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Treatment of Groun

Water Treatment — The Basics
— Treatment Techniques
— Selecting the Best System Treatment Options
— Treatment Considerations



Filtration —
— Filtration Ove
— Filtration Techniques

— Filtration Methods
* Pressure Filtration
* Gravity Filtration
* Membrane Filtration
* lon Exchange

Comparison of Filtration Systems

ant Removal



The basics :

— Over 70% of the

surface is covered in - Unusable 89% -
water

All water on Earth

— But of that water, just :
1% is readily available Water usable by humans 1%
for human use, and of e S
that 1%, 99% of it is ' |
groundwater.

- Groundwater 99%

— Groundwater is
important to all of us

|akes 0.86%  Rivers 0.07%


http://ga.water.usgs.gov/edu/earthwherewater.html
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Facts About Groundwater
1% i ovai
Of all water on Earth only O is available for our use

h 99%
y COMES FROM
All water on Earth: 99 B GROUNDWATER

1%

USABLE A /

0.86% FROM LAKES
0.029% FRoM RIVERS

There is no

relationship between _Groundwater
migrates thousands
groundwater and -
of miles.

surface water.

Groundwater
Groundwater
removed from the P husictisie
Earth is never eid occili Groundwater is not a significant

returned. source of water supply.

.
-------------------------------------------------------------------------------------------------------------------
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Use of Groundwater in America

Irrigation 53,500 mgd
0 PUblIC SUppI)’ ]4,600 mgd
02% e
— SO Individual Household 3,740 qd
I(R"ZGAZH% ,;sz’zuasﬁ,,{‘{.'{#’('éﬁ}@h‘,‘ Livestock/Aquaculture 3,200 mqd
' s ®LYITTEEY  Industrial, Self-Supplied 3,070 mgd
o . .
00 T?i'E%lELéGRI((FRESH) Mining (Fresh) 1,020 mgd
PUBLIC SUPPLY Thermoelectric (Fresh) 510 mgd
mgd= MILLION GALLONS PER DAY

0,
A /0
INDIVIDUAL HOUSEHOLD

Groundwater’s Role in

America’s Economic Vitality
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S12 —

$10 —
$8 —




— Ground Water

— Surface Water Treatment Rule

 Utilized for those ground water sources classified as
groundwater under the direct influence of surface
water (GUDI), or where all the groundwater is directly
blended with surface water source(s).



— Purpose of this ess caused by
microbial contamin und water systems (GWS)

— The GWR establishes a risk-targeted approach to identify GWS’s
susceptible to fecal contamination and requires corrective
action to reconcile significant deficiencies and address source
water fecal contamination in all public GWS’s



s, except
that it does ombine all of their
ground water wit with groundwater
under the direct influence of surface water (GUDI) prior to
treatment.



ce illnesses
ens

Applies to all public water syste surface water sources or ground
water sources under the direct influence of surface water (GWUDI)

Requires most water systems to filter and disinfect water from surface water
sources or GWUDI

Establishes maximum contaminant level goals (MCLGSs) for viruses, bacteria
and Giardia lamblia

Includes treatment technique (TT) requirements for filtered and unfiltered systems
to protect against adverse health effects of exposure to pathogens






ses and local
management prac ctors must be

considered to develop optimum treatment approaches.

Water treatment processes are greatly affected by differences
in chemical states.

In summation:

— “Itis vital to know your source’s qualities to select the best approach
to groundwater treatment!”



water

residua
minimum.

Additional, water quali quire treatment
techniques to address secondary drmkmg water contaminants

Depending on the bacteriological concentrations, additional
treatment technigues may be necessary to ensure compliance with
4-log virus treatment to meet the GWR requirements.



achieving th
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Directions:

datz Is another unit).

