites
into nearby water bodies

& poor cover crop performance

+ odors and other undesirable site conditions
developed due to excess moisture, organic matter,
and nutrient loadings

¢ Similar problems have resulted from
excessive manure application rates to
farmlandin some areas of the country

The development of
Sust%able Land Application Practices

¢ Modern “Sustainable Land Application”
practices optimized for “treatment” and
‘reuse” while protecting the environment
and/or use conventional irrigation
procedures and historically accepted
ractices for recycling animal manure
ack to the land

o Land treatment of municipal & industrial
effluents

¢ Reuse of treated effluents for irrigation

“




EPA430/9-79-012

A History of Land
Application as a

Treatment Alternative Aprll 1979

authored by:

Bill Jewell, Cornell Univ.
Belford Seabrook, U.S.EPA

EPA Project Officer:
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The Cuyahoga River Fire of 1969

Blue-green Algae Bloom
circa 1970, Lake Erie
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TP Loads to Lake Erie (1967 - 2001)

Lake Erie

Total Phosphorus Loadings

Year
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Pollutant Group

Table 2-13. Pollutant groups and related water resource issues.

Water Quality Conditions and Concerns

Nutrients
(nitrogen and
phosphorus)

Eutrophication

Ammonia toxcity

Anoxial hypoxia; oxygen depletion
Water clarty/transparency
Reduced diversity/trophic structure

Nuisance algal blooms

Toxic algal blooms

Fish kills

Shelfish bed closure/loss
Loss of seagrass beds/habitat

Metals and Toxics

Fish body burden
Shelifish body burden
Mammals body burden

Birds body burden
Sediment contamination
Drinking water supply

Organic Matter

Anoxialhypoxia; oxygen depletion
Adsorption/desorption of toxic chemicals

Fishkills

Pathogens

Shelifish bed closure
Recreational beach closure

Drinking water supply

Sediment

Anoxic sediments
Damage to benthic biota

Habitat destruction/fish spawning
Water clarity/ transparency

Hazardous materials

Ol spills
Chemical spil's

Fish kills
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Progress in Water Quality: An Evaluation of the National
Investment in Municipal Wastewater Treatment

' (EPA-832-R-00-008; June 2000)

http://www.epa.gov/owm/wquality/wquality.pdf
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Municipal Wastewater Treatment; Evaluating Improvements in
National Water Quality

by An(' Stoddard, Jon B. Harcum, Jonathan T. Simpson, James R. Pagenkopf,
Robert K. Bastian

August 2002 Hardcover (E-Book also available)

http://www.wiley.com/WileyCDA/WileyTitle/productCd-0471243604.html

Municipal
Wastewater
Treatment

E

Improvements
in National Water Quality

GWILEY

KNOWLEDGE FOR GENERATIONS™

| M Construction Grants|
B CVISRF

Investment Cost ($ billion)

I LI

1970 1975 1980 1985 1990 1995 2000
Year
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Table 2-4. Inventory of POTWs by wastewater treatment type, 1940 - 2000. Source: U.S. Public Health Service
Municipal Wastewater Inventories and USEPA Clean Water Needs Surveys.

| TREATMENT TYPE

Inventory of POTWs

Less than Greater than No

Year Total Secondary Secondary Secondary Discharge

1940 NA 2,938 2,630 0 NA
1950 11,784 3,099 3,529 0 NA
1962 11,698 2,717 6,719 0 NA
1968 14,051 2,435 10,042 10 NA
1972 19,355 2,594 9,426° 461 142
1978 14,850 4,278 6,608 2,888 985
1982 15,662 3,119 7,948 2,760 1,600
1988 15,708 1,789 8,536 3,412 1,854
1992 15,613 0 868 9,086 3,678 1,981
1996 16,024 0 176 9,388 4,428 2,032
2000 16,033 0 47 9,156 4,892 1,938

a This total excludes 4,467 oxidation ponds and 142 land application facilities classified as secondary treatment
facilities in EPA's 1972 inventory of municipal wastewater facilities (USEPA, 1972). They were excluded because (1)
EPA did not categorize oxidation ponds as secondary treatment facilities in any other year covered in this analysis
and (2) land application facilities are classified as “no discharge" facilities in subsequent years and therefore (to be
consistent) they were included in the no discharge facilities category for 1972

Table 2-5. Population served by and influent wastewater flow tc POTWSs by wastewater treatment type, 1940 -
2000. Source: U.S. Public Health Service and USEPA Clean Water Needs Surveys.

