FREE ONLINE TRAINING for HOMEOWNBRS wiIr I WAT ER WELLS
If you have trouble viewing this email, click here to read it on the web.

Welcome to The Private Well Class. This is a self-paced emall class delivered in 10 weekly lessons.
Each lesson has been designed to take just 15 minutes of your time to read. To extend your learning,

we have a series of three live web trainings ("webinars") you can register to altend. We L be repeating
this serles through August. Let's get started with this week's lesson! ;

Class Pre-Test "

3

To assess your current knowledge, we'd like to invite you to complete our short class pre-test. Whils
scores are recorded for us, your individual participation is anonymous and not tracke"d.._i‘ K

Click here to take the pre-test.

Lesson 1 - The Science of Groundwater ,j-i' CE

Why this lesson Is Important: Knowing the geology of your well prowdes you th an understanding of‘ v

possible sources of contamination, as well as how much water your. well might be able to pump It puts »
the science behind why some wells might run out of water, why others have plemy of Water, _why some
wells are less likely to get contaminated and why others are more susceptsble to watel‘ quallly prob!ems

Y

The Hydrologic Cycle | N

SN

Water is ever moving. Water moves by many processes, including preclpilation‘_,iévajp’oratlbhj~runoff, -
infiltration, plant uptake, percolation, and transpiration (Figure 1), The waler ythtj"‘are drinking today has
likely been through the hydrelogic cycle countless times in the past. It's been in the oceané, ona ,
different continent—someone else might've even drunk it before, it's a continuous, ever changing cycle.
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Figure 1 - The Hydrologic Cycle. Source: Minnesota Department of Héal;f_a_"




The water in the ground today infiltrated into the ground from the surface. What wasn't used by plants or
held in the soll, migrated down through the soll zone to the water table to become groundwater, As
groundwaler, it is held in the open spaces {pores and fractures) beiweean soil particles and rock. The
water table Is the point where the pore spaces are completely filled {saturated) with water {Figure 2).
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Figure 2 - The Water Table. Source: New York State Water Resources instituts.
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it doesn't stop there though, Because water flows downhill, pressure from water above “pushes” water
through the ground fo areas of lower pressure, both horizontally and vertically. it can continue to migrate
downward through different geologic units, or move horizontally through a single geologic materiaito a
point of discharge. in the hydrologic cyele, this is generally a low point on the landscape where water
can discharge to a lake, stream, or ocean (Figure 3). Then it starls the cycle all over again. As shown in

Figure 3, somatimes water can spend thousands of years in the ground before making its way back to
the surface,
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Flgure 3 — Recharge. Source: USGS.

Groundwater recharge Is lypically, but not always, a local process whereby the rainfail that infiltrates into
the ground eventually makes it into the geologic formations below where it is stored in the pore spaces
hetween soil materials (Unconsolidated sands, silts, and clays} or in open crevices and fractures in

badrock (consolidated material), Your well taps into these geologic units and aflows you to pump water
to your home,

Aquifers

An aquiferis a geologle unlt, either unconsclidated sand and gravel or consolidated bedrock, that can
provide useable gquantities of watar to a well. That means that there has to be both sufficlent water
available in the aquifer for the well to pump (porosity) and that water has to be able to flow through the
aquifer easily enough to supply the well as it is pumped (permeability). The geologic units that slow the
movement of waler are calted confining layers, or aguitards. There can be muitiple aquifers and
aquitards at a single location as shown in this example from Easlern Texas (Figure 4).




Figure 4 — Exampfe of Mulliple Aquifers and Aquitards. Source:
Texas A&M AgriLife Extension.

Porosity s a measure of the relative volume of pore space per unit volume of geologic unit. So, an
aguifer with & porosity of 25% means that 25% of the total space it occupies is vold space, fuli of alr or
water, Porosity can vary greally. A sand and gravel aquifer for instance, can have a porosily of 20-30%.
Clay can even have higher porosity, upwards of 50%. Bedrock can be highly fractured and creviced
giving it an overall moderate porosity, or it can be almost solid throughout with a porosity of only a few
percent. If your well is In a geologle unit with low porosity, you might have fimited water availability, In
many bedrock aquifers, if a well doesn™ go through multiple or large fractures or crevices, water
avaitability can be limited to Just a few gallons a minute or less,

How easily water can flow through an aquifer also determines its ability to provide water to a well. This is
defined as an aquifer's permeability. Large grained unconsolidated deposits, like sands and gravels,
have high permeability, meaning that water can flow between the grains easlily to a well. But as the
panticles get smaller, it gets harder and harder for water to move through them, iowering the
paermeability. So, really small particles, like clays and silts, may have high porosity (up to 50% water by
volume), but because it's so hard for the water to move around the particles to a well, geologic units
made up of clay and silt are generally considered to be aquitards. This concept is important because a
well generally draws water from an area of the aquifer around the well, if water can't get to the well
freely, it will limit the pumping rate, and pumping at too high a rate will draw down the water in a well lo
the pump Intake, Interrupting the water supply.

In bedrock aquifers, most of the water is stored in fractures and crevices, the rock itseif isn’t very porous
and doesn't hold much water in the rock material itseif. One exceplion to this is sandstone, which not
only has fractures and cravices, but also can hold water in the rock itself where not completely
cemented. To be an aquifer, a bedrock unit has to have sufficlent fracturing and crevices, as well as
connections between those openings, 1o supply sufficient water to a well.

