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Water Service Connections
TYPICAL WATER SERVICE CONNECTION

A Water Service Tap
|s Connected To The
Distribution Main

A Service Valve s

Located In City
Right-of-Way

A Water Meter and Reading Panel
(ARB) Is Located In Either The
Basement or Underground Meter
Box on the Service Property

Water Meters Will Be Located Either in the Basement or
Underground Meter Box

- Reading Points Will Be Mounted to Structures or
Manhole Lids





Walk-By Meter Reads
TYPICAL WATER SERVICE CONNECTION

=\Walking Speed

=Touch or Passive Radio
=Average 40 Meters per Hour
=Bi-Monthly Reading History

Physical Touch-Read Passive Radio Read

- Induction or Pin-Type






_m

Typical Meter Route

A A mix of radios and pin
box. It takes about 5.5
hours to read this type of
meter route

yyyyyy





Drive-By Meter Reads
TYPICAL WATER SERVICE CONNECTION

=Normal Driving Speeds
=Active or Passive Radio
=Average 360 Meters per Hour
=Monthly Reading History

Active Radio Read
-40 Day Log
-Higher Power

Passive Radio Read





Spokane Drive-By Network

i

()]

o

Eagle Ridge

Large meter route over 900 currently in
use. Previously it took three days to
read now can be done in 2.5 hours.
600 of the 900 can be read across the
valley from Hatch Road.






Fixed Network Meter Reads

TYPICAL WATER SERVICE CONNECTION
<>

LS

»Automated Collection
=Active Radio

=Read Anything Within Range
=Daily Reading History

Active Radio Read

- H|gher Power Tank Mounted

Radio Collector
- SIA

Collector Calls For Reads
Radios Respond





Spokane Fixed Network

Ry

West Plains
Fixed Network began
as a beta test. 1300
end point radios
were installed
currently 600 are
active. The end
points send a read to
the collectors at SIA
and Thomas Mallon
Tanks every 4 hours.







Primer on Service Meters





Today’s Topics

* Different Types of Meters
* Reading Meters





Why do we have Meters Anyway?

Money!!
* Service Meters are Used Measured Usage
* Rate Customer Fees

e System Dynamics

e Balance Well Production for Unaccounted For
Water Factoring





Types of Meters

* Water Service Displacement Meters

Magnetic Meters

Turbine Meters

Single and Multi-Jet Meters
Compound Meters





Positive Displacement Meters

Two Types — But only one to remember

* Piston-Type PROS
* Nutating-Disc Type |* Very Accurate at Low
Flow

CONS

* Higher than Normal Head
Loss from Friction

* Under Register with High
Flow or Excessive Wear






Nutating-Disk Displacement Meter

Register Box

Register

Control Block
Assembly

Disc
Chamber

Strainer

Disc and Ball






Flow Range

Positive Displacement Disc or Piston Meters

Meter Size Flow Range
(inches) (gpm) 2

5/8” %-20
11/2

3/4” % - 30
1” % - 100 1
1%" 1%-100

3/4
2% 2 - 160 /

50 N

Source: AWWA Water Operator Field Guide 0

50

100

150

200










Types of Meters

* Water Service Displacement Meters

* Magnetic Meters

 Turbine Meters
e Multi-Jet Meters
* Compound Meters





Magnetic Meters

* Piston-Type PROS

* Nutating-Disc Type |* Maintains Accuracy

* No Moving Parts

CONS

Integrated Battery places

a hard limit on meter
life






Mag Meter

Remanent Field
Technology

Y st ) Measures the
magnetization left
behind in a material

Flow Tube  Eml=Bw

L Elacwank after the external
W?TE“"
l—'Wf

magnetic field is
removed.

