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WASTEWATER MANAGEMENT IN THE 21T CENTURY

A PARADIGM SHIFT: A NEW VIEW OF WASTEWATER

Wastewater is a renewable recoverable
source of potable water, resources, and
energy.

A FUNDAMENTAL QUESTION

What is the optimal use of the carbon in
wastewater?



21°T CENTURY CHALLENGES
AND ISSUES FOR

WASTEWATER MANAGEMENT

‘POPULATION DEMOGRAPHICS
IMPACT OF CLIMATE CHANGE
‘DECREASING PER CAPITA FLOWRATES
*‘AGING INFRASTRUCTURE



IMPACT OF POPULATION
DEMOGRAPHICS ON
ON WATER REUSE
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INTERCEPTED IN-BUILDING
SELF-CONTAINED WATER RECYCLE SYSTEM

Blue dye Cooling tower
injection  make-up and irrigation
(optional)

Cooling
tower make-up

Potable i. Potable use Nonpotable use

UV/ozone

water ; ;
(handwashing, (toilet and disinfection

drinking) urinal flushing)

|

Y

Treated
water
storage
Overflow = IR RV
discharge --— DB PG mOE e S Tl
to sewer - A I
E TR I T 5 Membrane
A backwash
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Reclaimed water is used for
toilet flushing, landscape irrigation,
and cooling water



INTEGRATED WASTEWATER MANAGEMENT

Satellite system for indoor Satellite
non-potable urban uses 'zw water reuse Individual onsite
system treatment with drip

Satellite s . irrigation system
atellite
water reuse water reuse for water reuse
system

Development type

decentralized
water reclamation
and reuse system

To urban water YVater fr?;n alr]tad\llanced wﬁt%r
reament facility also permitte
supply systems as a drinking water facility

Groundwater recharge by
surface spreading and/or

Residual flow to centralized and aquifer injection

wastewater treatment facility

Homes with greywater reuse
systems and curbside collection
of recovered urine, blackwater
discharged to collection system

Surface water
augmentatiom

Regional energy recovery facility with
anaerobic digesters for wet feedstock
and gasification for dry materials Advanced water

treatment facility

Facilities for nutrient recovery from urine
and grease recovery from trap waste



IMPACT OF CLIMATE CHANGE
ON RAINFALL INTENSITY AND
OPERATION OF WWTPS
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CURRENT AND PROJECTED PER CAPITA WATER USE
IN THE UNITED STATES

Total
flowrate

Population

(i) Pre-1992
(i) Improved water conservation

(iil) Maximum water conservation

Flow, gal/capita-d

2013 2020 2030

Use Range | Typical | Range | Typical | Range | Typical
Domestic

Indoor use 40 - 80 60 35-65 55 30-60 45

Outdoor use 16 - 50 35 16 - 50 35 16 - 50 35
Commercial 10-75 40 10-70 35 10 - 65 30
Public 15-25 20 15-25 18 15-25 15
Loss and waste | 15-25 20 15-25 18 15-25 15
Total 96-255| 175 161 138




IMPACT OF WATER CONSERVATION AND DROUGHT:
SOLIDS DEPOSITION, H,S FORMATION, AND
DOWNSTREAM CORROSION DUE TO REDUCED FLOWS

H,S carried

downstream
by friction with Large concrete .
moving water wastewater Corrosion of

interceptor sewer crown
and sides

Lateral from o
household Insufficient flow
to scour solids
deposited on

bottom of pipe

ion through
/ downstream pipe

//’ Air st + 202 9H28C)4_

Direcﬂon H2804 + CaCO::,% CaSO4 + H2C03
of flow
el \ H,S partitions into
moisture that has
Wastewater condensed on inside
collection % of pipe. Thiobacillus
system ""'"IJII'I/ > bacteria present in

condensate oxidize
the H,S to form H,SO,

H,S forms under anaerobic conditions
in settled solids and biofilms, where sulfur
containing constituents, e.g. sulfate, are
reduced by sulfate reducing bacteria



THE IMPACT OF CONSERVATION: ENHANCED
CORROSION AND INCREASED MASS LOADINGS

Reduced flow results in  « Per capita wastewater

solids deposition flow rates decreasing
Solids undergo * Flow rates will not
decomposition and Increase beyond current
produce H,S values