(Figure 5) describes the typical permeability for the major types of aquifer materials. As you can ses,
sands and gravels can allow water to move through them at a rate of as much as 3000 feet a day, while
some clays can restrict movement of water almost completely. This isn’t to say that water does move
through some aquifers that fast, but it says that’s the upper limit. High permeabllity also means that a
well can be pumped at a higher rate with less drawdown (i.e. lowering of the [ocal water table) compared
to a well in an aquifer with lower permeability,




Typical permeability of aquifers
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Figure 5 — Typical Permeability of Aquifers. Source: Toxas A&M AgriLife
Extension,

Cne more polint about recharge. Sometimes in deeper aquifers, the area that recharges the aquifer can
be some distance away from your well. (Figure 4) shows a good example of this. The aquifer shown in
blue is baing recharged In the area on the left where the unit comes to the surface. If you had a well in
that aquifer, but it was on the right side of the figure, not only would you be drilling a deeper well to
reach the aquifer, but the waler for your well would be coming from the recharge area, moving through
the aquifer from left to right. There is no scale on this figure, but the distance could elther be a mile from
the left to right side of the figure, or it could be a few hundred miles,

The aquifer you get your water from and how that aquifer is recharged will tell you a lot about your water
supply. Like other natural resources, the groundwater avallable to you Is dependent on your local
conditions, mainly the geology of your location. in some cases, you might have options where multiple
aquifers are available, but for many there may only be one choice, The groundwater basics shown in
{Figure 6) demonstrate an example of possible multiple aquifers.




Groundwater Basics

x| ﬁ — umsaturatod zone

: capilary fringe

saleled om0
Porowity and Permeablifty

Water Is stomd (528 Groundwaler

: ; i Fills thes $paces in
bt gralne : - sk poioas sanih malprisdy,
ey siand sl geawol, : 3

Watur 1§ stixed [ ] [ s Water Table

and couves slung i % £tk 10 10p of yedlor-gaturtd o
ttactures, sobition % 5 | s o sarth matesials: forms tha suddce
channels, and - o lakaa and steeams.

odaing planes in

timastono and dofomits.

Wolit I stored, Ay T Aquller
huidoss batinove (0T " - " & Zonp of porous sarth maleral
m inl :\;‘::' :;L% e ; = 4 that mld; ;m) h wator to

\ | : tupply W $ ,
Frnostono okl doimmite, eply e

Yeatat 8 shopbc and : Confining Layer

M in !&'w-(& E Onnsy, compact passh matedal
codise grovebd A {hul ¢lows the ety passags
sandstons. - ol walet,

Flgure 8 — Groundwatar Basics. Source: lowa Dapariment of Natural Resources.

Faor some well owners, there is no “real” aquifer available for water supply, there are no sand and gravel
acjuifers, nor are there dependable bedrock aquifers. It could be that the groundwater in deeper geologic
units isn't potable, in other words is unfit to drink. An example of this would bs a bedrock aquifer that
contains saltwater. In cases like that, the only groundwater option might be a shallow dug or bored well.
These wells are meant to be storage reservoirs, collecting water from near surface infiliration and/or thin
lenses of sand in areas that are otherwise mostly clay or silt based geolagy.

Additional Steps

To find out mote about the aguifer that supplies your well, talk with your state agencles that malntain the
weli logs in your state and those that conduct geologic mapping projects for your stale. In most cases,
that will be the state Geological Survey, slate Depariment of Health, and/or state Depariment of Natural
Resources. In some stales, those responsibllities belong io different agencles, like the Water
Development Board in Texas, for example. A call to your local or county health depariment or
Cooperative extension service should provide you with the contacts you need. You can also Google
“Ilyour state] well logs” to find the agencies that store well logs or have them available, Your state has
spent years mapping aquifers to better understand how much water might be avallable, as well as what
possible water quality issues there might be. It's worth your time fo find out whom in your state or area
has the knowledge 1o assist you; they will be glad to help. if you have problems finding the correct
agency, let us know and we will try {o help.

The best source of information about your well is probably your well log and your driller. Your driller can
explain your geology to you, or you can ask the state folks to do the same. If you don't have your log,
then your state agency can help you find It, if it is on file, or you can contact your driller and request a
copy. If you contact your state to find your log, you will need to know the legal description of the well
location, and/or possibly the latitude and fongitude. It's also important to know the depth. if your well Is

old, ot there Is no log, then they can use nearby logs to give you information about the geology of the
area.

If you know very little about your well, especlally the depth, then It's important and worth the effort and
axpense to have a professional contractor (driller or pump installer) come out and collect that
informatlon for you about your well. If you don't know how deep your well is, you have no idea where




your well water is coming from, wheare your pump is set, or any other information thal you might need if
you have a problem with the water supply from your well. The National Ground Water Association has a
page where you can look up information about neatby contractors.

Additional Hesources

Visit our Besources area at The Private Well Class for a list of resources used to develop this content
and materials for further reading.

©2013 SraliWaierSupply.org & PrivatoWollClass.org | 2204 Griffith Br.. Champaign, 1L 61820
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M .. FREE ONLINE TRAINING for HOMEOWNERS WITH WATER WELLS

Welcome back to The Private Well Class. Are you enjoying the class so far? Make sure to like The
Private Well Class on Facebook for additionat water information and homeowner tips.