Magpnetic Field

W agnetic
Flaw
Sensors

Floertube

Strainer

[>]

Faraday’s Law

Mag meters operate on the principle of Faraday’s Law. The velocity of the fluid is directly
proportional to an induced voltage (electromotive force) as the fluid flows through a
constant magnetic field. As the velocity of the water increases, the induced voltage
increases and in turn the volume of water measured is greater.





Flow Range

Residential Mag Meters

|
(inches) (gpm) L _
5/8” 0.11-25
1” 0.4-55 3/4
1% N/A §
z i I
5/8
Source: Sensus, iPearl Product Literature






Types of Meters

* Water Service Displacement Meters
* Magnetic Meters

e Turbine Meters

* Multi-Jet Meters
* Compound Meters





Turbine Meters

* Rotor Turns in
Proportion to the
Velocity of Water

PROS

e Little Friction Loss
* Accurate at High Flows
e Handle Turbid Waters

CONS

* |Inaccurate for Low
Flows






Turbine Meters

Register Box

Flow .
Chamber ¥ia 5 - : Turbine

Assembly

Strainer






Flow Range

Turbine Meters

Meter Flow Range
Size (gpm) 12
(inches) 0
1%” 4-160 .
2 4-160

6
3 8-350

4
4 15-630 .

3
6 30-1,400 i

, N
8 50-2,400 .

11/2" B

10 75-3,800
12 120-5,000 0 2000 4000 6000

Source: AWWA Water Operator Field Guide










Types of Meters

* Water Service Displacement Meters
* Magnetic Meters
e Turbine Meters

e Multi-Jet Meters

* Compound Meters





Multi-Jet Meters

 Multi-Blade Rotor

* Cylindrical
Measuring
Chamber

PROS

* Suitable for Low to Mid
Range Flows

* Less Wear than Disc-Type

CONS

e Same Head Loss to
Positive Displacement






Multi-Jet Meters






Flow Range

Multi-Jet Residential Meters

Meter Size Flow Range
(inches) (gpm) 2
5/8” Y- 20
11/2

3/4” Y2 - 30
1” % - 50 1
1%’ 1%-100

3/4
2 2-160

5/g

Source: AWWA Water Operator Field Guide 0 50 100 150 200





Types of Meters

* Water Service Displacement Meters
* Magnetic Meters

* Turbine Meters

* Multi-Jet Meters

* Compound Meters





Compound Meters

. 2-.|n-1 Design PROS
* Displacement .

(Low Flow) * Wide Variations in Water
* Vertical Turbine Demand on Single
(High Flows) Service

CONS

 Small loss in accuracy at
transition points
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Flow Range

Compound Meters

Meter Flow Range
Size (gpm)
(inches)
2 % -160 §
3 v 350 ,
4 % -630 i
6 1% -1,400 3

, N

0 500 1000 1500

Source: AWWA Water Operator Field Guide





Compound Meters — Another Type

Turbine
Assembly

High Flow
- Register Box

Low Flow
Register Box

Disc and Ball
(not shown)






General Meter Installation Checklist
. _____________________|Yes |No [N/A

Installed Horizontally, with isolation valves before and after?

Are there a minimum of 5-diam length of straight pipe installed
and 3-5 lengths after?

Is a strainer installed before a turbo or compound?

Is a UL/FM strainer installed ahead of any meter providing fire
service?

Is a bypass installed for repairs?

Is the meter before any backflow assembly

If in a pit/enclosure, is remote reading device installed

Test plug installed after the meter?

If in pit/enclosure, is the opening large enough to remove meter?

Was the appropriate smallest sized meter selected?