Jonen TREATMENT TYPE «-ccveeseesiemcasemsenmesseneansanns|

Population Served by POTWSs (millions)
Less than Greater than No

Year Total Raw Secondary Secondary Secondary Discharge

1940 70.5 18.4 200
1950 91.8 353 246 319
1962 118.3 147 422 61.5
1968 140.1 101 441 856
1972 1417 49 519 76.3
1978 155.2 36 44.1 56.3
1982 163.5 1.9 336 67.6
1988 177.5 1.4 265 78.0
1992 180.6 0.0 217 829
1996 189.7 0.0 17.2 81.9
2000 207.8 0.0 6.4 88.2

Influent Wastewater Flow to POTWs (mgd)

Less than Greater than No
Year Total Raw Secondary Secondary Secondary Discharge

1940 11,682 5313 3,053 3.317 0
1950 15,141 5819 4,059 5,263 [}
1962 19,520 2,409 6,963 10,148 0
1968 23,117 1,667 7.277 14,124 50
1972 23,384 815 8,560 12,585
1978 26,800 601 7.152 10,139
1982 27,203 5,301 11,010
1988 29,294 4,370 12,863
1992 29,801 3,583 13,680
1996 31,302 2,834 13.521
2000 34,467 818 14,671
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creasing Proportion of the
U'S. Population Served by POTWs

Population Served (Millions)

50

0
1940 1962 1972 1992 2000

B Raw ~ Pri+AdvPri ® Secondry Advanced

Assumptions:
Influent flow s a constant 165 gallon/capita-day with a BOD,, of 396.5 mg/L

Projection Results

1968 1972 1978 1996 2016 2025
Population served (miliions) 140.1 1417 1552 189.7 2750 295.0
Percent of total population Ti% 69% 70% 72% 88% 88%
Designremoval efficiency (BOD,)  39%  41%  52%  65%  71%  T71%
Effluent BOD, (metric tons/day) 21,280 20,831 19,147 16,325 19,606 21,000

_g

8
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F
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8
8

BODy Loading (metric tons/day)
3
g

8
8

_g

L]
1940 1950 1062 1968 1072 1078 1082 1688 1002 1006
Year

| * 165 galcapita-day is based on the mean of population served and wastewater flow
«data in the Clean Water Needs Surveys for 1978 through 1986 and accounts for
lal, industrial, ‘and infiltration and inflow compo-

nents.
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Figure 3-1

Location of sample
stations and mnimum DO
concentrations in the
contiguous 48 states from
1957 to 1965,

Source

»8.5mgL
® 4.1t06.5mglL
@ 05t0d0mgl
® <05mglL

Table 3-1. Twenty-five RF1 river reaches with greatest improvements in worst-case (mean 10th percen-
tie) DO after the CWA. Source: USEFPA STORET

Worst- Worst-
case DO case DO
River Reach Catacg Unk
Rank Reach D Nae Name

101 Q37 Sig Sloux R. Lower Big Sicux, 1A

€4100002201 River Raisim Raisin, MI-OH

04110002001 Cuyanoga R Cuyshoga, OH
Manoning R. Mahoning, OH-FA
Wisconsim R Lake Dubay, W
wihite R. Upper White. IN

.

s 0

R Upper Rock, IL

< Youghicgheny, MD
2 Plke-Roct, IL

~ ) Crosswicks-Neshaminy
w

GrHMOOO0O

™

Chedoygan. W 12.5000
ascagoua R Pascagoula, M2 43200
Hoiston R, 2 Fk.  Scuth Fork Holston
EnidL Yocora, M3
Milsaukee R. Milwaukee, Wi
Oconto R Oconto, W
Greraza L Yaicousha, MI
Kanawha R

DesFains R
Wihite R. White, |A
Cataata R ower Catawta NC

BB BB B R EERRE R R
B . i
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Figura3-12
Localion map and distribution char of the 25 RF1 reaches wih the greatest after-CWA Improvements in worst-case DO. Source. USEPA STORET
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Tabie 3-2. Twenty-five calaing unks with grestestimprovemeants It Worst-Case (mean 10th pesentile) DO

afer the CWA.
Sowvew USEPASTORET

gas, NY
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Lower Giwat Wil IN
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Figura 3-13