Lesson 2 - Groundwater and Well Contamination

Why This Lesson is Important: Now that we have an idea of how water is stored in the ground, and
how the geology affects its movement and avallability, we are going to look at how it moves to your well
and what can happen as it does. In particutar, we'll discuss how water level, flow, and water quality can
be affected when pumping a well. You'll also learn how contaminants can move with groundwater or be
affected by groundwater flow and pumping. This lesson will give you the background to understand how
pumping your weli can Influence groundwater flow and introduces the value of source water protection.

Groundwater Flow

Water flows naturally in a groundwater system based on the hydraulic pressure put on the system, The
flow can be horizontal though a geologic unit or vertical through several different geologic units, or
sometimes some of both. In Lesson 1, Figure 1 was used to show how water moves naturaily though a
groundwater system. The thin layers with horizontal dashes in Figure 1 represent confining layers
(aquitards) that separate the aquifers shown in blue. As you can see on the figure, because the high
point of the water table is near the left edge, waler is flowing downward from the high point toward areas
of lower water levels in both directions (lower levels = less pressure}.
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Figure 1 - Recharge and Groundwater Flow. Source: USGS.

If separated by confining layers, water Jevels in different aquifers at a single location can be very
different. When an aquifer has the water table as its upper saturated surface, that aquifer is called a
water table aquifer. The aquifer isn't completely saturated; there is air in the pore spaces in the aquifer

material above the water table. The water level in a water table well will be at the water table elevation,
which is below the top of the aquifer.

When an aquifer is below a confining unit, the situation is different. The water level in awellina
confined aquifer can be above the top of the aquifer. This happens when the confined aquifer is getting
recharge from a location with a much higher water fevel. Figure 2 shows a simple system with both a
water table well in a shallow aquifer and two deeper wells in a confined aquifer. The pressure on the
system at the deep well labeled the “artesian well” forces water up Into the wall to nearly the same
elevation as at the recharge area (dashed line). When the water level in a well rises above the top of the
aquifer, it is under artesian conditions. if it rises so high that it overtops a well, it is called a flowing
artesian well (labeled). The term "plezometric level” in Figure 2 refers to the elevation that water will rise
to in a well due to the liquid pressure of the water in the aquifer.

Artesjan wall X v
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Figure 2 - Example of a Confined Aquifer System. Source: Michigan Dept of Environmental Quality.
Here is an analogy that will hopefully help make this clearer, Consider a garden hose lying in your back
yard. It has some water In it that you need to drain out so you can put it away. What do you do? You lift
up one end and water runs out the other. Even if the other end of the hose is resting on a fence so that it
is a few feet above the ground, as long as you lift up one end higher, water will be forced out of it. If you
keep adding water to the end you are holding, it causes water to come out the other end, because it is at
a higher elevation (at a higher pressure). You could accomplish the same thing by blowing on the end of

the hose. You are increasing the pressure in the hose on one end, which forces water o come out the
other, or in our case rise up in the well,

1/17/2013
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Why is this important? In some areas, well owners have naver had a pump in their well because thelr
well flows naturally. in other areas, heavy rains or flooding can cause wells fo start flowing, Conversely,
drought conditions like we had in many parts of the US in 2012 can reduce recharge to the aquifer,
which reduces the pressure head, which can cause some flowing wells te stop flowing. Understanding
how the water leve! In your well can change because of naturat factors will help you understand how
your well works and if there are any risks of contamination. For example, during different seasons of the
year, recharge can be different, In cold climates, there is virlually no infiltrafion when the ground is
frozen, for instance, which limits recharge.

For another example, lock at the water table well in Figure 2. The water level in the well is clearly higher
than the level of the stream (the solid line labeled "water table”). That means that groundwater flow in
the water table aquifer is from right to left, from the weli toward the stream, But what happens after
heavy rainfall and the stream elevation rises? it's very possible that the flow direction could be reversed,
shorl term, and water wouid flow from the stream into the aquifer and toward the well. This is important
to understand if you have a shallow well that Is close to a surface water body. Surface waters have
bacteria and crganisms that can pose a health risk. Though the ground can act as a natural filter, if the
welt is close, it may not have a chance to do so. Understanding the flow near and to your well is eritical
when it could potentially be affected by surface water sources.

Pumping and Groundwater Flow

When your well pump kicks on and starts drawing water from your well, the water level In your weil
drops, creating a water pressure difference between the water in your well and the water in the
surrounding aquifer. Water flows into your well to replenish the withdrawn waler. How fast water can
move to your well affects how much the water level drops in your well. This drop is called the drawdown
in your well. As water flows into your well, it lowers the water level in the surrounding aquifer as well,
crealing a cone-shaped area of lower water levels around your well. This Is called the cone of
depression. Figure 3 shows a pumping well with 3 additional wells to the right. The water table surface is
shaped like a cone pointing downward with your well at the center. In this example, the two wells closest
to the pumping well are in the cone of depression, but the third well Is not. The size and extent of the
cone of depression depends on the pumping rate, permeability, and available water in the aquifer.