Source: AWWA Water Operator Field Guide
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History of the World

7,000

« Treatment Technology Drivers
6,000 — Population growth
 War
* Industrial revolution

— Disease

4,000 _
« Foundational Steps

. — Theory of waterborne disease

— Disinfection
2,000 — Coagulation

— Filtration ‘
1,000

\a ~ N ©
A —4 1) 1< 0

5,000

World Population (x 1,000,000)

0
10000 BC 8000 BC 6000 BC 4000 BC 2000 BC 2000 AD

AZCOM






Exponential World Growth Rate

7,000
6,831 (2010) > ©
6,000 /7@
_ 1,648 (1900) 6,057 (2000)
S 5,000 Chlorine disinfection UV light discovered
= discovered; AWWA formed to easily inactivate
=] protozoa
i
X 4,000 945 (1800)
5 First municipal
"_3 treatment; Waterborne
§_ 3,000 disease identified
o
: 562 (1600)
= 2000 Microorganisms
discovered; home
filters in France
1,000

400 800 1200 1600 2000






Scientific Development

John Snow
circal850

« 19" Century Science
— Epidemiology discovered
— Linking disease with water
— Discovery of microorganisms
— Germ theory

— Discovery of disinfection and ==
the use of chlorine in hospitals ==

imeline A:COM
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Treatment Issues Today

LT 2 Compliance Is a big reason.
Giard
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Surface Water Treatment Basics

AAAAAAAAAAAAAAAAAL

~ - -

Cl, NH,CI

RAPID FLOCCULATION/ FILTRATION
MIX SEDIMENTATION

onventional)

j.,.. ) %m;?@mmuss—a,p






Relative Sizes of Small Particles






Pressure versus Immersed Membranes






Surface Water Disinfection Advances

AAAAAAAAAAAAAAAAAAL 1Y 77
| < »
<« »
/ - ® < >
~ | — > >
B < * NH,CI
Pre Disinfection RAPID FLOCCULATION/ FILTRATION uv

MIX SEDIMENTATION DISINFECTION

>






Ozone For Taste and Odor Control






Surface Water Particle Removal Advances

- L. ™ -
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Civilizations Formed Around Water

Importance

— Quantity

— Aesthetics ik

— ‘Healthy’ sources x\ a'}?

- Challenges '}

— Natural contamlnants\ ZH
e
!

N

« Turbidity ot s
* Algae

-—





Improving Water Quality

* Ancient Greece
— Boiling water, heated iron
— Aeration basins
— Charcoal, sand & gravel filters
jht exposure

==

o e, —_— e — A — e ——

« Ancient Egypt
— Alum clarification

2000 imeline  A=COM





Bringing Water to the People

Ancient Persian Qanats (Underground aqueducts)

e » Persia
— Underground (Qanat) aqueducts

2000 imeline A:COM





Bringing Water to the People

* Rome
— 130 MGD aqueduct system

. /| Ancient Roman
above-ground aqueducts

2000 imeline A:COM





On the Heels of Invention....

« Middle Ages

— War and pestilence
— Technology faltered

— Hippocrates advocates boiling
water with cloth straining

Basilica Sant’ Apollinare Nuovo

Ravenna, Italy

circa 500 AD
e
& S o & Middle Ages
° & ¢ I e ——
©) ©) ©) (©)
I I BclaD imeline  A=COM
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On the Heels of Invention....

P_orous stone, used for water filtration : Ventu rlng OUt

EREEOLD — Escaping disease, war
— ‘Portable’ Technology
— Cloth and stone filtering

O
o Q
(9) 3 (3 Q : \)*
(2 \ o Middle Ages O &
) * 3 6\ 1 AP\
‘ Q' 0 ° m———— . , ?: 0
4000 2000 1000 BC'AD 1000 o000 meline - AZCOM





Modern Surface Water Advances

« 17%-18t Century Europe
— Microorganisms discovered

— In-home water filters
patented in France

— Cities becoming larger

« 19" Century Scotland

— First municipal treatment,
distributed by horse & cart

— Scottish regional piped

-
1 »
.
" 3 3
(&} D
R Fo
E
5 g}
3 Y

Leeuwenhoek microscope dIStrIbUtIOn SyStem
circa 1670s O
& & &° & Mddleages
‘ Q @ 0 ————- _;_ ______ : e o .
4000 2000 1000 BC'AD 1000 2000 "'mene - AZCOM