Location map and distribution chart of the 10 calaiog units with the greateet before versus afer-CWA Improvements In worst-case DO. Source: USEPA STORET
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I
Figure 3-23
Statistical signincance of the aifera: Cetween Defore- ang aner-CWA worst-case DO mean values for the 13 majer

river basins In the 43 coniguous states.  Source” USERA

W Ciarase

RET

Shadng Incizates f there i3 3 stazsscaly
significant cifierence Desween the basi
oe%ore- and a%er-CWA worsh-case DO mean
values.
Yes. 8 stalistizaly sgnicant dference
No, rct 3 sististicaly tignificant dfference

InsuMcient dats for anaiysis

Catalog units with Improved worst-case DO
Calalog unls with degraced worst-case DO

OUENEAZ Uy A NEND SMEAL U S8AID0IS

AUl JEUODEN )

WSUIEAIL 338 MATS O T

17



Figure 9
Locaton map of case Mudy waterweys Snc dETDUIon dart of their beftors. and afer WA mean 10T
peroen e DO for mse sudy A1 readhes: 19611970 vs. 1986-1995. (Source: USEPA STORET)
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Wastewater Technology Publications
#

o Emerging Technologies
and In-Plant

<« for Wastewater Treatment

f

http://water.epa.gov/scitech/wastetech/publications.cfm

S
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Established Technologies:

- Ai‘tripping
Screening
o Fine Screening o Micro Screening © Microsieves
O Rotary Screening o Step Screening
Vortex Separation
Grit Removal
Flocculation
Chemical Precipitation™
o Alum Addition o Zeolite o Iron Salts Addition
Dissolved Air Flotation ... including high rate
Dispersed Air Flotation
Enhaneed/High Rate Clarification

Ballasted Flocculation (Actiflo® and Microsep®)
o Lamella Plate Settlers

Established Technologies (Cont’d):

Cl“-ically Enhanced Primary Treatment
- Solids Contact Clarifier for P Removal

Ion-Exchange

Chemical Oxidation*

o Hydroxyl Radical

o Oxygen (Atomic and Molecular)

o Ozone

o Hydrogen Peroxide

o Hypochlorite/Chlorine/Chlorine Dioxide

Advanced Oxidation Processes

o Supercritical Water Oxidation

o Catalytic Oxidation

o Photo%atalysis (UV + Ti02)

o Fenton’s Reagent (H202 + Ferrous Ion)




Established Technologies (Cont’d):

- ctrodialysis
- Membrane Filtration
o Reverse Osmosis
o Ultrafiltration
o Microfiltration
- Media Filtration
o Cloth Media
[Disc Filter; Drum Filter; Diamond- Shaped Filters]
o Silica Media (One- and Two-Stage)
[Conventional Downflow; Deep-Bed Downflow Filters

Deep-Bed Upflow Continuous Backwash Filters]

o Activated Alumina Media
o Powdered Activated Carbon (PAC)
o Granular-Activated Carbon (GAC)

Size ranges removed by various membrane types along the
' filtration spectrum

pm 0.001} 0.01, 0.1,

Molacular 100 1,000; 10,000 100,000, 500,0004

Welght

Dissolved Organics |

| viuses | | Bacleria

| Algae & Cyanobacteria

oo |

Relative Panticulate Sizes

[ Granular Medla Filtration

Microfiltration |

| Ultrafiltration

Nanofiliration
Reverse Osmosis

Separation Processes

Distiliation
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Membranes Provide a Physical Barrier Ensuring
Reliable Filtration

ST Microscope Scanning Electron Microscope Optical Microscope Visible to Naked Eye

lonic Molecular Macro Melecular Micro Particla Macro Particle
Range Range Renge Range Range

0.001m 0.01m 0.1m 10m 10m 100 m 1000 m

Relative Size of
Common Materials

Process for
Separation

Membranes

Established Technologies (Cont’d):

enitrification Filters
Automatic Backwash Filters (ABW®)
Pulsed Bed Filter

Disinfection

o Ozone

o Chlorine/Chlorine Dioxide/Liquid Chlorine/Dechlorination
o Halogens (Bromine)

o UltraViolet (UV) Disinfection
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Established Technologies (Cont'd):

BOD Removal and Nitrification
Aerated Lagoons
Complete Mix-Activated Sludge Process
Contact Stabilization
Conventional Extended Aeration
Countercurrent Aeration System
High-Purity Oxygen
Intermittent Cycle Extended Aeration System
Oxidation Ditch
Sequencing Batch Reactor (SBR)
Staged Activated-Sludge Process
Step Feed & Alternating Anoxic and Aerobic