1/17/2013
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Water tabla
before pumping

Figure 3 - Well Drawdown. Source: Oregon Water Resources Daparlment,
Pumping can have significant effects on groundwater flow. Referring back to Figure 2, if we were to
pump the water table well at a high enough rate, we could reverse the flow in the aquifer, causing water
from the stream to flow into the aquifer and toward the weli. There are many other situations where this
is important. Wells and aguifers near an ocean could induce salt water migration into the aquifer if the
water levels drop too much. Lowering water tevels in a well could induce flow from a shallower or deeper
aquifer that has differing water quality. Though these are important considerations, in most cases

normal household use won't result in pumping your well hard enough to cause significant changes in
flow, except for very near your well,

Groundwater Flow and Contamination

Water is a naturat solvent, and because it is, all groundwater generaily has dissolved minerals and other
constituents in it. These added minerals are what can give it a particular taste, color, or, in some cases,
odor. This is why some people fee! their well water tastes better than (freated) “city water”. However,
water’s ability to dissolve material also means that water can sometimes “pick up” contaminants frem
the surface and transport them down into your groundwater system. in other cases, liquid contaminants
at the surface can infiltrate directly into a groundwater system and, depending on their density, sit on top
of the water table (less dense than water), or create a pool of contaminant at the bottom of an aquifer
{more dense than water) (Figure 4). The problem with groundwater contamination is that we have
learned the hard way that it's much cheaper to protect groundwater in the first place than itis to try to
remove the contaminant from the aquifer. Many communities and individual well owners have had to
abandon their wells because their source aquifer became contaminated and it's too expensive to treat or
clean up.

1/17/2013
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Figure 4 - Contaminant Movement. Source: New Yorik State Wafer Resources Inslitufe.

We're going to deal with the issue of groundwater contaminants several times in this class. For Lesson
2, today, we are going to limit the discussion fo some common sources of contamination. Later, in
Lesson 8, we will talk about source water protection and how to help prevent these things from getling in

your well. In Lesson 10, we'li falk about what you can do if you have any of these contaminants in your
well.

The permeability of the soil and shallow earth materials will affect surface infiltration of both water and
contaminants {Figure 5). That said, creating a dump for waste allows contaminants to infiltrale over time,
so whether slow or not, eventually it will contaminate the ground water system. Again, the message is to
be smart with waste materials, always dispose of them properly. If you aren'i sure what te do, call the

manufacturer or your local health depariment for advice on disposing of materials that could become a
groundwater contaminant.

1/17/2013
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Figure 5 - Surface Vuinerabilfly. Source: New York State Water Resources
instifule.

Contaminants that can get into groundwater are of two types, naturally occurring and anthropogenic.
Anthropogenic simply means the resuit of human activities. Both natural and anthropogenic
contaminants fall into two categories, nuisance or of possible health risk. We care about both, Nulsance
contaminants like iron can cause staining and sediment can cause {aste problems or possibly pump
wear, for example. Those that that pose a health risk speak for themselves and we all need to be
concerned about ensuring our well water is free of any unwanted constituent.

Naturally Occurring Contaminants

The problem with naturally occurring contaminants is that if they are in the ground and part of the
groundwater system, there isn't a lot you can do. In Wisconsin, for example, they have identified a
certain bedrock layer that is especially high In arsenic and now require new welis {o be sealed from that
geologic unit. It's just there, in some cases, and the only solutions are to not use it or treat the water if
feasible or the only oplion. Many naturally occurring contaminants are nuisance, rather than health risk
based. Iron, Chloride, Sulfur, Manganese, and Hardness are all examples. But, some have health risks
too, including Arsenic, Barium, Chromium, Nitrate, Selenium, Radium, and Uranium. For more details on
these and other naturally occurring contaminants, contact your local health department, cooperative
extension, or state water resources agency. They will be able to tell you which, if any, of these
contaminants are prevalent in your area, The USEPA has a page that allows you to click on your state
to find private well info, especlally contacts.

An excellent description of types of groundwater contamination can be found in the Groundwater

1/17/2013
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Contamination bulletin available from the New York State Water Resources Institute and Cornell
Cooperative Extension. | highly recommend you take a look at it.

Next Steps

The message for everyone is common sense. Whether you are on a farmstead or in a rural subdivision,
or In a community that uses private wells, consider what practices you might be doing that can affect the
infiltration of contaminants into your source aquifer, For example, in Figure 8, the landowner is burying
all of his waste so it won't be a problem anymore.
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Figure 6. Source: Comell Cooperalive Extension.
Additional Resources

Visit our Resources area at The Private Well Class for a list of resources used to develop this content
and materials for further reading.
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Lesson 3 - Well Construction, Well Types, Importance of
Locaition

Why This Lesson is Important: Knowing what kind of well you have and how it was constructed are
important things 1o understand when considering well contamination problems and risks. Knowing how
water gets [nto your well and from what source will heip you understand what you need to do to protect
your groundwater source and your well from outside influences.

Understanding Your SHuation

Location and geology will dictate and likely limit the well type you can have al your localion for an
adsquate water supply. We are assuming you have a well already, but understanding your geology and
whal makes a good well location might shed light on why your well is where it s, the type it is, and the
depih it Is. |t will also give you an Idea if you have other options for water supply.

in Lesson 1, we went through the basics related to geology and your well. The important points for the
current lesson are whether you have an aquifer beneath your property---not everyone does---and what
type of aquifer it might be, You could be fortunate enough to have cholces. At many locations

throughout the country, there are multiple aquifers that vary with depth (near the ground surface to
soveral thousand feet below the ground surface), thickness (from a few feet to hundreds of feat thick),
water quality (this can vary in many ways), and geologic makeup (sand, gravel, dolomite, sandstone,
and limestone are the most common aquifers). Knowing whather you have cholces and options, and
understanding the makeup of the aquifer that supplies your well, are just good management. See
Lesson 1 for details on how 1o find information on the geology at your weil.