Modern Surface Water Advances

« 17%-18t Century Europe
— Microorganisms discovered

— In-home water filters
patented in France

— Cities becoming larger

|+ 19" Century Scotland
ik | — First municipal treatment,
The FIRST piped water distribution system: distributed by horse & cart

Loch Katrine in Glasgow, Scotland, 1800s ] _
— FIRST regional piped
distribution system

O
& & P «  Middle Ages o@‘\:\
‘ 1_9, _l_e _l_l_o — S ' _e - ©O
sclaDp A imeline A:COM

4000 2000 1000 1000 2000





Technology Development

« 19" Century Technology

— Poughkeepsie slow sand filter
plant was a first’ in America |«

. M &
Poughkeepsie WTP
circa 1875

& & e ©  Middle Ages @{\o?
& & & C— — S
@ ® G 0 C s ©) (O m—
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US Regulations

* Exponential U.S. Growth
— 1893 Interstate Quarantine Act (USPHS created)
—1912: Common drinking water cup banned
— 1914: Trains must show <2 coliforms /100 mL

— 1925: First treatment regulation (softening)
« Metals requirements (lead, copper, zinc)
 Bacteria <1 coliform /100 mL






US Regulations, continued

* 1946, 1962

— Distribution system bacteria monitoring
— Various chemical monitoring

e 1970: President Nixon Creates USEPA

» 1974 Safe Drinking Water Act (SDWA)
— First legally binding standards

— Systems >25 persons
-’75, 76, '79 (THMs), & '80 amendments






US Regulations, continued

« 1986, 1989 SDWA Amendments
— MCLs, MCLGs
— Long-term health protection

Acute Long-Term
Health Risk . | ~ Health Risk






S (Regulatory Soup, Science, Engineering)

Ammoni&(‘hlorate Nitrate & nitrite, Nitrate, Nitrite, Phosphate, Sulfate, Thallium
End § Desisopropylatranne, Lindane, Methoxychlor, Toxaphe N
S b, A ochlor, Paraquat, Prometon (2,4-bis -6- -(isoprgp
—— “m‘msate Oxamyl (Vydate)iSimezing, Picloram, Dinoseb, Aldica
sofuran, Aldicarb, Atrazing, AMachitng asso), EPTE(E m
fluralin, Ethion, Heptachlor, 3-Hyd -/~'~' carbofuran, Heptac
achlor, Propachlor, Bromacil, Dactiall Didron, 2,4
op, Bromomethane, Isophorone, algha-Lindane, _ind;
camba, lodomethane, Chloropicrin) Metritiuzifi, Bentazos
alero), Foaming agents (surfactant$), Phenols, 1,2 Dibrg
: “hlordane, m-Dichlorobenzene, Ethylbenzene, Pe ‘-h
Chle 'a, Bromide, Arsenic (total), Chlorate, Baﬂum( al), Cadm
(t: de, Lead (total), Manganese, Mercury (total inoerganic), N
Nitteo .~ nium (total), Silver (total), Strontium, Sulfate. 4 ‘ ifimony |
(tot Lithium, Molybdenum, Thallium (total), Vanad , MBAS
Phc Lindane, p-Isopropyltoluene, Di(2-Ethylhexyl) dipa(o Di
tadiene, 1,4-Dioxane, Endosulfan |, Butyl Acefate, Ethyl ef

Chl MW 18,0153 ¢ romethane, Bromomethane, Chloroethaney Trichlorofluot
[ n-N e, 1,2-Dibromoethylene, Acrylonlttﬂe. Acetone, Isopropyl
Hex Tap Watef thyl ketone. Naphthalene, Methyl isobutyl ketone, MTBE:
- Ace orone, T drofugsn, Fluorene, 2- exanone, 2,
Hex {H:0 with impu® g u rgne, Anthraetric, Diethylphthalate, Biethylphthd