3) Enter the volume (gal) for each segment into Column D if known

6) Enter the peak flow rate {gal/min) of your facility into cell E5

1) Identify all the segrents of your freatment facility betwaen the point of disinfectant application and the entry point (See the
Enter the description for each segment into Column B {e.g.. 2-inch pipe from the chlarinator to the storage tank)

"System Example” worksheet)

7) The minimum chlerine residual at the entry point is defaulted to 0.40 mg/L. You can change this in cell I5 to experiment wath different values

4) If the volure for a segment is unknown. choose the shape of the segment from the drop-down selections in Column C and enter the dimensions in Col

Note: For box-shaped segments, enter the length, width, and heightinto Columns E. F, and G. For cylinders and cones enter only the diameter and the hei
Column F. [ex: for pipes. enter the diameter into Column F and the length into Column G). For horizontal cylindrical tanks, entfer the tatal diameter into Gol

2) Enter the minimurm temperature of your source water into cell K5, If your finished water storage becomes colder than your source water during winter and
you wish to include that stored water in the CT calculation for leginactivation, use the lowest femperature that your stored finished water reaches in winter

Total Effective
Contact Time (min)

Total CT's
(mg/L*min)

Log Inactivation of
Viruses
(pH 6-9)

22.28

8.91

4.46

umns E, F and G (in feet - use the "Unit Conversions® worksheet 1o convert to feet if your

ghtinto Columns F ard G. For spheres and half-spheres enter only the diameter inta

umn F; the horizontal lenth into Column E and the minimum water depth into Column G,

5) Select the baffiing condition for each segment (see “Baffling Factors" worksheet for descriptions). If a segment is assigned a baffling factor of zero (0}, do not include the segment on the

spreadsheet

PWS Name PWS ID Entry Point ID
Peak Flow Rate (gal/min) = 85 M Chlorine Residual at EP (mg/L) = 0.40 Minimum Temp (C) =
Min Water
Width or depth or Pipe- Choose a Baffling
Volume (gal)| Tank Length Diameter Length Volume Volume Condition for each Effective Contact
Segment # Description of Segment Shape (if known) (feet) (feet) {feet) (cubic feet) (gal) segment Time (min)
-Plug Fl
1 8-inch pipe from the chicrinator to the storage tank f,;;f;m : 0.5 100 19.64 146.88 ::a ﬂo:g - : 173
Cylnds Unbaffled
2 cylindrical upper portion of the storage tank Ha,zsn:‘e,e : 15 3 53015 3965.76 p:m : 4.67
2 aried
3 hemi-spherical bottom of storage tank 2;‘: - \: 15 883.58 6609.60 l,f‘:r : 7.78
rd -Plug Flow
4 6-inch pipe from the storage tank ﬁa,:js;&,e :* 0.5 25 4.91 36.72 2:',1;':? d : 043
3 Cylinder I PN Near-Plug Flow -
5 6-inch undergound pipe Half-sphere 2 0.5 400 78.54 587.52 Phg ow - 6.91
5 2-inch pipe to the distribution system e = 0.1667 400 8.73 6531 e = 077
Select a shape - Select 2 baffling condition -
Sphere v 0.00 Unbaffled v
Select a shape - Select 2 bﬁg cond tion a
Sphere v 0.00 Unbaffled -
Select a shape T~ Select 2 baffiing cord tion -
| Sphere - 0.00 Unbaffled v
R e —
Select a sha - Select a baffiing condition -
Sphere v 0.00 Unbaffied e
Select a sh. - Select a baffling condition -
Sphere - 0.00 Unbaffled v
[ Sekect 3 shaoe |PS Select a baffling condition -
Sohere - 0.00 Unbaffed -
Select a shape - Select  barling condition -
Sohere - 0.00 Unbaffled -
S
[ Setect 2 shape |a Select 2 baffling condition -
| Sphere - 0.00 Unbaffled v
S
]Selecl a shape - Select a baffling condition -
Sphere ® 0.00 Unbaffled |w
Select 2 sha - | Select a baffling condition -
Sphere - 0.00 Unbaffied -
Signature of Certified Operator or Professional Engineer Date
Official Use Only: O 4-Log treatment of viruses confirmed [] Denied







