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WT1 systems and operators

Both water systems and water system operators receive
classifications from IDEM. As discussed in lesson one, a class WT1
(Water Treatment 1) system includes systems that meet the
following:
(A) Serve a population less than or equal to five hundred
(500) people
(B) Acquire water from one (1) of the following:
(i) Ground water
(i) Purchase
(C) Have one (1) of the following:
(i) lon exchange softening process for cation removal
(i) Inline filtration device with no chemical treatment

A grade WT1 operator is a certified operator qualified to operate a
class WT1 water treatment plant after having fulfilled the following
requirements:
(A) Possess a high school diploma or its equivalent
(B) Meet the qualifications of the certification rule
(C) Must be able to:
(i) maintain inventories
(ii) order supplies and equipment
(i) interpret chemical and bacteriological sample reports
(D) Attain a minimum of one (1) year of acceptable work
experience in the operation of a class WT1 water treatment
plant

Ground water

Ground water is the water found in an aquifer. So, what is an
aquifer? It is a water-saturated underground formation that will yield
usable amounts of water to a well or spring. The formation can be
sand, gravel, limestone or sandstone.



There are two types of aquifers:

Confined

A water-saturated formation

between low-permeability layers

that restrict movement of water
vertically into or out of the
saturated formation.

Water is confined under pressure

similar to water in a pipeline.
In some areas, confined

aquifers produce water without
pumps (flowing artesian well).

Wellhead protection

Overview

Unconfined

A water-saturated formation in
which the upper surface
fluctuates with addition or
subtraction of water.

The upper surface of an
unconfined aquifer is called
the water table.

Water, contained in an
unconfined aquifer, is free to
move laterally in response to
differences in the water table
elevations.

Indiana’s Wellhead Protection Program currently only applies to
community water systems. In the future, it is possible that the
program will be expanded to include noncommunity systems using

a simplified process.
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The purpose of Wellhead Protection is to safeguard ground water
used by water systems from contamination. Wellhead Protection is
implemented in two phases.

Phase | Phase Il
1. Establish Local Planning Management plan
Team implementation

2. Delineate Wellhead
Protection Area

3. ldentify and inventory
potential sources of
contaminants

4. Develop management plan
for potential sources of
contaminants

Local Planning Team

The Local Planning Team (LPT) is charged with establishing a water
system’s Wellhead Protection Program. The team members should
be from the water system’s community. At least one member must
be an “affected party.” This can be an emergency responder,
representative of a local industry or a water system customer.

Delineation

There are two main methods that water systems may use to delineate
(define or draw) its Wellhead Protection Area (WHPA). If the water
system pumps a maximum of less than 100,000 gallons per day (on
average), it may used a fixed-radius delineation. The radius is 3,000
feet.

What is the area of a fixed-
radius Wellhead Protection
Area?

3,000 Ft. 3,000 Ft.

Area of acircle = xr?

=3.14
3.14 x (3,000 x 3,000) = 3.14 x 9,000,000

3.14 x 9,000,000 = 28,260,000 square ft.
1 Acre = 43,560 square ft.
28,260,000 + 43,560 = 648.76 Acres 6,000 Ft.

________




Larger water systems (more than 100,000 gallons per day) use more
complex methods to delineate a Wellhead Protection Area. These
methods may include analytical, semi-analytical, numerical
flow/solute transport and hydrogeologic/geomorphic modeling.

Hydrogeologists and engineers perform these types of methods of
delineation. They use data available from the U.S. Geologic Survey,
the Indiana Department of Natural Resources and other sources.
Mathematical models are created and tested against known
measurements.

Further technical discussions of these delineation methods are
beyond the scope of this manual. The terms have been presented
only for background purposes to familiarize the reader with the
methods of delineation.

Time-of-travel

Time-of-travel (TOT) is an important term that is often used in
discussing wellhead protection. TOT examines a theoretical “particle”
of water at a hypothetical location and predicts how long it will take
for the particle to travel from a location to a wellhead.

When a WHPA is delineated by a method other than fixed-radius, the
TOT is plotted. 1-, 5- and 10-year TOTs are determined and the 5- or
10-year TOT is designated as the WHPA. A 5-year TOT is the
minimum required area allowed under Indiana’s Wellhead Protection
Rule.

~ €—__ 10-year TOT




Inventory

After the WHPA has been determined, the LPT needs to take an
inventory of potential sources of contaminants. Here is an example
of a contaminant inventory:

Permit Mimber

Map 10 & Issuing Agency  Database Description Marne

Potential

Facility

Description Location Contaminants Comrments

Artive. Spill
UST ID 8695 affecting soil
Incident Number | Underground Storage Convenience and
1 189312525 Tanks Dave's Stop StOre £ 0as 975 ES005,5. | Gasolne & | groundwater.
Ind. Dept. of Leaking Underground M Shop statiug tarion, IM additives 1-12,000, 1-
Environmental Storage Tanks 8,000 & 1-
tManagement 5,000 gasaline
tanks.
) Autaomotive
) Immediately :
Indiana PUbIC SOUth O nark fluids, road
2 TR, Windshield Survey | State Road ) ) M salts and Active
highmay running east & .
22 possible of
we st ;
spills

These inventories should be updated on an annual basis. A map
showing the location of potential contaminants and land uses should

also be prepared.