Pyri ¢ For et styl Benigylphtbalate, Methyl methacrylatéy Chirysene, Ing
Dib. ﬂoropheH(-xano 1,2,4-Trichlorobenzeng/ cis-1,2-Di¢
pohy }s), AroclorRJO16, Aroclor 1221, Aroclor 1232, Aroclor 1242,
1254, —— propene, 1,3-Dichloropropane, 1,2,5-Trichloropropane, 2,2
1,24 \‘ = A richlorobenzene, n-Butylbenzene, 1,3,5-Trimethylbenzene

sec-Buie: e «Oromethane Chloropicrin, 2-Nitropropane, Glyoxal, Trichloj
Foaming agon[s (surrartants) Phenols, Ethylene dibromide (EDB), Xylenes (total), Formz

j/

Source
Contaminants

Pathogens

Acute Health Risk Long-Term Health Risk  Mutagenic, Teratogenic

AZCOM





US Regulatory Change: Chronic Health?

» Scientific Methods Finding Contaminants

— Parts
— Parts
— Parts

* Engineering Advances
— Biological processes
— lon exchange
— Ballasted flocculation
— More.

* Population Trends.......

ner mi
ner bl

ner tril

lion (mg/L, 1 drop/barrel)
lon (ng/L, 1 drop/tanker truck)
lon (ng/L, 1 drop/football stadium)






Today’s Discussion

* Emerging Issues
— Drought & reuse
— Contamination of sources






“Foundational” Conventional Treatment

* One-Size (Almost) Fits All

« Conventional Treatment

— Pathogen disinfection

— Particle destablilization =
— Particle and organics removal <
» Variables

— Chemicals

— Engineering design
* ‘New’ Changes: Tailoring to Source Specifics

AZCOM






Treatment "Tailoring

* Drivers
— Contaminants
— Aesthetics 4
S 8- S
— Digital technology
— Energy / power

— Funding

1

+ 15t & 39 World Inequality






Drivers for Change: Contaminants

* Contrived (man-made)
— Industrial and other produced chemicals
— Ground, surface, and sea water (and polar regions)

— Reservoir s (power generation, flood protection)
 Nutrient loading / biostability
 Algal by-products

 “Natural’
— Interaction with animals, minerals, and insects

— Climate change related
« Extended Drought
« Extended Flooding






Surface Water Disinfection Advances

AAAAAAAAAAAAAAAAA

/ — ° p— [r———
~ | —

ol L ] NH,C
RAPID FLOCCULATION/ EILTRATION

MIX SEDIMENTATION

Hours / days of exposure

== ;—;;:—E’i ——






Surface Water Disinfection Advances

AAAAAAAAAAAAAAAAA

/ -— ° —
~ |
NH,CI
RAPID FLOCCULATION/ BIOLOGICAL
MIX SEDIMENTATION FILTRATION

Ozone Gas






Surface Water Particle Removal Advances

_>
slud"L A 1 |

4-— fg_%;Lgi, O

ed Air Flotation:






Surface Water Particle Removal Advances

34

llasted Flocculation:

SLUDGE

MICROSAND
RECIRCULATION

CLARIFIED
WATER

COAGULANT COAGULATION INJECTION MATURATION
BASIN BASIN BASIN e
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Surface Water Particle Removal Advances

| Microfiltration Microfiltration
40 gpm 30 MGD






Reverse Osmosis
18” Diameter Membranes

"
pes ,\'i‘ « Large-Scale Micropollutant Removal
L &‘ — Pharmaceuticals
B A

— Pollutants / Toxins





?\O\“

1x105/mL

" 4 percent difference between
CFD-i and biodosimetry

Mofidi et al., 2004





*Micro” and “Nano” Materials

Micro-
Organism

Racterium

Microspheres

Particle mimics
microorganisms (size ~ 5 um)