 Thus, itis
discussion re 1t needed and
“what are the needs an nt to be
implemented” '



Corrosion
Treatment Syste
General Water Treatment Guidelines
ANSI/NSF Standards



Consult guida

Consult with your en erators and DEP

— Consult with organizations
* Pennsylvania Rural Water Association
* American Water Works Association
* TEGS



Life Cycl
— Operating
— Capital Costs
Waste Considerations
— Solids

— Liquids

— Disposal requirements of backwash waste
Operator Skill and availability

Space Considerations (if retrofitting)






BESS

undwater
treatment.



— Serves

Regulations requi : in a minimum
chlorine residual after contact time at the entry point

— GWR establishes a minimum of 0.4 mg/L
— SWTR establishes a minimum of 0.2 mg/L

Daily Chlorine residual readings are required
— Consult your permit conditions for the frequency



— Provides a
CL, residuals are

when adequate

— A disinfectant residual can be easily monitored

— Can also serve as a multi purpose chemical agent, such as an oxidant to
suspend metals in solution for better filtration treatment performance

— Oxidizes hydrogen sulfide to reduce nuisance odor



Requires su piping, etc.) for

effective disinfectio al

Requires a disinfectant residual that MUST be maintained and
MONITORED on a DAILY basis.

Water quality conditions, such as those with mineral content and

associated oxidation, may necessitate the need to install filtration
treatment (commonly iron and/or manganese).




Inorganic Ma

Reducing agents (lro

— Microorganisms
— Point of Application (need adequate contact time)



— In ord
residual
entry points

— Total Chlorine residu
residuals.

t the system

ee and combined chlorine
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ypochlorite.
g to preserve

These
them, ho

Fresh solutions ent typically up to 15% by
weight but these solu : ] able, losing up to 50% of their
strength within a few months in a sealed container.

Commercial bleach (Clorox) is 5.25% sodium hypochlorite.

Care should be taken in handling because of the risk of contact with skin and
eyes.

Calcium hypochlorite is a superior form of solid hypochlorite also known as
“High Test Hypochlorite, HTH”. It is produced as a free-flowing granular
material. The available chlorine content is between 65-70%. Under normal
conditions, a loss of strength of only 3-5% occurs, giving a much more
satisfactory shelf life than other chlorine products.



upplied in

ecial design
lication.
Chlorine gas is fyplc ow in color
Chlorine gas is 2 % times heavier than air
Chlorine gas is corrosive, especially to metal.

Typically 150 Ibs. cylinders; however can be provided in other
quantities, such as tone cylinders, etc.

In this form, chlorine gas in not a practical form for the “field
disinfection” of water/environment.



DEEP WELL PUMP

LAIR RELEASE

SAFETY CHAIN\‘

CHLORINE __
CYLINDER

=—CHLORINE GAS
VACUUM TUBING

WATER INLET
ASSEMBLY




e residuals









terials.

yers of soil.
nfluence of

surface water is urces.

Some of these contaminants pose a threat to human health, and filtration
is one of the oldest and simplest methods of removing them.

Filtration methods can be permitted in many forms, dependent upon the
water quality, using various treatment techniques such as slow and rapid
sand filtration, diatomaceous earth filtration, direct filtration, packaged
filtration, membrane filtration and cartridge filtration.



a prima

 Thus, we will devo sion to filtration

techniques and applications.



— Natural filtration o e water percolates
through soil )

— Treatment plant filtration is used for iron, manganese, arsenic, etc.
removal in groundwater

— Treatment plant filtration is used for surface water for removal of
suspended materials.



Mechanical Straining
Raw Water

O

Large particles become lodged and
cannot continue downward through
the media.

Adsorption
Raw Waler

g3

Particles stick to the media and
cannot continue downward through

the media.