All potential
contaminants
sources must be
informed of their
location within a
WHPA. They
should be informed
about the
consequences of
ground water
contamination and
be informed about
the methods
available to prevent
contamination.

Horth
L1

1,000 Ft
P

Wellhead
Protection

Area \'

WHE &

Connertial

Potential Sources of Contaminants



Contingencies

Every wellhead protection plan should have a section to address
these contingencies.

Water outages

Water contamination
Critical water users
Long-term loss of water

The plan also should cover:

Responder training
Emergency contact list

Isolation areas

Also known as sanitary setbacks, isolation areas are those lands
immediately surrounding a well. They are intended to provide a
buffer against pollution of wells. Isolation areas have a 200-foot
radius if the water system does not use automatic disinfection, such
as chlorination. If automatic disinfection is used, the radius is
reduced to 100 feet.

The public water supply should own or control the isolation
area/sanitary setback by recorded deed, easement or long-term
lease. No mixing of non-water treatment chemicals is permitted within
the isolation area. Sanitary or storm water sewers are not permitted
within 50 feet of any well.

No construction, other than that designed to contain a well, is allowed
over a well. There may be no roads or parking areas within 50 feet
of a well, except for well access.



Basic ion exchange softening

Water is often referred to as H,O. The reason for this is that water is
the combination of two elements, hydrogen and oxygen. These
elements come together to form a molecule made of two atoms of
hydrogen and one atom of oxygen. Chlorine gas is often written as
Cl,. Itis a molecule made of two atoms of chlorine.

An ion is a molecule or atom that has an electrical charge.

When we speak of ion exchange in water softening, we do so
because we are describing the movement of electrically charged-
(positive or negative) atoms and molecules.

Just as the north pole of a magnet attracts the south pole of another
magnetic, a positive ion will attract a negative ion (and vice versa).

Hard water has calcium (Ca) or magnesium (Mg) ions in it. Usually
we measure hardness as calcium carbonate (CaCOy). Itis a
molecule made of one atom of calcium, one atom of carbon (C) and
three atoms of oxygen. Hardness is usually measured in milligrams
per liter (mg/l) or grains per gallon (GPG).

Using calcium carbonate as a measurement of hardness, water is
classified as soft to very hard:

ma/I GPG
Soft water 0-17 0.0-1.0
Moderately hard water 60-120 3.5-7.0
Very hard water 180 & over 10.5 & over

(1 GPG = 17.1 mg/l)

Basic ion exchange softening works by exchanging the ions of
sodium salts [sodium chloride (NaCl) is common] for CaCOs;. The
hardness is removed and replaced by salt.



Many very small water systems use readily available home-type
water softeners. These units come with a tank of resin (the bed)
through which hard water flows. A tank for salt often is included as
part of the system. The tanks may be located separately or housed
together as a single device.

Resin beds are filled with insoluble beads or spheres. The resin
beads will allow either cations (positively charged ions) or anions
(negatively charged ions) to attach to the surface of the spheres.

Now, here is an important part of this discussion. Only one cation or
one anion can be attached to a resin bead at a time. In other words,
only one sodium cation (positive), or only one calcium anion
(negative) will attach to a resin bead at a time.

When all the beads have sodium cations attached, the bed is
“charged.” When all the beads have calcium anions attached, the
bed is “exhausted.”

By the way, cation is pronounced “Cat-i-on” and anion is “Ann-i-on.”

Some of your customers may be on sodium-restricted diets. Be sure
to let your water users know if you use ion exchange water softening.
The harder your water, the more sodium is delivered into it for
softening.

Potassium chloride (KCI) is available in some areas. It can be
substituted for NaCl, but is more expensive and not quite as effective
in removing hardness.

Inline filtration

Inline water filters are available in a variety of sizes. They usually
have replicable cartridges. They may work well at first, but if left in
place beyond their rated capacity, they will turn on you by releasing
some of the contaminants previously removed back into the water
system. As they foul or clog, water flow may also become restricted.



A typical inline filter that can be purchased from local hardware or
building supply stores might have a rated capacity of about 16,000
gallons with water having an iron concentration of 5 mg/l. The filter
will last for about two months for a family of four. Public water
supplies, by definition, have at least 15 service connections. Fifteen
people will use up the capacity of an inline filter in about two weeks.

Be sure you buy filters with the capacity to meet your water system
needs, and be sure to change the cartridges in accordance with the
manufacturer’'s recommendations.

Interpretation of chemical and bacteriological samp

le reports

This is an example of a chemical laboratory report:

Here is how to interpret the

report
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Bacteriological reports can also be interpreted.

This is a sample biological report:
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Check the type of sample. Ifit
is a repeat sample, be sure to
include the date of the original
sample.

Include in the remarks any
information that might be
useful to the laboratory, like
unusual odor, color, etc.

Print name and initial it.

{if sample = o repest) L

This part of the
sampling form is
completed by the
water system.