Trajectory through UV reactor
similar to microorganisms’

Linked UV-sensitive
chromophore

Becomes fluorescent under
UV irradiation

Bead fluorescence intensity
correlated to UV dose
received

FI measured by flow
cytometry

Shen & Mofidi et al., 2009

A=COM





Tailoring Treatment: Multiple Objectives

Ozone gas flow ‘ Hydrogen peroxide flow

’ = Locations where ozone residual is monitored (disinfection credits are only calculated through cell 6)

Mofidi, 2006

AZCOM






“Perfecting” Treatment: Data Management

# Avionlcs Controls Demo

e Optimize real-time data
monitoring

 Identify additional means
to improve treatment
efficiency

 Increase number of
treatment barriers

— Reduced time in the water
use cycle

— Increase protection
against disease

Vertical Speed
Pitch Angle ] Roll Angle
Altitude ] Heading

Tum Rate : | Tum Quaity






Thank You
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Groundwater Sources

A comparison of Surface and Groundwater Sources






Top 5 Differences Between Surface and Groundwater Sources

Number

1. Source Capacity

Source Protection Issues
Storage Potential
Regulations

Treatment Technologies
— lron and Manganese
— Arsenic

— Nitrate

a bk

] | 1a S——

CH2Z2NVIHILL. i





1. Source Capacity

Individual Wells Collector Wells

* 107,000 gpm . 3,500 to 35,000 gpm
« Most municipal wells 100 to 1,500

Pump
Mud pit
{connected to borehole)
e '.’.-:. : Rotating drill rod
Drill rods » -‘-;?}'-': 1%
by | % Drilling mud .
(flowing down by gravity)

"+, - Borehole wall

CH2Z2MHILL.

L
f & & & & 8 8 0t

f £ & 4 0t 8

Drilling mud with drill cuttings

{flowing up by pumping)

_-Rotating drill bit

i

| L O sy

o 4 e boee ———d et - —— e o kb
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2. Source Protection

Wellhead Protection
Areas

Wellhead Protection
Plans

Impacts from Pumping

CH2Z2NVIHILL.





« Aquifer Storage and
Recovery

 Store Water for Peak
Day

« Change Water Quality

CH2Z2NVIHILL.





4. Drinking Water Regulations

Reqgulation Surface Water Groundwater Key Provisions

Stage 2 DDBP Rule Identify Worst Sites.
'\/ \/ MCLs for TTHMs and
HAAS
FBW Rule FBW Recycling

Radionuclide Rule MCLs and MCLGs for
RA228+228, gross alpha,
beta particle and photon

adloactlwi and Ur

NPDWS MCLs

Groundwater
Treatment
Rule

MCLs for Total, Fecal &

TCR
e-coli

Copper Rule

* susceptibility

« Deficiencies

* Monitoring

* Treatment (CT=6
mg/L*min)

* MCL =10 ug/L

* New Cancer Rates
being Reviewed

* MCL will likely be lowerd

* Lead levels higher with
chloramines

* ORP major factor

» Orthophosphate

» Steady Water Quality in
DS

Lead and

* Chloride:sulfate ratio

* Manganese
* Fluoride
* Chromium VI

Regulations will continue to Affect Groundwater Utilities

CH2Z2NVIHILL.






5. Groundwater Treatment Technologies
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Coagulation- filtration
Biological Filtration