Well Types and How They're Drilled

There are three weil types that we are going to describe in this lesson: Cne type is drilled bedrock wells
that are open to an aquifer. The second is drilled or driven wells completed in a sand and gravel aquifer.
The third is large diameter dug or bored welis that allow shallow infiltration and storage when an
adequate aquifer might not be available. As mentioned, the well types are classifled by the type of

geologic material they are getting water from. We wilf go through each type in more detail in the
following sections.

Drilling is a common modern method of creating all three kinds of well we discuss. A well Is drilled by
literaily boring a hole in the ground, removing the earth materials, and placing a casing in the borehole.
Drilled wells for household use are generally 4-6 inches in diameter and the casing Is made of steel or
PVC. A large diameter dug or bored well Is generally 2-4 feet in diameter and the casing is generally
concrete tile, brick, or sometimes even stone. Keep in mind that there are a number of different drilling
methods that can be used to drill a borehole. If you are interested in knowing more about drilling
methods, such as cable tool, bucket auger, or reverse circulation rotary, the National Ground Water
Assoclation has videos that demonstrate how the different methods work on their wellowner.org
webpage under *Types of Weils”.




Drilled Bedrock Wells

Figure 1 Is a diagram of a drilled bedrock well. For a well finished in bedrock, the casing extends from
just above land surface to a short distance Into the bedrock where the casing is “sealed” into the rock to
keep it in place. The barshole continues down Into the bedrock aquifer for some distance below the
casing. Because badrock is “solid", the rock itself acts as the well casing below where the surface
casing is seated. The borehole intercepts fractures in the bedrock, which provide water to the well when
it is pumped.

Anatomy of a drilled bedrock well
sani}ary well cover

220 vc-lt electrical wkreﬂ

steel casing-

 bedrock fractures””

of feet into bedrock
yield sufficient water.

to yiek
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‘submersible pump-

Figure 1 - Typlcal Drillad Bedrock Well. Source: Maine Depaﬂmenr of Agr!cu!ture.
Conservation, and Forestry.

Sand and Gravel Wells

Figure 2 Is a diagram of a drilled sand and grave! well, Because this type of well is finished in a sand
and gravel aquifer, which isn't solid and will cave in, it requires the weli to be completely cased. Sand
and gravel wells differ in basic construction from bedrock wells by having a screen al the bottom of the
well. The screen allows water through, but keeps the sand and grave! out of the well. A well screen is
generally made of woven stee! wire, formed in the shape of a pipe or casing, that has openings based
on the size of the sand and gravel grains in the aquifer. This way, the screen keeps the sand out of the




well, but water can How through. Figure 3 is a picture of a typical weli screen. A specific size of coarse
sand or gravel is placed around the well screen in the well bore to help keep the finer sand in the aquifer
from entering the well, called the gravel pack.
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Figure 2 - Typ:cai Dnl!ed Sand and Gravel Well. Sourcs Co.'orado Gaological
Survey.




Figure 3 - Well Screen. Source: National Ground Water Association.

A driven well is also a sand and gravel well. [t is installed by pounding a screen and pipe into the ground
to the desired depth. As you can imagine, driven wells are usually at locations where the aquifer is very
shallow, as Is the water table. We aren't going te go inte much detall about driven welis, other than to
say that they generally have a higher risk for contamination. We don't recommend a driven well for a
private drinking water supply, because they are so prone fo surface influences. They have no grout at
the surface, there is no annulus to fill that can be used to help protect around the well, and there is no
grave! pack which can lead to improper screen size that might allow sand to get into the well. If you are
in an area with a shallow aquifer that can support a driven well, we recommend you drili a well with the
screen near the botiom of the aquifer, so that surace water Infiltrating into the ground will have to travel
a longer distance to get into the well, Also called “sand points”, driven wells are still prevalent in areas
where sand Is at or very near the surface and the water level is also close to the surface.

Large Diameter Dug and Bored Wells

The last type of well is a large diameter dug or bored well. Dug and bored wells are generally installed at
locations where there are no aquifers, in unconsolidated finer materials (clay, silt, loess, etc.) that may
or may not have very thin sand lenses that can move smail amounts of water. These wells are built big
to provide storage and allow shaliow groundwater to slowly seep into them.




Befora modern drifling methods were available, many wells were dug by hand. Though Figure 4 is a
drawing, it is an accurate example of how hand dug wells may be lined with stones or uncemented brick.
Water in this example can seep into the well from nearly any depth, between the bricks or stones, which
makes It pariicularly vulnerable to surface contamination. Many people still use hand dug wells for their
water supply, though nearly every state now has construction standards for wells that wouldn't allow a
modern well to be constructed this way.

i

Figure 4 - Drawing of a Hand Dug Well. Source: Purdue University Cooperative
Extension.

