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Btory of Water Treatment

,‘O BC Greeks boiled water and used charcoal
'OO BC Egyptians practice type of coagulation
-3 0 BC Romans pipe water via aqueduct from

purer sources (New York City today)
: 1800 AD Municipal sand filtration in Scotland
— s 1881 Municipal coagulation in England.
* 1905 Commercial water softening in Germany
* 1908 Jersey City first US city to use chlorination




3WWs.and Regulations

The Process

bllc concerns and/or a recognition of link between
cause and effect
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gderal Water Laws
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VEers & Harbors A
8 Water Pollution Control® 1977 Soil & Water
Resources Conservation

1956 Federal WPCA Act
,'65 Water Quality Act 1987 Water Quality Act
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> Texas Water Laws

e TCEQ Title 30 Chapter 290
* TCEQ Title 30 Chapter 311
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:_'6 microbiological contaminants
~ - 1 physical parameter
& - 5 disinfection by-products

= _ 3 disinfectants
- 16 Inorganic contaminants
--53 organic contaminants
- 4 radiological contaminants
- COH monitors 25+ other
“unregulated contaminants”
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Relative Size of Pathogens

~ - Protozoa
"~ - Bacteria

Giardia Cyst E. Coli Bacteria Morovirus

- Viruses

sizes are approxinmate
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. Components of a Municipal Water System




Water Treatment Process
Ground Water




Water Treatment Process
Surface Water
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Water Treatment Process
Surface Water -




Water Treatment Process
Surface Water

Surface Water Produetion
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pagulation Process
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SRtIrpose: Removal of Particulate Matter

“changing alarger number of small particles to a
- smaller number of large particles.

E0mmon Coagulants
_"'Aluminum sulfate [Al,(SO,).] — Alum
B - Ferric sulfate [Fe,(SO,);] - Ferric
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iltration

Eiltration Ranges

Visible to Naked Eye
I R
Molecular Range Macromolecular Range Micro Particle Range Macro Particle Range
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1 Angstrom Unit = 10-10Meters = 10-* Micrometers (Microns)




iltration

SEaV ity Filter (Anthracite Sand)

-

Wash troughs

Cast irl‘on
manifold

(Turbidity 0.1 NTU at end of process)



iltration

sReverse-Osmosis (Plant Production)
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High-pressure

Feedwater pump

pump

Waste discharge




iltration

Reverse-Osmosis (On-site)
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= Fits all Electrolux
‘ branded refrigeratars.”

* Enjoy fresher tasting water

and Ice, while reducing your.
impact on the environment.

» Replace filter at least
avery B months 1o ensure
fresh tasting ice and water.
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dness Removal

Alhat is Hardness?

Water hardness Is defined as the amount of
~divalent metallic cations in the water and is
= expressed in mg/L as CaCO;.
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g - The major divalent metallic cations that contribute
=~ to water hardness are calcium (Ca?*) and

.
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— magnesium (Mg?*).
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- Mainly a concern with well water
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dness Removal
rdness Concerns

cale formation in a distribution system, hot water
~ piping and fixtures.

-?'Soap “‘Demand”: making lather or suds for
& washing is difficult.

Grains/Gal
Less than 1
1 —3.5
3.5 -7
7 -10
Owver 10

mg/L & ppm

Less than 17.1
17.1 - 60
60 - 120
120 - 180
Over 180

Classification
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dness Removal
BRWO-Stage Lime Softening
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Lime (CaO) and/or Soda Ash (Na,CO,)

'
%
-
8 ‘“).

rd Water —— Mixing Flocculation

-—

-

e

-

S
i -

- — — e
e e, X
-‘_‘ — .- -

- | —
| —

- -
e -

- —

—

CO, =9
l edimentation l \%edimenta on

Soft Water <
Recarbonation Recarbonation

Sludge




.E.‘
dhess Removal

| <+—— Softened water
to house

-+——— Timer and valve

'oftening reaction:

Ca?*
} N }R + 2 Nat
Mg#

= Regeneration reaction:

manifold

Float-controlled valve =

}R+2NaCI<—> R+ }CIZ




infection Process

fection Goals

+= Inactivate pathogenic organisms

&= Provide disinfectant residual to protect
distribution system from contamination

Enterobacter
aerogenes

Escherichia coli Alcafrgenes
viscolactis
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afection Process

orine
oramines
orine Dioxide

- Ultra-violet light (UV)
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afection Process

i iesing

2, + H,0 — HOCI + HCI

iorine Water Hypochlorous Acid Hydrochloric Acid
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7‘ Disinfection residual 0.2 to 4.0 mg/L

~—— s Faster inactivation of pathogens
* Short distribution system residual
* DBP formation
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afection Process

floranmiatoreombined Chiorine)
IH, + HOCl— NH,CI + H,0

_';('-)nia Hypochlorous Acid  Chloramine Water
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~— = Disinfection residual 0.5 to 4.0 mg/L
* Longer lasting residual than free chlorine
* Low DBP formation
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EChlorine Demand or Breakpoint Chlorination

Chlorine




iniection Process

B7onation

: ;: Zone Oxygen  Oxygen Atom
(powerful oxidant and disinfectant)

-

5 HIGH VOLTAGE
WSS " ELECTRODE

Chlorination Is used for residual disinfectant




aitection Process

N/ Radiation

— UV Exposure Chamber

~ UV Lamp

— Quariz Sleeve

Specific Flow Rate Matched to the Target Microorganism's
Required UV Exposure Rate

Chlorination is used to provide a residual disinfectant




laiection Process .

" Comparison of Disinfectant

AN\ \ L/ v

Contact Time (min)

99% Giardia 99% Virus
Disinfectant Inactivation Inactivation

Free Chlorine 18 1

=1 Chlorine Dioxide 3.7 1.4

- Chloramines 250 214

Ozone 0.16 0.15
UV lrradiation 0.15 0.5




T
gution Treatment

lnfeciant.Residualin.system maintained
pilushing. (Chloramine residual 0.5 mg/L
f0img/L, average is 2.0)

Brrosion Control by pH adjustment during
gireatment (7.6 to 8.6) and addition of
|nh|b|tors (e.g. phosphate).
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PURE WATER IS THE
WORLD'S FIRST AND
FOREMOST MEDIGINE.

Proverb

Fabian Heaney
City of Houston
Public Works and Engineering
Drinking Water Operations Lab