Hydrous Manganese Oxide
Filtration

Oxidation/precipitation/filtration

v v v v v v v v v Vv vV V

Reverse Osmosis

Nanofiltration

Membrane
Processes

Ultrafiltraiton

Microfiltration

Iron Oxides

Sorption

Manganese Dioxide

Granular Activated Carbon

Cation Exchange

v
v v v v v v v v Vv Vv Vv V

v v

Anion Exchange

[e100J01N

sapijonuolpey

v v v v v v v v Vv

Electrodialysis Reversal

v v

sjueujweluo) Arewnd
SlUBUIWEIUO0D AJRpuU0dasS

Barium Sulfate Precipitation

Excess Lime Softening

S19NpoId Ag UOIIBUISI 7 SIULIIBJUISIA

Pellet Softening

Precipitation

Aeration

Ozonation

Permanganate

Chlorine

Chlorine Dioxide

Chloramine
Ultraviolet
UV - Peroxide
Lime

Carbon Dioxide
Soda Ash
Caustic

Chemical Feed Systems

Silicate

Polyphosphate

Orhtophosphate

Limestone

CH2Z2MHILL.

ssaupJteH

asauebuep

SpIj0S PaA|0SSIq [e10L
aplIojyd

v v v v

v v v v

10pO pue 91se |

<

N < B < B <

wnuiwny

AlIAIS0110D

By By

<

AN

apuon|4

sjuabe BulweoH

<

By By





Iron and Manganese Removal
10 MGD Plant Completed June 2010
$4.5 Million

Southlake Water Treatment Plant
Clark Public Utilities,Vancouver, WA

CH2Z2MHILL.

Treatment Technology

Aeration followed by *No chemical use
filtration *Easy to operate

(| lerglpEtile] R [T «Chlorine often used for
by filtration disinfection and present at
treatment plant

Ozone followed by +Strong oxidant, requires little
filtration reaction time

Chlorine dioxide Effective for iron complexed with
followed by filtration organic material
*No trihalomethane formation

Potassium +Strong oxidant, requires short
SEINMERTEREIER ]Il reaction times

by filtration *Can reform manganese dioxide
coating on media

Biological filtration *Easy to operate

*Low operating cost

lon exchange *Easy to operate

\ERBEREE N EREEREN «Very effective for manganese
filtration *Can achieve high loading rates,
but often not done

Oxide coated sand *Effectiveness depends on type,
filtration thickness, and oxidation state of
coating

*Easy to operate

Pyrolusite media *Easy to operate

filtration «Can achieve high loading rates
*Low operating costs

*Very effective for manganese

Membrane filtration *Easy to operate
*Can achieve high loading rates

Stabilization, *May reduce precipitation in parts
sequestering of the distribution system

Lime softening «Can effectively precipitate iron
and manganese

*Entrained air can interfere with filtration if not broken

*May require breaking head and repumping

*Not effective for manganese removal or iron complexed with organic
material

Low filter loading rates for effective removal

*High capital cost

*May require pH adjustment for manganese removal because of slow
reactions at low pH

Low filter loading rates for effective removal

*Easy to operate

*High capital cost

*May oxidize manganese to permanganate

*May oxidize manganese dioxide—containing media to permanganate
+Difficult to operate

*High capital and operations and maintenance costs

*Generated on site with variety of chemicals

*Requires careful operation and maintenance

*Chlorite is a by-product

*High capital cost

*Causes staining if spilled

*May be overfed, resulting in pink or purple water

*Requires start-up period initially and after prolonged shutdowns
*May require two stages for iron and manganese removal

*High capital cost

*Only effective on reduced forms of iron and manganese

*No preoxidation should occur before ion-exchange unit

*Fouling is common

*Taste may be less palatable than with other methods

*High capital and operating costs

*Often used in combination with anthracite media for iron filtration
*Media may crack

*Recommended use with permanganate feed

Effectiveness depends on type, thickness, and oxidation state of
coating AU//correct to have this entry for both Benefit and Drawback
*Moderate capital cost

*Moderate capital cost

*May cause fouling

*Chemical preoxidation must be carefully controlled

*Moderate to high capital and operating costs

«Iron and manganese will still precipitate in the distribution system,
especially where water stays in the system several days or in hot water
systems and appliances

*Not effective for high levels of iron and manganese

*High capital and operating costs

*High levels of solids produced

*Requires significant operational oversight and maintenance






Technology

Conventional filtration

Reverse osmosis
membrane filtration

Nanofiltration

Arsenic Removal

Ultrafiltration

Coagulation/microfiltrat
ion

Activated alumina

lon exchange (anion
exchange)

Iron-based sorbents

Titanium-based
sorbents

Lime Softening

Longley Lane WTP
Truckee Meadows Water Authority, Reno, NV

CH2Z2MHILL.

