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Chamber Pots, Cesspools, Street Gutters
Earth Pit Privies, Corn Cobs, Night Soil
Flush Toilets, Sanitary Sewers, Toilet Paper

Septic Tanks, Tile Fields, Sewage Farms

Engineering Design and Procegs Optimization

Imhoff Tanks, Primary Settling: 50% Solids, BOD Removal
Trickling Filters: 80% BOD Removal
Activated Sludge: 95% BOD Removal ;

Anaerobic Digestiofilethane-UtHzaton " *Q

Disinfection: Chlorine, Ultraviolet Irradiation

Nutrient (N,P) Removal, Tertiary Treatment, Wetlands
Wastewater Reclamation & Reuse
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Population Growth x Water Use (130 gpcd, max. month)

Urban Sprawl = sewer extensons, irrigation of suburbs

Groundwater depletion; drought; consumptive water use

Growing Water STlortages

New Water Sources?

e e ——
U.S.: 22,000 POTW (98% municipally-owned)-= 35 billion g/d

1 billion g/d (3%) of treated WW =—parks,-golf courses, ...
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Population, millions Life Expectancy, years
1933: 125 -

2010: 310 & 78

2025: 357 80

2050: 439 83

N’

U.S. Population Increase:" -3-millionlyeac

New Missouri every 2 years
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(Anglican) Reverend Thomas Robert Malthus, 1766-1834

"The power of population is indefinitely greater than
the power in the earth to produce subsistence for man".
An Essay on the Principle of Population

If Malthus is wrong, then will
human population growth go
on forever?

World Population Growth

World Population
1800: 1 billion

2011: 7 billion
2050: 9 billion

Sources: United Nations Population Division and Population Reference Bureau, 1953,




‘grass farmers’

60% of water use is outdoors; only 40% indoors

" pll\qt.n‘ﬁg_t d.uriﬁg,y.é\ais of
: a'b'o've_é've‘i'a‘ge rainfall., 5.




% Daily Indoor Water Use Some households

consume two to five
times as much as the
350 gpd average?

Would progressive
water pricing
discourage excessive
use?

toilet
27%

-

shower, bath
199, clothes & dishwashers

24% A




1. Administrative Strategies

What might utility management do to contain costs?

Asset Management - delay new cagjtal construction
Stormwater - Inflow & Infiltration (20%) reduction
Automation - reduce labor requirements

Reduce overtime;wmp%

Eliminate retirement benefits; outsource
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2. Reduce Hydraulic Loadings

Mandate efficiency of toilets, showers, faucets
Advocate Gray Water use for lawn, gardens, toilets

U.S. Suburban Household Water Us}’
Average Day: 350 gallons
Toilet flushing: 100 gallons

N’
Gallons per flush: 3 5, 1.6, 1.28,~-
T O R —

Federal Water Efficiency Standards (1992)
Showerheads: 2.5 gallons per-minute
Faucets: 2.5.gallons per minute
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2. Water Conservation Programs

Offer Financial incentives to install water-efficient toilets
Pass Municipal ordinances allowing watering only on certain days

Ban ornamental fountains unless they run on re-circulated water
P -
Require homes to have low-flow shower heads anW faucet aerators

Recycle Gray Water

“If it’s yellow, let

it mellow; ifit’s

brown, flush it
down.”




When freshwater gets scarce ... utilize ‘toilet to tap’, a.k.a.

California State Department of Health
permits use of reclaimed wastewater for:

agricultural irrigation of over 20 food crops,
landscape parks, playgrounds and golf caﬂfses,

restricted recreational impoundments,

-
groundwater recharge to domestic water supply areas
e —
*Apples, Grapes, Asparagus, Lettuce, Avocados,
Maize, Barley, Peaches, Beans, Peppers,Broccoli,
Pistachios, Cabbage, Plums, Cauliflower, Sq‘uésh,
Celery, Sugar Beets, Citrus, Wheat
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pharmaceuticals: N-nitrosodimethylamine (NDMA), 1,4-dioxane, bisphenol A,
alkylphenol polyethoxy carboxylates (APECs), dioxin, disinfection by-products, ...

cosmetics, hormones, nanomaterials

-—
-
endocrine disruptors, a class of compounds that perturb the normal

functioning of endocrine systems including those that affect growth, reproduction and

behavior. |~

Partial removal requires ital, energy-i sive processes:

(GAC adsorption; ozonation; micro-, ultra-, nano-filtration; reverse 6smosis; membrane
bioreactors; advanced oxidation (hydrogen peroxide - UV)
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Pharmaceuticals in drinking water
@ Water tested positive for pharmaceuticals
© Water not tested for pharmaceuticals

4 < AR

in source water but not in treated drinking water. NOTE: All places include some surfounding areas

except: Albuguerque,
** Drinking water in Austin, Texas, was tested for only N.M,; Arfington, Texas; Fresno, Calif.; Long Beach, Calf ; Los Angeles;
one preschption drug, & synthetc birth control chemical. Memphis, Tenn,; New Orleans; New York City; and Orlando, Fla,

SOURCES: Drinking water providers’ responses to Associated Press questions, AP review of scientific iterature. AP|




‘Indirect Potable Water Reuse’
70 mgd - Groundwater Replenishment System




“NEW REVENUE STREAM SPRINGS

Munlclpal Water P

“WATER REUSE MARKET SET FOR

EXPLOSIVE GROWTH”
Analysis, forecasts

and inventory

“We will drink more reclaimed water -
indirectly.”