Figures 5 and 8 are examples of two types of bored well construction. Today, large diameter wells are
constructed by machine and are generally of one of these two types, The casing Is generally precast
concrete In 4 or 5 foot sections that are placed on top of each other and beveled to fit together. At these
joints water can seep into the weli. Because of the possibility of surface infiltration near the well, the
upper 10+ feet around the well Is filled with concrete or has a bentonite seal. Bentonite is a very fine clay
that expands when wet to create a nearly impermeable layer.
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Dug and bored wells generally rely on shallow groundwater for thelr supply. Because of this, it's
particulary Impontant to be aware of ihe possible sources of contamination near these wells, and be
sure your well construction was completed properly. But for any well, not just dug and bored wells,
proper construclion is key to proteciing your well and aquifer from surface infiuences. Drilled wells can
also be contaminated if not properly grouted at the surface, or if the aquifer is close to the surface, or if
the scit at the surface is coarse-grained and allows significant infiltration,

CGieneral Well Construction

There are a number of things that are important in the construction of your well. The well cap should be
snug, vented, and have a screen to prevent Insects from getting in the weli. The weli should be at least
12 inches above grade, or higher if in an area that is prone to flooding, 1o ensure that the well cap is
never overtopped by a flooding event. The annulus arcund the well, the area between the casing and
the borehols, should be grouted (filled with & bentonite and/or concrete slurry) that will not allow any
surface water around the well to go down the well bore or along the casing. If you're not sure whelher
your waell has been consiructed this way, check your well log or contact a local contractor for help, We'll

cover more detalls about well components and best practices, like backflow devices, In the next two
lessons.

Well Location On Your Property

Is your well I your front yard, behind your home near a stream, or by your garden? Maybe it's in your
basement or garage? Location matters, It may be that the well was already there, it's always worked
fine, and it hasn't been a worry. If so, then you may not have thought much about its location or
accessibility, Bul in some cases, like if your well is burled or in a building, repair and proximity to
potentiaf sources of contamination can ba a concern. Your well should be away from buildings, wires,
trees, anything that would prevent a driling contractor from being able to access the well with a drill rig
or truck. This ensures there is ample room for repairing a well, pulling a pump, or even deepening an
existing wel.

it might be that there was no choice where to drill your weil. We have seen wells over ¥ miie from the
house they were supplying because there was no aquifer at the home. Geology can change dramatically
over very little distance, and with those changes, there can be differences in what water supply is
available. If you are in a subdivision with only a 1/3 acre lot, there wasn’t much location 1o choose from.
in these cases, what your neighbors are dolng can aiso influence your well. if there are other wells in the
area, are they pumping? Are they properly sealed? Other local wells are a polential route of
contamination, and if they are in use, they can impact the direction of groundwater flow.

Whete are your seplic tank and seplic fleld? What about your neighbors? Are they down gradient? The
same goes for buried tanks, olher hazardous materials storage, and even use of chemicals in your
garden. Figures 7a and 7b are set back requirements for Minnesota residents regarding the conslruction
of new weils. Though the specific regulations vary from state lo state, these images demonstrate the
factors a well owner needs to consider when protecting the area around their well. The images were
included to show you the range of things you: should consider as possible threats to your well. They are
not intended to establish the specific distances you should observe for your own well. In ganeral, the
further contamination sources are kept from the well, the better, if they aren't eliminated entirely. You
can check with your state pubiic health agency to find out if your state has setback requirements and
what those are.
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Groundwater flow direction, which can also influence your well's water qualily, isn't always easy to
determine. If you have a shallow aquifer, the flow direction is most likely toward a point of discharge
(stream, river, etc.), so looking at the landscape might give you some idea of groundwater flow direction
locally. But if there are other active wells nearby, pumping can draw groundwater toward those wells,
For deeper aquifers, the flow directicn is even more difficult to determine unless you know where the
recharge and discharge areas are. i you are concerned about groundwater flow 1o your well, it Is worth

the effort to contact your state agency that creates aquifer maps to inquire about groundwater flow
direction.



if your shallow well is down gradient from your septic system, for example, it could be a source of
contamination. On the other hand, if your wel is gelting water from a deeper aquifer, well below the

shallow waler table, then a properly constructed well will not likely get contaminated from shailow
soutrces, no matter the flow direction.

To Sum Up

Knowing your well specifics provides you with the awaraness you need to understand the possible
threals to your well and what the risks are for each type of well. Surface contamination issuses are more
of a cancern for shallower wells and for near surface geology that Is less protective of the underlying
aguifers, Soil is a natural fller, so the longer the fiow path from the surface to where your water is being
taken out of an aquifer, the better. The surface infillration of contaminants is most influenced by having a
source of contamination near your well, or having a well with sandy soils or fractured rock at the surface
that allow more water to Infiltrate. If you do your part by ensuring your well is properly constructed and

protected, and eliminate potential contamination sources near your well, you've got a good start toward
protecting your drinking water,

Additional Resources

Visit our Hesources area at The Private Well Class for a list of resources used to develop this content
and materals for further reading.

@2013 SmallWaterSupply.org & PrivaloWellClass.org | 2204 Griffith Dr., Charpaign, IL 61820
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To: Susan Keown

Subject: [Private Well Class] Lesson 4

e PrivVate Well Class

FREE ONLINE TRAINING for HOMEOWNERS WITH WATER WELLS

If you have trouble viewing this emall, click here to read it on the web.

Lesson 4 — Your Water Well System

Why This Lesscn Is Important: Before we can get to common problems and maintenance practices
related to your well and water system, you first need to understand what parts makes up your water
system, what each part does, and how they work together to provide you water. Once we understand
the components and process, we will have a better chance of being able to solve problems that arise, as
well as understand why we should perform regular maintanance te protect our well and water system.