— Garnet Sa
— Glauconite “Gree ed impregnated media)
— Membrane Filters

— Combination of above



The followin and associated

contaminants rem



— Combinati
Aeration






spray or
aeration o

These procedur water to be
treated is expose
phase to the gaseous p

Oxidation can occur via aeration or chemical a
Iron is easily oxidized by atmospheric oxygen.

Aeration provides the dissolved oxy%en needed to convert the iron and manganese from
their ferrous and manganous forms to their insoluble oxidized ferric and manganic forms.

— It typically takes 0.14 ppm of dissolved oxygen to oxidize 1 ppm of iron

— It typically takes 0.27 ppm of dissolved oxygen to oxidize 1 ppm of manganese



* When using units are

installed in series.






— Particu

— Colloidal: very s settle and filter

The predominance of one form over another is dependent on the pH,
redox potential, and temperature of the water

Knowledge of the forms or states of iron and manganese are essential in
determining and fine tuning a given treatment practice for these metals.



Manganese in it nganous
manganese.

* |n order to convert these metals to a filterable form, an
oxidizing agent needs introduced



— Should always perfor ets of analyses.

* One of the raw water (total Fe & Mn).
* One after filtration (soluble).



* Differe ulate

form of Fe

 Example: If the raw w as a total iron concentration
of 1.0 mg/l and the filtrate iron is 0.6 mg/I, it means 0.4
mg/l is soluble.



Chlori
— Chlorine Diox
— Ozone
— Air injection
 Manganese is typically oxidized at a higher pH therefore, pH
adjustment may be required.



* Types of Tre
— Oxidation
— lon Exchange
— Sequestration
— Lime-Soda Ash Softening

* The basic and most common approach to remove iron and manganese

from ones source water employs the process of oxidation coupled with
filtration.



Potassium
— 0.94mgo
— 1.92 mg of KV

Ozone
— 0.43 mg of O3 to oxidize 1 mg of Iron
— 0.88 mg of O3 to oxidize 1 mg of Manganese

“Rule of Thumb, one part chemical to one part iron, two parts
chemical, to one part manganese



oval is 8 — 9.

— pH adjustment is common to facilitate oxidation reaction.

— Typically use caustic soda, soda ash or lime.



Sequest
controlli

The chemica or at.
intake before t ith air or
chlorine.

This ensures that the iron an ays in soluble form.

If the water contains less than 1.0 m% L iron and less than 0.3 mg/L
man%anese, using polyphosphates followed by chlorination can be an
Effet():| ive and inexpensive method for mitigation iron and manganese
problems.

No sludge is generated in this method

Below these concentrations, the polyphosphates combine with the iron
and manganese preventing them from being oxidized.



ration is
recom .3 ppm

* Filtration is an essential process in the overall treatment of iron and

manganese.

* |tis the supplemental sequence to oxidation or ionization that physically
removes the insoluble form of metals from the water source, serving as
the final process step.



e More common in la

— Membrane Filtration

* A type of pressure/vacuum filter system using a membrane material (absolute pore
size) to capture and restrict the contaminant from passing through the membrane.

* Has rapidly gained popularity over the last decade as an effective filtration device,
especially when multiple contaminants of concern exist within the raw water
source.



GRADED GRAVEL

UNDERDRAIN

INLET DISTRIBUTOR/
BACKWASH COLLECTOR

ANTHRACITE

AIR WASH DISTRIBUTOR l

SAND VALVES

A proven filtration system

for reliable, cost-effective
removal of iron and manganese
from groundwater.

Wash Troughs

Filter Sand

Graded Gravel

Underdrain
Piping

Unexpanded
Media

Expanded
Media

- Gravel Bed




Pretreatme
— Granular Activate
— Fluoride Removal
— lon Exchange

Media options and arrangements are several and depend on
the application and internal piping arrangement but often
consist of a dual-media sand-and anthracite arrangement (to
minimize bachwash frequency) above a gravel support bed.