Include the system
name, address and
telephone number.

Be sure to include the
Public Water System
Identification Number
(PWSID) and county.

The location code
comes from the water
system'’s site sampling
plan (see lesson
three).

Include the other
required information.

. Sample Type (chesk appropriate square)

|E’D-Diamhulinn D C-Repeat | O=Oither

Dt Chriging) Samiple Codlecid [ ' I I ] I "

Prinned Mame & Initial of Cestified Oneramnr

M]I“Ie, ess

_m:ﬂ.Lﬂw""I’




If a repeat sample is
required, the laboratory will
request it here.

The approval and review
sections are signed by the
laboratory personnel.

The laboratory fills out this
section. This example
shows that a test was
made for E.Coli and none
was found.



Well disinfection

Wells are disinfected to eliminate or reduce many kinds of harmful
bacteria and viruses. Disinfection can also reduce harmless bacteria
that can cause bad taste and odors. Disinfection will not, however, fix
problems with chemical contaminants, pesticides, nitrates, etc.

When to disinfect

When coliform bacteria are present
When water taste or odor changes
After casing or pump repairs

After installing new plumbing fixtures
After flooding of the well

During startup of seasonal wells

As part of annual maintenance

How to disinfect

Here are a few steps that can be used to disinfect a well:

Turn off the electrical supply

Separate the well from the water system with the isolation valves

Remove well cap/seal & move wiring out of the way

Mix 1/2 of a gallon of household bleach with 3 gallons water

(good for an 4” well, 100 feet deep)

Pour mixture into well

Turn well on and recirculate water with a garden hose for about

two hours after you begin to smell chlorine from the hose

7. If the water runs red (from iron), discard the water somewhere
safe (do not run heavily-chlorinated water into your septic
system)

8. With the water still recirculating, open a few faucets, hose bibs,
etc., until chlorine is detected (use faucets farthest away from
the well)

9. Turn off well, recap and let sit for about eight hours

10. Turn on well and run to flush remaining chlorine from the system,

running hose somewhere safe to discard the chlorinated water

ronNE

o o



Special considerations

Do not sample for coliform unless total chlorine is absent

If you cannot sample for chlorine, wait a few days after all
chlorine smell is gone before drawing coliform samples

You may have to repeat the disinfection process

one or more times to completely remove all bacteria

Do not bring heavily chlorinated water into a water softener (too
much chlorine can cause damage to the softener)

Disinfect softeners separately following manufacturer’s
instructions (usually pouring a %2 cup of bleach into the brine
and regenerate)

Congratulations. You have completed lesson five of the Indiana
Water Operator Training Manual.

To test your comprehension of the material included in lesson five, a
self-graded examination has been prepared for your use. The
examination begins on the next page. There are 10 questions that
will take a total of about 10-15 minutes to complete. Do not over
analyze the questions. Just look for the best answer.

Good luck with the test. You will find the answers in Appendix G-5 of
this manual.

There is a Microsoft PowerPoint® slideshow associated with these
lessons. The slideshow is located on the compact disc included with
this manual.

If you do not have the disc, or would like to view the slideshow
on the Internet, you may find it at
http://www.Indianawateroperatortraining.org.



Indiana Water Operator Training
Self-graded examination
Lesson 5

Check one best answer per question

Questionl.
What is ground water?
____A. The water found in an aquifer
____B. The water found in lakes and streams
____C. The water contained in a ground-level storage tank
____D. The water contained in an elevated storage tank

Question 2.
What is the first step in developing a Wellhead Protection Plan?
____A. Establish a Local Planning Team
___B. Develop a management plan for potential sources of contaminants
____C. Hire a certified professional engineer
___D. Apply to IDEM for a Wellhead Protection permit

Question 3.
What is the maximum average daily pumpage allowed for a water system to use
the fixed-radius wellhead protection delineation method?

____A. 25,000 gallons per day

____B. 50,000 gallons per day

____C. 75,000 gallons per day

___D. 100,000 gallons per day

Question 4.
The standard isolation area (sanitary setback) for a well without automatic
disinfection is:

A 50 feet

___B. 100 feet

___C. 200 feet

___D. 500 feet

Question 5.
With most ion exchange water softeners, what happens to sodium levels in the
finished water?

____A. Sodium levels increase

____B. Sodium levels decrease

____C. Sodium levels stay about the same

____D. Sodium is exchanged for copper



Question 6.
Inline water filter elements should be replaced:
____A. Annually
____B. Monthly
____C. In accordance with manufacturer's recommendations
____D. Whenever the filter appears dirty

Question 7.

The symbol “<” means:
____A. More than
___B. Lessthan
____C. Approximately
____D. Rounder than

Question 8.
Why disinfect a well?
____A. Remove nitrates
____B. Remove pesticides
____C. Soften hard water
____D. Reduce or eliminate harmful bacteria

Question 9.

Coliform samples should be taken from a well immediately after disinfection.
____A. True
___B. False

Question 10.
Water softeners should be disinfected by running heavily-chlorinated water
through the softener.

____A. True

___B. False