H,S is transported with  « Mass loadings of

the water constituents will
Downstream H,S Increase with population
increases the rate of growth without a

corrosion flowrate increase



Use of Existing Collection System For
Source Separated Resource Streams

— Lateral connection for
- blackwater and excess
greywater

Existing 8 in. pipe
used as protective casing
for new plastic pipe

Lateral connection
for blackwater and greywater

Plastic pipe (4 to 6 in.)
retrofit into annular space

Lateral connection
/ for source separated urine

Existing collection system to
transport source separated wastes
and/or stormwater



NEW TECHNOLOGIES FOR
THE 21°" CENTURY

Alternative primary treatment processes
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wetland systems



ALTERNATIVE TECHNOLOGIES FOR ENHANCED PRIMARY
TREATMENT: CLOTH SCREEN (250-300 MM)

Cloth
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treatment l
Primary effluent
Spray nozzle
washes solids
Solids collected into screw press
on cloth filter belt
Screw
P ©). press
Influent /: '
o A _
A Dewatered
@l 1 i solids
. — : Filtered
Continuous
cloth filter belt = N, - efuent

Filtered water
passes through
cloth filter belt




ALTERNATIVE TECHNOLOGIES FOR ENHANCED PRIMARY
TREATMENT: CHARGED BUBBLE FLOTATION
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« 1/5" the size of conventional
clarifiers

« Nanoparticles can be added
to charged bubble for removal
of specific constituents



ALTERNATIVE TECHNOLOGIES FOR ENHANCED PRIMARY
TREATMENT: CLOTH DISK FILTER (5-10 um)

A
— Direction
of rotation

N eitY

Lea Y@M sectiona-A
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Platform carrying backwash

Backwash pump and valves moves
Rows of pump along length of basin
cloth filter  Backwash during filter operation
elements water /
l” "l
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Filtered

Backwash shoe
for removal of solids
accumulated on
cloth filter

Suction header  water
for removal of
settled solids

Vacuum
suction head

Fiber thickness = 0.007 mm
Depth filter L/D = 400 to 800
Cloth filter L/D = 425 to 725

Average Average Average

Parameter Unit influent effluent  removal, %
BOD mg/L 169 59 64.2
COD mg/L 417 147 62.8
TSS mg/L 221 26 87.5
VSS mg/L 116 36 69.0
Turbidity NTU 143 37 735
TKN mg/L 39 36 7.7
FOG mg/L 14 10 28.6
uvT % 28 44 +59.9




Replace and Repurpose
Existing Primary Clarifiers

Aerated Solids
grit chamber  processing
building Anaerobic
digester
Operations
building 0C0
Final
N settling
tanks
Cloth disk filter or
i Chlorine
charged-bubble flotation | ortact tank

Primary
settling
tanks

=
[ .

\

3 /
\ Aeration
tanks

Primary clarifiers can now be used for
influent and/or return flow equalization




NEW TECHNOLOGIES FOR
THE 21°" CENTURY

Alternative primary treatment processes
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wetland systems



Primary Effluent Filtration (PEF) of Settled Raw Wastewater

before Biological Treatment

Primary Primary
clarification  effluent filter

Y Filtered
Influent from — primary
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Primary sludge  Backwash
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Motor
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PEF and Primary Solids Fermentation for
Enhanced Performance and Improved Energy Balance

Internal recycle

Primary
Primary ~ effluent Anoxic Aerobic Sleq?nd?ry
Raw clarification filtration treatment treatment clarification
wastewater = s -
o) Secondary
~— ~ effluent
Pri
r;rgl?drg I/\I Return activated Waste
Primary sludge activated
sludge sludge
fermentation Anaerobic
T digestion
Dewatering
Thickening
ﬁ? Biosolids
Return flows from thickening
and dewatering
Biogas
Condition Effluent TN Air demand | production
PEF only + 53% —18% + 40%
25% PS to
) - 20% - 14% + 16%
fermentation

Courtesy Onder Caliskaner



NEW TECHNOLOGIES FOR
THE 21°" CENTURY

Alternative primary treatment processes
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BACKWASHING UNSATURATED FLOW PUMICE FILTER

Backwash
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Primary
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Overflow filters
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TYPICAL PERFORMANCE DATA FOR PUMICE FILTER

Parameter Unit Influent Effluent
Chemical oxygen demand (COD) mg/L 350 70
Biochemical oxygen demand (BOD) mg/L 130 20
Total suspended solids (TSS) mg/L 60 10
Turbidity NTU 90 5
Total Kjeldahl nitrogen (TKN) mg N/L 260 30
Ammonium nitrogen mg N/L 200 20
Nitrate nitrogen mg N/L 0 100
Dissolved oxygen mg/L 0 6