— Small Utilitie

— Subdivisions

— Schools

Mobile Home Communities
Parks and Recreation Facilities
Retirement / Day care Facilities
Commercial Facilities




Ability to
contaminant r

High percent remov
addition

Custom options for adsorbers available in composite or carbon steel

Automatic controls with LCD display/readout or optional PLC and touch
screen interface

Proven, reliable treatment without the hassle of chemicals or brine; and
long product life for economical performance.



The under

— If the und
the filter will pro

e and efficient,
continuous service.

* Gravity Filters or rapid sand filters are typically designed as
part of multi-stage treatment systems used by large
municipalities. These systems are complex and expensive to
operate and maintain, and therefore less suitable for small
communities.



of water

Large pore size will not, without coagulant or flocculent, remove pathogens smaller than
20 pm, like Cryptosporidium.

Requires greater maintenance than a slow sand filter.
Generally ineffective against taste and odor problems.
Produces large volumes of sludge for disposal.

Requires ongoing investment in costly flocculation reagents.
Treatment of raw water with chemicals is essential.

Skilled supervision is essential.

Cost of maintenance is higher.






Membranes are
referred to as “abso

s, and is often

Four (4) general membrane processes that operate by applying
pressure

— Microfiltration (Pore size of approximately 0.1 micron)

— Ultrafiltration (Pore size of approximately 0.01 micron)

— Nanofiltration (Pore size of approximately 0.5 nm or 0.0005 um)
— Reverse Osmosis (Pore size of approximately 0.1nm or .0001 um)



Cryptosporidium
Oocyst (2 - 5 um)

Typical Bacterium (0.2 pm)



RANGES OF FILTRATION PROCESSES

MICROFILTRATION CLOTH & DEPTH FILTERS
e ULTRAFILTRATION SCREENS & STRAINERS
MEMBRANE T

MEMBRAN [

TYPE NANO-

\ Cryptosporidium Giardia
REVERSE ‘ YPROSP ‘

| 0SMoSIS

—

=T ‘;rml

o= il | OILEMULSIONS
ELATIVE SIZE |
OF COMMON

MATERIALS

D A*
i_i} ELATI

(MICRONS) Fe, Mn, As, N, P

PARTICLE SIZE 1 10 100 1000 10,000 100,000
(ANGSTROMS)

APPROXIMATE 100 200 20,000 100,000 500,000
MOLECULAR WT.




Membrane & Contaminant Classifications

organic molecules ‘yeasts' ‘ hair

aqueous salts ‘ viruses ‘ ‘ bacteria ‘

‘ organic compounds ‘ colloids ‘

reverse osmosis

nanofiltration

ultrafiltration

microfiltration conventional

filtration

—
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o
w
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o

e
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o
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}_

1-5 _—-
0.0001 0.001 0.01 0.1 1 10

Particle and Molecule Size dp [pm]




Polyamides
Polyacrylonitril (PAN)

2. Inorganic

Hydrophobic A. Ceramic

1. Polytetraflouroethylene (PTFE) 1. Oxides
2. Polyvinylidene Fluoride (PVDF) 5> Nitrides
3. Polyethylene (PE) 3. Carbides
4. Polycarbonate (PC)

5. Isotactic Polypropylene (PP)



rane

v’ Spiral Wo
v Tubular - -
v Hollow Fiber

v" Rotating Disc/Cylindrical

v’ Cassette



Bonded Membrane Bundle
Section

Example of Cartridge Style Hollow Fiber Membrane Module




KMnO4 Membrane Distribution

Injection .
Stati Inli Filters :
atic or Inline — =
Mixing I I B .I ’,I_ .,I,

Well or Spring
Water Supply . Contact Tank

Disinfectant
Addition




Wide

Direct fi
NTU)

ity <100

Direct filtratio urces

Filtration following c ‘quality surface water

sources (turbidity >100 NTU)
Filtration of iron/manganese following oxidation

Filtration of organics following EC pretreatment

MF/UF used for pretreatment filtration for nanofiltration & Reverse
Osmosis systems.






s) or

lon excha

guantities o rapid clogging.

ere a pre-saturant ion
y sodium) is exchanged for the

lon exchange involves
on the solid phase (the “ads
unwanted ions in the water.