Well vs Water System

Your well may be where your water comes from, but without the mechanical system to convey the water
ta your house, store it, and provide the pressure so it will flow, your well would be useless. Figura 1 is a
typlcal well and water system for a homa. In this example, the well has a screen, so il's a well finished in
a sand and grave! aquifer. The pump Is In the wall just above the scraen. The pump lifts water up a pipe
(drop pipe) to the pitless unit or pitless adapter, where It elbows horizontally and goes into the house
through the discharge pipe. From there water goes into the pressure tank, or straight into the line to your
faucets, shower, or dishwasher {if it's a period of heavy water demand that kicked on your pump). The
pressure lank stores water and also creates the pressure in the system that allows water to flow whan

you open up a faucet or turn on the showaer, Each part of your water system will be explainad in more
detail below.
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Figure 1 - Typical Well and Water System for a Home. Source: Minnesolta Department of Health,
Well Pumps

When a pump is Installed In or at a well, it Is sized for the particular situation it is being used for, as well
as the characteristics of the well. Some of the factors considered Include well size, maximum anticlpated
use, water level, amount of piping, number of sources (# of faucets, fixtures, etc.), well yield, and
pressure needed In the home. Pumps are sized by the gallons per minute they can pump and the pump
molor size I8 glven in horsepower. You want to have a large enough pump to do the job, but if you have
too big a pump, it will waste energy. Also, If your well doesn't produce much water (low yield), a large
pump could quickly dewater your well down to the pump intake which could cause the pump to lose Its
prime, or overheat the motor. Your drlller or contraclor has professional experience at sizing pumps
based on the site conditions. Thay are your best bat for advice In this area.

Today, there are basically two types of pumps that are installed for private wells: submersible pumps
and Jet pumps, Typleally, submersible pumps are used for wells that need to lift water more than 25 faet
and jet pumps can be used for wells that need to lift waler fess than 25 feet. It can depend on the
contractor, though. There are deep well jet pumps, and there are wells with shallow waler levels that
have submersible pumps in them. There are a lot of applications for each type, any one of which might
fit your situation. In the simplest terms, a jet pump pulls water up the pipe column using suction, and a
submersible pump takes In water throtigh the pump near the hottam of ihe well and pushes it up the
drop pipe from below. Knowing all of the dstails of the inner workings of your pump is probably not
necessary, as pump repair should be left to a proteasional. That being sald, knowing how your pump
warks can help you determine If a particular problem s due to a pump or some other issue.

1

Jet Pumps
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In general, jet pumps (also called suction pumps) are used where the pumping water level is going to be
less than 25 vertical feet from the pump. They use suction {low pressure) to draw water up into the
column pipe. The pump Is not in the well, most likely it's in the basement near your pressurae tank.
Flgure 2 shows a typical shallow jet pump well system. Jet pumps are limited to about 25 feet of 4ift
because the pressure diference they induce is In relation to the atmospheric pressure forcing water Into
the pump. A perfect vacuum could create over 30 faet of lift, but these pumps can't create perfect
vacuums, so it Is less. 26 feet Is an estimate, and at higher elevalions where atmospheric pressure is
less, the amount of lift the pump can sustain will also be less. They do make deep well jet pumps that
can be placed in the well, but In mos! cases a submersible pump is used in those situations.

ELECTRICAL T

CONTROL BOX o

CENTAIFUGAL PUHP l . by PITLESS ADAPTER

PRESSURE
SWITCH

- | PRESSURE PIPE
|| ——

- H '.t WELL
4 SUCTION PIPE CAS NG

L. AN

. ) T =y
LIS 3."0."_"9,, 8 i g’y 8, 0

ke ¥

! ..-’. .‘. d.‘ .‘o‘: ".L: ‘t‘:"":“C B :

OROP PIPE

THTAKE STRAIHER
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Jet pumps at the surface have a few limitations. They can be loud. They must also be primed, meaning
there needs to be water in the line to the pump to create the necessary suction, if a pump loses its
prime, then it may need to be filled by hand to bagin operating properly again. Check valves are used to
keep the suction pipe full, but if it develops a small leak, then the pump wili lose prime frequently, Jet
pumps can be energy Inefficient It not operated very near the manufaclurer's specifications., They are
also more susceptible to damage from pumping water with sand or siit. One of the biggest drawbacks is
changing water levels In the well. if the well is low yielding, or the water leve! Is already close to 25 fast,

then it's possible that pumping the well may result In the water level dropping to a point that a jet pump
cannot maintain suctlon and it will not work,

Cne big advantage of Jet pumps Is that the pump is not in the wali, This Is the case for both the shallow

well design and the deep well design, Both allow for easy maintenance and they have few moving parts
which should limit repairs.

Submersible Pumps

A submersible pump is just like it sounds, a pump submarsed below the water line In a well, A
submersible pump system Is shown In Figure 1. The pump and motor are sealed and kept near the
bottom of the welt, generally. Water enters the pump and Is pushed through the pump by a series of
Impellers, up the drop pipe, and Into the discharge line. Submersible pumps are probably the most
common type used for domeslic supply. They can provide more water than a jet pump of the same siza,

which means they are more energy efficlent. They are cooled by the water in the well and are always
primed.