In single-pass mode at 75 gal/ft?>-d (3,000 L/m?-d) with septic tank effluent

Specific weight = 640 kg/m3
Average porosity =90 %
Particle size =2-4 mm

Jr :l:;\&‘:)l. §

Contact:
Dr. Harold Leverenz
Email: harold.leverenz@gmail.com




ADVANTAGES OF PUMICE FILTER

High organic loading rate
Single or multi-pass operation

Small size can be located in an enclosure to
protect from weather elements

The filter is located above ground

Easy to prefabricate and plumb at treatment site
Being above ground, filter is easy to maintain
Filter is easy to aerate

Lower energy input



RELATIVE SIZE OF ALTERNATIVE TREATMENT
PROCESSES BASED ON NITROGEN LOADING

Technology
Single-pass
Recirculating Recirculating  packwashing
ltem gravel filter textile filter  pumice filter
Nitrogen 8 70 600

loading, g TN/mZ2.d

Plan view
(relative size) . ]
I ]

Profile view
(relative size) '

Filter size for 1,625 m?2 185 m2 29 m2
1,000 persons,

13,000 g TN/d



COMPLETE TREATMENT WITH PUMICE FILTER

- COD and
Preliminary nitrogen Denitrification
solids removal conversion with wood chips

Grinder
pump

—O—<

Y To effluent
N\ L dispersal
Back- \
l washing

Anaerobic filter ﬁg&’gﬁgﬁﬁ?
baffled reactor Flow treatment

equalization,
excess flow to
onsite dispersal

wetland




HORIZONTAL SUB-SURFACE FLOW ANOXIC WETLAND
FOR NITROGEN REMOVAL

Recirculating sand Distribution
or gravel filter valve
i Iitl“/
splitting o
valve
Influent 1
7 S To effluent
dispersal
Sub-surface
Septic tank Duplex Recirculation ~ Filter  Duplex flow anoxic
effluent tank dosing effluent treatlmegt (a)
pumps pumps pumps wetlan

(b)

Courtesy Harold Leverenz
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RECYCLE SYSTEM FOR TOILET FLUSHING

Grinder
pump

/

Waste-
water

o COD and
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APPROACHING NET-ZERO WATER: ENERGY-POSITIVE
MUNICIPAL WATER MANAGEMENT

Water for
drinking and
cooking CaOCl
' : . Advanced
Apartment |- H?;ﬂ'gg - Ag;';lba;ﬁd - oxidation
mineralization

* A
Irrigation

' Metal Vacuum
Stgﬁﬂc > mgggggf mediated ultrafilter
aeration

A

Holding Water from
tank cistern

Source: Jim Englehardt

University of Miami * camiills dorm

College of Engineering . Universjlf of Miami




NEW TECHNOLOGIES FOR
THE 21°" CENTURY

Alternative primary treatment processes
nanced primary treatment

En
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En
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nancec

primary-secondary treatment
removal of algae
wetland systems



ALGAL REMOVAL WITH CHARGED BUBBLE FLOTATION PROCESS

Algae dewatered on straw bed

Thickened algae ~4-5% Effluent turbidity
typically, <1 NTU

Pasteurization for

disinfection
Compressible medium
effluent filtration



NEW TECHNOLOGIES FOR
THE 21°" CENTURY

Alternative primary treatment processes
nanced primary treatment

En
En
En
En

Nancec
nancec

nancec

primary-secondary treatment
removal of algae
wetland systems



INTENSIFICATION OF WETLAND TREATMENT

Surface flow wetland with step-feed and recycle
flow in linear or wrap around design

Surface flow wetland with step-feed, aeration, and
recycle flow

Surface flow wetland with side-stream pure oxygen
aeration

Horizontal sub-surface flow aerated wetland
Horizontal sub-surface flow anoxic wetland

Tidal flow (fill and draw) reciprocating flow wetland
Single pass high ammonia exchange capacity
Surface flow with side-stream zeolite anammox
treatment



INTENSIFICATION WITH STEP-FEED
AND LOW-HEAD RECYCLE
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Wrap around step-feed plug-flow
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with optional recycling|



SURFACE FLOW WETLAND WITH STEP-FEED,
AERATION, AND RECYCLE FLOW
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TYPICAL HORIZONTAL SUB-SURFACE
FLOW AERATED WETLAND