“Ultrafiltration, reverse osmosis and
uluiolet disinfection - have become
cheaper and more effective.”

‘Recycling water seems as natural-as
any other recycling.”

-~ water muse—»%essenﬁa/

part of-sustainable cities”.

Gbl\“ A Global Water Intelligence publication
LEIEENIE S www.globalwaterintel.com (J) PUB
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‘Sewer Mining’ for ‘Brown Gold’

Membrane Bioreactors

Influent Flow

Anoxic
Tank

Tank

Requires Chemical Control of Membrane Fouling

Filtrate |§

Sludge Holding

Membrane Module




Padlock your manholes?

Membrane Bioreactors (MBR)

membranes immersed into highly concentrated mixed liquor suspended solids

Hydraulic Retention Time: 4-8 hours; 25% conventional footprint

Solids Retention Time: 10- 365 days; 20% conventiopal sludge yield
N’

MLSS: 10,000 - 15,000 mg!/l

Modular: small scale
Effective organism removals
Removal of nutrients

Reuse of product water




Membrane Bioreactors (MBR)

Fine Screening (1 mm) required; disposal of untreated waste

Fouling results in low membrane flux rates; large membrane surfaces
Air Scour, MLSS recirculation: high energy consumption

Large Equalization Tank Volume: to offset low peak flow tolerance
Low Oxygen Transfer Efficiency due to high Mi6S

Membrane Replacement Frequency and Costs

SIMPLIFIED MBR SCHEMATIC
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“The future will be the same as the past, but it will not be cheap!”

Capital Cost (American Water - Membrane Bioreactors):
From $500,000 for 0.01 mgd to $750,000 for 0.5 mgd

-—
-

Operating Cost
From $325/day for 25,000 gal. to $3600/day for 400,000 gal.
—’

Alternately, Cost of NYC Water-(incl-Waste r Fee):
From $175/day for 25,ooﬁar.-mm’/cwforioo, gat
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A4 High Plains Aquifer:

water-level declines > 150 ft.

N

220 million acre feet removed

EXPLANATION

Water-level change.

CUMULATIVEC
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CA, FL, TX, AZ, NM, NE, CO, GA, WA, VA, NY, MA

Orange County Water District
Central/West Basin
Metropolitan Water District
San Jose
Los Angeles Co Sanit District
San Diego County
Irvine Ranch
Dublin San Ramon
East Bay Municipal Utility District
Orlando
Scottsdale
Phoenix

San Antonio
El Paso

Tarrant Regional

St. Petersburg

Pinellas County

King County (WA)

Austin

Santa Rosa

UOSA (VA)

Southwestﬂ\levada Water Authority/Las
Vegas Valley"Water District

b btae i
oxboro, MA

0.25 mgd'used for toilet flushing




Conservation - reduce energy, material, capital consumption
U.S. households may draw 350 gpd of water; drink < 2 gallons
-—

Pollution Prevention - reduce water use; empM®y~dry sanitation

Recovery & Reuse - agriculture, parks, gardens;lawns
N

Full Cost Pricing - fair accmmms%@ihgwm
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Yogi Berra

Y,
= J’-‘Population & Water Use Increases = depleted Water Resources;

increased Wastewater Flows; increased Value of Wastewater

V%“ =
~FIncreases in Energy & Materials Costs = increaseg Uility Costs
*Regional Water Shortages = increased Demand for Wastewater

N’

Sewﬁ%

Reclamation Processes Costly = Reclaimed Water Expensive
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coordinated development & system management
integrated cost accounting; service charges; billing
cross-training of water & wastewater st:ff

W & WW staff not one big, happy family?

integrated staff reductions (Finland): 4564 270 = 400

pipes for both servicelaidin<s_"’si_rrfe_xcavitio
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3 2003: 45% have merged W & WW Systems

EAcharlotte, North Carolina (2005) -
consolidated headquarters
mixed skill crews; reduced staff
cross-training in water & wastewater
increased team leader responsibilities

enhanced comfunication———— " —
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Future

WM energy, chemicals, and materials costs = rate increases

B reduction of federal subsidies, grants = ratg increases

N’
B consolidation of W & WW systems = staff reductions

B reclamation-of wastewater = reuse, groundwater recharge

N’
B conservation ordinances = water use reductions
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