Estaljshed Technologies (Cont'd):

Biological Nutrient Removal (BNR)
Bardenpho® (Four Stage)
Biodenitro™
Ludzack-Ettinger
Modified Ludzack-Ettinger
Orbal™ Process
Schreiber™ Process
Simultaneous Nitrification Denitrification
Step Feed BNR Process
Wuhrman

~




Estalﬁshed Technologies (Cont'd):

Enhanced Biological Phosphorus Removal
Anaerobic/Anoxic/Oxic (A2/0)
Bardenpho® (Five Stage)
Johannesburg Process
Phoredox (Anaerobic/Oxic [A/O])
Phostrip
University of Cape Town (UCT)
Virginia Initiative Plant (VIP)

Estaljshed Technologies (Cont'd):

Other Biological Processes
Fluidized Bed Bioreactor
Rotating Biological Contractor (RBC)

Submerged Rotating Biological Contactor
Trickling Filter :

Biofor®
Biostyr®

“
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WATER
REUSE

Land Treatment ISSHLS. TCHNBLOGILS, ARD APPLICATIONS
Systems for
Municipal
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Wastes

Rusald W, Crites [ Sharwand € Read
Rebert K. Bastiae

IRRIGATIEBN WITH
RECLAIMED WATER
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Florida’s Recent Reuse History

1986

1990 1992 1996

1998 2000

Reclaimed Water Use in Florida
(Total Reclaimed Water Flow = 575mgd)

Wetlands and Other
6% Agricultural Irrigation
19%
Ground Water Recharge
16%

Industrial Reuse
15%

Public Access Irrigation
44%

California Water Recycling Potential

Million Acre-Ft/Yr

Reclaimed Water Use in CA
(Total Reclaimed Water Flow = 358

Habitate Restoration
6%

Recreational
Impoundments-
4%

Seawater Barrier
3%

Ground Water Recharge

12% Agricultural Irrigation

48%

Industrial Reuse

Landscape Irrigation and
Impoundments
20%
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California Water Shortage

(Billion Cubic Meters per Year)

-y
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Low Average High Average Low Drought High Drought

Potential Water Supply Crises by 2025

State Capitols
= Major Cites
Major Rivers
17777} Indian Lands and Native Entites
[ states
\ater Supply tssue Areas
Unimet Rural VWater Needs
Confict Potential-- Moderate
| Confict Potential-- Substantial
I Confict Potentiai- Highly Likely

-*q'nnr- cay

Soctamesito

USBR 2025 Report — Map of areas with conflict potential
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Projected Growth of Water Reuse
in the U.S.

Projected Water Reuse
2001 to 2015

f Billion Gallons per Day (bgd)
2001 2004
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Government Actions and Policies

c \ ; i X A . >* - h
\ GU[.DEI“:'INEB_
WATEEVREUSE |

Status in 2003
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2004 Guidelines for Water Reuse
EPA 625/R-04/108; August 2004

nttp://www.epa.gov/ord/NRMRL /pubs/625r04108/625r04108.pdf
http://www.epa.gov/ttbnrmrl/

<
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Regulations and Guidelines Vary
Depending on Type of Reuse

Indirect potable reuse

Agricultural Reuse on Food Crops
Unrestricted Recreational Reuse
Unrestricted Urban Irrigation Reuse
Restricted Urban Irrigation Reuse
Restricted Recreational Reuse
Industrial Reuse

Environmental Reuse

Agricultural Reuse on Non-food Crops

More Stringent Regulations

Less Stringent Regulations
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NRC/NAS Reviews
1996

Ground Water Recharge U e d hadined -
Using Waters of ogerrral Issues in
Impaired Quality POta ble Reuse

-~

e
B S,
e

20 The Use of Reclaimed Water and Sludge in Food Crop Production

TABLE 2.1 Composition of Secondary Treated Mumicipal Wastewater Effluents and Imigation Water
Secondary Efﬁ‘lel‘.l’
Irrigation Water

Parameter Range Typical  Colorado River® Qualiry Criteria~

Total Selids U 425 v NA
Total Dissolved Solids 200-1300 400 2000
PH 6.8-7.7 70 5-8.4
Biochemical Oxygen Demand  2-50 5 NA