Courtesy David Austin, CH2M



FILL AND DRAIN (TIDAL) WETLAND
WITHOUT OR WITH AERATION

% 1\ 2 g -"ﬁ.: é:'.? ; .@.}f @ -.. | Effluent

ESEERAERRT

Fill
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RECIPROCATING FILL AND DRAIN (TIDAL) WETLAND
WITHOUT OR WITH AERATION AND ADSORPTIVE MEDIUM
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Water
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SURFACE FLOW WETLAND WITH SIDESTREAM
OXYGENATION FOR NITRIFICATION

Sidestream oxygenation
with pure oxygen using
a Speece Cone

Dick Speece |

Adapted from David Austin



TWO-STAGE FILL AND DRAIN (TIDAL) WETLAND
WITH ADSORPTIVE MEDIM

Dosing
siphon

Adapted from David Austin

Avtornatic
Dosing Aitomatic
Apparatus Draining,

Apparatus

Autornatie
Oraining
Apparatus

NN RN

(Circa 1900)

F1g. 1156.—Arrangement of double contact beds.



DESIGN OF WASTEWATER
TREATMENT SYSTEMS
FOR POTABLE REUSE



ARE ALL SECONDARY WASTEWATER
TREATMENT PROCESSES SUITABLE FOR PR?

Aerated
Fine lagoon Settling
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Primary Secondary ~._: :
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DESIGN OF BIOLOGICAL TREATMENT
PROCESS FOR ALTERNATIVE END POINT

Conventional Tertiary
secondary treatment treatment
’Ib ’Il/ i
Screening  Primary Aeration Secondary Chlorine  granyjar
clarifier tank clarifier l media filtration
Influent ; - - 1 v_r
— — o - — - - Dechilor-
N J Q‘> Q‘> N J : ination
Conventional
L Advanced treatment | end pomt
Purified /‘ Advanced Hydrogen |
source oxidation  peroxide Reverse M];:-:I-:nt;_rane
osmosis iltration -
water /|‘_|/|__ Alternative
end point
Concentrate

It IS time to rethink wastewater treatment



IMPACT OF CHANGE IN OPERATION OF
BIOLOGICAL TREATMENT PROCESS
ON OCWD MF RESISTANCE

14

12

Resistence, m-1 (x10*12)

Before nitrification After nitrification

0 QYo = r r r r
1/1/09 3/2/09 5/1/09 6/30/09 8/29/09 10/28/09
Date

12/27/09 2/25/10 4/26/10 6/25/10 8/24/10



PROBABALISTIC ANALYSIS AND
DESIGN OF DECENTALIZED
WASTEWATER MANAGEMEN
SYSTEMS FOR DIFFERENT USES




DEVELOPMENT OF REQUIRED LOG,, REDUCTION VALUES FOR
INDIRECT AND DIRECT POTABLE REUSE

ltem Enteric virus Giardia Cryptosporidium

Untreated wastewater

5 vi 5 4
maximum density 10° virus/L 10° cysts/L 10* oocysts/L

Tolerable drinking

_7 . _6 _6
water density (TDWD) 2.2 x 107 virus/L | 6.8 x 10° cysts /L | 1.7 x 10°° oocysts /L

Ratio of TDWD to

. 2.2 x10*2 6.8 x 10! 1.7 x 10710
wastewater density

Required logio

reduction value 12 10 10




LOG,, PATHOGEN REDUCTION TARGETS (LRTg)
FOR VARIOUS WATERS AND USES

Log reduction targets for 10

Water use Enteric Parasitic Enteric
viruses protozoa bacteria

Municipal wastewater

Unrestricted irrigation 6.0 6.5 5.0

Indoor use 6.5 7.5 6.0
Graywater

Unrestricted irrigation 5.5 4.5 3.5

Indoor use 6.0 4.5 3.5
Stormwater — 10" dilution

Unrestricted irrigation 5.0 55 4.0

Indoor use 55 6.5 50




UNIT PROCESSES IN RECYCLE SYSTEM
FOR TOILET FLUSHING

Chlorine Make-up
. (optional) water from
Diversion well Toilet

Y

Waste-

valve flushing
water E i k -] é (nonpotable)
F

Biological Slow Ozone !

filters sand injecton = MTTTTTTCC Storage
filters Continuous tank
monitoring

with telemetry

low
Anaerobic equal-
baffled reactor jzation Off-spec

water return

|



PERFORMANCE OF UNIT PROCESSES IN
RECYCLE SYSTEM FOR TOILET FLUSHING

Log reduction value for virus

10

0.1

bool bbb b | I:I

e T 00ne (MS2)