One of the major difficulties in using this method for controlling iron and
manganese is that if any oxidation occurs during the process, the resulting
precipitate can coat and foul the media. Cleaning would then be required
using acid or sodium bisulfate.



nt times for

— Removal o
removal.

— Typically associated with low flow systems (i.e. non-community,
systems)



Compone

— Tank

*  Waterp
place

— Head To Drain

* Determines freque

«  Controls flow of water
backwash, brine cycle, brine refill and
cycle

— Distributor and Riser

*  Provides return route to the head for the
treated water

— Resin
* Provides sites for ion exchange

— Underbed Gravel |

* Supports Media Distributor

* Provides a collection area for the i}
treated water

— Brine Tank

» Stores salt used to regenerate
the media

Brine Tank

Under Bed se——




Several di
are designed
— Nitrate-selective resi

— Sulfate-selective resin to reduce arsenic






— Low cost, simpl ieve high (99.9 %)
percentage remo fG require extensive active
control by an operator.

 Limitations

— Not suitable for water with high turbidity. Filter surface area requires
maintenance. Larger land area is needed as a result of the filters low-
flow operation (0.03 to 0.10 gpm/ft?).



harge line
emical/pysical
processes com at the surface of
the filter bed. A to as “schmutzdecke”
forms on the surface of the bed, which traps small particles and
degrades organic material present in the raw water.

Slow sand filters do not require coagulation/flocculation and may not
required sedimentation.

Water applied to slow sand filters is not pre-chlorinated as the
chlorine would destroy organisms in the schmutzdecke.



maceous

a vacuum in
open vess
 Advantages

— Filters are simple to op
asbestos.

— Such filters have usually been chosen for projects with limited initial capital,
and for emergency or standby capacity to service large seasonal increases in
demand.

oving cysts, algae and

* Limitations
— Most suitable for water with low bacteriological counts and low turbidity (less
than 10 NTU). Coagulant and filter aids are required for effective virus
removal.
— Potential difficulties in maintaining complete and uniform thickness of
diatomaceous earth on the filter septum



ercent for
virus rem oval. The most
effective dir oval must include

coagulation.

Direct filtration consists ions of treatment processes. It
always includes coagulation and filtration, and may require flocculation
after the coagulation addition.

Limitations
— Direct filtration is only applicable for systems with high quality and

seasonally consistent influent supplies. The influent generally should have
a turbidity of less than 5 to 10 NTU and color of less than 20 to 30 units
(water with 15 or more units of color causes aesthetic problems, such as
staining)



ulation,

surface water
rganisms with

— Packaged filtration is often used to treat small community water
supplies, as well as supplies in recreational areas, ski areas and
military installations, among others.

* Advantages

— The four (4) major advantages of package plants are their compact
size, cost effectiveness, relative ease of operation, and design for
unattended operations (where permissible).



package

a package plant is
the influent charac ture, turbidity, and color

levels. Pilot testing is recommended.

— Chemical feed controls are especially important for plants without full-
time operators or with variable influent characteristics. Even with
automated devices, the operator needs to be properly trained and
well acquainted with the process and control system.



tems because of
ne processes are
other microorganisms,
r, which can impact color,

increasingly em
particulate material a
taste and odors to water.

— Minimal Chemical usage, and less reliance on coagulation chemistry
* Limitations

— Fouling of the membrane is the major problem preventing widespread
application of this technology

— Limitations on source water quality
— Requires Pilot Testing (min. 90 days typical)



les and

onal chemical
e membrane.

Periodic backwashi
cleaning is necessary to mai

Care should be taken in selecting the membrane material,
especially for durability, chemical resistance, etc.

Provide an absolute filtration barrier versus that of the probable
filtration of conventional filtration.
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