Chemical Oxygen Demazd  25-100 A
({a o tadumed

L )
ok O g P s St

Total Nizogen 1030 30
Ammonia Nizogen NA
Ninate Nitrozen - NA
Total PLospaorus

Chloride

Sodium

Potassium

Cal

Magmesium

Boron 3 5 0.10-0.54

Cadmium (ug'L) 522 160

Copper (uglL)

Mercury (ug:
Molybdens

Arsenic

All it i milligrams per lites unless otherwise noted as micrograms per Liter (ug/L). U: unavailable, NA: ot
applicable.
# Adapred from Asane etal, 1934 and Treweek, 1985
b,
Radike, et. al, 1988

“from Westcot and Ayers, 1985 and National Academy of Sciences, 1973
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NRC/NAS Reviews
2008

prsreuas
Assessment of
Water Reuse as
an Approach for
Meeting Future
U.S. Water
Supply Needs
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GWR System (OCWD and OCSD)
‘dvanced Water Treatment Flow Diagram

70 mgd 70 mgd
Reverse Osmosis .
86 mgd Ultraviolet
Light
Microfiltration (AOP)

Purified
Water

Secondary

Natural soil

with hydrogen filtration
peroxide

ackwash
OCSD Plant 1 OCSD Outfall
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DIRECT
POTABLE
REUSE

A Path Forward

'Current/Future Focus
* ENERGY

ﬁ' - IMPROVED ENERGY EFFICIENCY
- ENERGY SELF SUFFICIENT

Portfoli
Vi, - ONSITE HEAT & POWER PRODUCTION
- ALTERNATIVE ENERGY SOURCES

- NET EXPORTERS OF ENERGY?

Evaluation of Combined Heat
and Power Technologies for
Wastewater Facilities
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'Current/Future Focus

e CARBON FOOTPRINT / GHG EMISSIONS
- REDUCED FOOTPRINT
- ZERO CARBON FOOTPRINT
- CARBON NEUTRAL THRU OFFSETS

« MULTIPLE BENEFITS / RESOURCE RECOVERY
- WATER REUSE
WETLANDS / HABITAT RESTORATION
CARBON SEQUESTRATION
SOIL ENHANCEMENT

BIQEUELS, FERTILIZER RECOVERY

* INTEGRATED WATER RESOURCES MGNT.
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Pearl® Process Operation

Precipitation chemistry

Mg?* + NH,*+ PO,
pH

Crystal growth

Simple operation
* Remote automation
= Material handling

- Sampling/analysis/calibration

Crystal Green® ferilizer

Causes of Water Quality Impairment (303d listed waters)

PATHOGENS
MERCURY
SEDIMENT
METALS (OTHER THAN MERCURY)
NUTRIENTS
OXYGEN DEPLETION
PH
CAUSE UNKNOWN - BIOLOGICAL INTEGRITY
TEMPERATURE
HABITAT ALTERATION
PCBS
TURBIDITY
U NKNOWN
PESTICIDES
SALINITY/TDS/CHLORIDES
FLOWALTERATION
SULFATES
ALGAL GROWTH
AMMONIA
OTHER TOXIC ORGANICS

Tatal Canicoe nf Imnairmant Rannrtad Natinnwida-
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Watersheds with a High Potential for
Soil, Pesticide, and Nitrogen Runoff

I puemcatae sns niogen
of Soil and MAmaen
or Soll and Pagtddes

[0 60 or Pasiides o
rawo,

U8, Dapartmend o1 AGGUMIS
i, ce

ices Comsarvation Berdoe
Fasoires dsssuamen 00 Satgl Plawing Orson
Map 1D BMW.1787 _ Crmber 1

Map showing the extent of the Mississippi-Atchafalava River basin
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®New Orleans.

1986
11990
B 1996

Gulf of Mexico

Hard to pin down. The dead zone encompasses different swaths of water from one summer to
the next. Researchers are trying to find out which factors influence this shifting mosaic.
SCIENCE VOL291 9 FEBRUARY 2001 96¢

werN

BUrN

BN GULF OF MEXICO e il
e

‘l'ﬂl“ w !]'II'RT‘ w !l'l:f L !’I'ﬂ'ﬂ" w !Tﬂ‘ E"
Areal Extent of 2007 Hypoxic Zone
Data courtesy of N. Rabalals and A Sapp

Misshsshppl pne N. Gulf of Mexico Clile space (SeaWIFS)
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Area (sq km)

@ PJS Franks

1990 2000

S-Year Average (2003-2007)
Action Plan Goal
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