//\ Sand filtration (MS2)
: ]
.t "~ Aerobic biofiltration
. . (indigenous coliphage)
- v . 1
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(indigenous coliphage)

-
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|
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| [ | | [ |
Lo OO0 O OO0 OwWw
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999 |-
99.99

Percent of values equal to or
less than indicated value



STASTICAL DATA FOR UNIT PROCESSES IN

RECYCLE SYSTEM FOR TOILET FLUSHING

Log reduction values

Disinfectant Surrogate  Lowest

observed LRVos LRVss LRVss Sg
Anaerobic Indigenous 5 ¢ 573 090 1.02 1.13
biofiltration coliphage
Asroblc Indigenous & 575 4147 158 1.35
biofiltration coliphage
Sand filtration MS2 1.7 1.73 2.43 299 1.23
Ozonation MS2 5.2 5.71 6.42 6.80 1.06
Treatment 8.3 89 109 124

train total




MONTE CARLO PERFORMANCE SIMULATION (10,000
SAMPLES) OF RECYCLE SYSTEM FOR TOILET FLUSHING

20 | | | | ] I | |
" LRVg4 = 11.7
g LRV50 = 10.8
S / LRVp5=9.3 124
L) N R S A S S
=) .
---------------------- @ 1
T 10 (109 |
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© . | 1
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5 | | A : L | |
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o -~ N NMm 1L KOO O g O
:

Percent of values equal to or
less than indicated value



CLOSING THOUGHTS

Must think differently about wastewater
Must embrace new technologies

Must consider different treatment endpoints
Must consider probabillistic design

Must consider alternatives methods for
resource recovery

IT’"S A NEW WORLD
UNLEASH YOUR IMAGINATION!




THANK YOU
FOR LISTENING



URINE SEPARATION AND
NUTRIENT RECOVERY



NUTRIENTS AND TRACE ORGANICS IN DOMESTIC
WASTEWATER: A CASE FOR URINE SEPARATION

Greywater
100 /
[ 7 1 T 1
Greywater ~ CGreywater
f
80
O\O B h
= 60 Relative -
2 Greywater distribution
'g . unknown,
g. - | Urine preliminary -
s 40 >85%
O : Urine in urine Focss
Urine and
I urine
20 /
Nitrogen Phosphorus  Potassium Volume  Trace organics
Wastewater constituent

Source: Jonsson et al.(2000) Recycling Source Separated Human Urine.



SCHEMATIC OF SEPARATION PROCESS FOR
THE RECOVERY OF NUTRIENTS FROM URINE

Raw : Packed
Crystallizer . SN
feed Y \ distillation Condenser
P column __| -
[ — Water
Struvite
tank Condensate
';aeﬁf v ~\Water (@ammonium
[ bicarbonate)
|
Steam — — Sterile, nutrient

deficient brine



URINE SEPARATION PROCESS AND PRODUCTS
(Ammonium bicarbonate and struvite)




URINE SEPARATION FACILITY AT MICROBREWERY,
DAVIS, CALIFORNIA

[8(@L.T\UEH'S  stainable Fertilizer Recovery from Urine

Jessica Hazard, Harold Leverenz, Ph.D, PE and Rus Adams, PE
of Cavtami

Advarced Enuronmantal et ((C.

2,000 gallons of the highest quality

drinking water is wasted per person

i e rns e o o, o aod e ine.
o, o, e “ per year by flushing urine
S e s 0 i s e e e

That e coune urvere enironmental Comequences Ihat Wi fsh and leaves Alternative uses for Urine
et e oo e s o SOOI

L e smoge s scsmems Fertizer

Drought i . T o s e e o
Th 1 il fom st gt s s e ool s oo otucion
A T g A DAl
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e e

st Hevsbceain] 3 corce-.-s108 Ammssan Bsrsorate
(BWIXCD,. These sstbronly e  frihours aru eacy ceed,

Photshuce QAP et

A& @ Separating urine from wastewater has the
. 1 potential to eliminate 80% of the nitrogen
-

and 60% of the phosphorus from
wastewater without making any changes to
9 treatment plants.

UC Davis Research Project

e Specitcaty,
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URINE SEPARATION, STORAGE, AND NUTRIENT RECOVERY
FROM BUILDINGS AND INDIVIDUAL RESIDENCE

Solar panels for
residential use and
wastewater treatment
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Urine drain from unit tank
separating toilets and
waterless urinals

Urine collected
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