*Common technology
Effective, especially when arsenic pre-oxidized
and pH kept below 8

*Removal of As(lll) and As(V)

sInorganic, microbial, and organic removal also
achieved

*Removal of As(V)

*Microbial and organic removal also achieved
*Removal of calcium and magnesium may be
achieved

*Flux and recovery rates higher than with reverse
osmosis or nanofiltration

*Microbial removal achieved

*Waste stream can often be sent to wastewater
treatment plant

*Highest flux and recovery rates of membrane
processes

*Some microbial removal achieved

*Waste stream can often be sent to wastewater
treatment plant

+Less sensitive to water quality than ion exchange
sLonger run times than ion exchange

*Works better at higher pH levels than activated
alumina
Nitrate removal can also be achieved

*Arsenic in backwash water is usually very low
*Relatively easy disposal of solids

*Some adsorbents have a fairly high sorption
capacity

*Arsenic in backwash water is usually very low
*Relatively easy disposal of solids

*Some adsorbents have a fairly high sorption
capacity

*Works over wide range of pH

Effective removal at pH above 11.

*Coagulants can be added to aid co-precipitation.

*Performance declines above pH 8Arsenic
should be pre-oxidized

*High coagulant doses sometimes required.
+Alkalinity addition may be needed for soft
waters and high coagulant doses.

*Low recovery and flux rates are typical
*Pretreatment and posttreatment required

*Sensitivity to water quality

*Low recovery and flux rates are typical
*Pretreatment and posttreatment required
*May not be effective for As(lIl)

*Removal of particulate As only, unless
pretreatment with a coagulant is needed for
removal

*Preoxidation and pH adjustment may be
needed

*Pretreatment with a coagulant is needed
for removal

*Preoxidation and pH adjustment may be
needed

*pH adjustment often needed
*Aluminum levels may increase in finished
water

*Hazardous chemicals needed for
regeneration

*Residuals handling is difficult with
concentrated high-pH liquid stream
*Sulfate levels may reduce run times
*Higher arsenic levels may leach from resin
near end of run

*Requires regeneration and handling of
concentrated brine solution

*Periodic media replacement required
*Cost and length of media use before
replacement is needed is dependent on
water quality

*Capacity decreases with increasing pH
*Periodic media replacement required
*Cost and length of media use before
replacement is needed is dependent on
water quality

*High concentration of solids produced
*Some systems can require significant
operational oversight






Nitrat Tretmen

S
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Anion Exchange Vessels Under
Construction

Glendale, AZ
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Nitrate Treatment Benefits Drawbacks
Alternative

Anion exchange

Biological removal

Nanofiltration

Reverse osmosis

Electrodialysis

reversal

*Many commercially available systems
*Lowest capital cost

*Relatively easy to operate

*Easy to automate

+Also removes arsenic

*No brine waste

*Relatively easy to operate
*Also softens water and removes some
inorganics and organics

*Relatively easy to operate
+Also softens water and removes many
inorganics and organics

Lower pressure requirements than other
membrane systems

*Provides softening and removal of other
inorganics and organics

*High total dissolved solids liquid waste
stream
«Efficiency is dependent on water quality

*Requires postfiltration
*Few commercially available systems
*Requires carbon source and nutrients

*May require extensive pretreatment
*Requires significant maintenance
*Operates at high pressure

*Relatively high capital and operating costs
*May require extensive pretreatment
*Requires significant maintenance
*Operates at high pressure

*Relatively high capital and operating costs
*May require extensive pretreatment
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