Though submersible pumps are the most popular type of pump for domastic welis, they do have a few
drawbacks. Most notably, if a pump needs to be repaired, the entire column of pipe and pump have to
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be pulled from the well. They are also more prone to lightning damage than other types of pumps.
Variable Speed Drive Pumps

Varlable Speed Pumps are a more recent design that has gained popularity because of the benefits they
provide. Many times, there can be pressure issues In a home using a private well system because at
times of high demand (shower, flush, and dishes at the same time, for Instance) there is a loss in water
pressure as the system ries to keep up with the pressure and flow required. The advant of sophisticated
controllers and variable speed motors has allowed contractors to develop systems that react to changes
in pressure quickly. These systems change the pump molor speed in order to maintain a nearly constant
pressure In the system throughout a home, What that means is that the pump can be used to help
maintain a constant pressure in your home, which reduces the need for a pressure tank. Typical designs
today Include a pressure tank of teas than 5 gallons. Constant pressure at all limes also benefits other
parts of your system. According to the Natlonal Ground Water Association, they help water softeners,
iron removal devices, and other equipment work more eificlently.

Variable speed pumps won't work in Jow ylelding wells. The antire premise of these systems is to be
able to rapldly change from low to high pump rate and back again as water use in the home changes. In
low yleld situations, water needs to ba pumped Into slorage (pressure tank and/or auxillary tank) during

periods of low or no use. This way, there Is water avallable during high use {imes when the water being
used exceeds the capacity of the well.

Piston Pumps

There is an additional type of pump, a piston pump, that is still found in rural areas, but they are being
slowly replaced as they wear out or as construction codes require a more accessible well. Figure 3is a
diagram of a well with a working head piston pump. They are generally very old and are not used on
modern well water system Installations, but we mention them here becauss there are same rural well
owners with older wells that stl! use them today.
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Flgure 3 - Piston (Working Head) Pump, Source: Midwes! Plan Ssrvice.
How many of you had or have used an old hand pump fike the one we have as the loge for The Private
Well Class? It's also a piston pump, but it has no motor or on/off switch, It takes manual force to make it
work. You are the motor for the piston that lifts water up and out of the well, There Is a cylinder with a
chack valve near the bottom of the wall, and when you lift the handte, you create suction in the cylinder
that allows It to fill with water, then when you lower the handle, you lift the water up the drop pipe. Water
can't flow back down because there is a check valve that keeps It in the pipe. With each stroke, more
water enters the cylinder and is Iifted up and out of the well.

An electric piston pump operates in exactly the same way as a hand pump, but uses an electric motor
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and a belt to create the pistan action. Piston pumps have several drawbacks. The piston assembly has

to be directly over the well, and because the molor and system are usually protected from the elaments,
the pump and ils cover are usually sealed. Both of these factors make access to the well difficult, as you
have lo move the motor away from the top of the well. Piston pumps are also prone to be loud, and they

can cause vibrationa In your piping system because of the alternating nature of the water flow. The
leather or rubber seals on the piston also wear out and have to be replaced.

There ara cases where a piston pump might be preferred, such as when the water has gas In if {natural
gas) that might come out of solutlon when pumped and the pressure Is reduced, or if a well pumps sand.
Pisten pumps handle these issues more effectively. There are newer modsls of these systems for those
specific instances, bul in general, if you have an old electric plston pump, you should consider
eventually upgrading to a more modern system that allows easier access to your waell.

One last thing about hand pumps. They still have thair place, Just not for a drinking water well. They are
still being manufactured and can be a used at locations where there Is no power. Tha problem Is that
some people are having hand pumps added to their wells so that when there Is a power failure, they can
still get water from their well for livestock, or aven o boil for human consumption. | would recommend
that if you are In & remote location or a location that is prone to power outages, a better investment
would be a back-up generator. Crealing additional access to your drinking water supply just creates
more opportunity for problems. it may also go against your jurisdiction’s well construction code.

Flowing Wells

In some areas, a well may tap into an aquifer and the resulting water level Is above the lop of the well
casing and land surface. As we leatned in an earller lesson, this is a flowing artesian well. Flowing wells
are an interesting phenomenon, and can allow a well owner to provide water 1o their home without a
pump. Some states have rules about flowing walls, and there are pitless adapter designs meant to
prevent flow from these wella, In western slates, like South Dakota, their well regulations require owners
of flowing wells to limit flow to actual use and/or to the limit of their water rights permit. By far, the most
comprehensive Iinformation we could find on flowing wells comes from the Michigan Department of
Environmental Quality, The Elowing Weli Handbook describes not only the Michigan rules, but has
information on best practices, weli designs, and responsibliities for flowing well owners. It also includes
a history of Michigan's flowing wells that is really interesting, whether you have a flowing well or not,

One problem with flowing wells is that in limes of extreme drought, fike the summoer of 2012 in some
parts of the counlry, some flowing wells may stop flowing because encugh pressure is taken off the
aquifer system from pumpage of wells and lack of recharge. This can also happen In areas where many
new wells are drilled. Each weli relieves a litlle of the artesian pressure on the aquifer system. In Hlinois,
it resulted in well owner complaints that irrigators had “rulned” their well during the 2012 drought. The
reality Is that it was the first lime most of these well owners had thelr water leve! drop below the top of

their well casing. A goed solution is to use a design like In Figure 4, from the Michigan handbook, and
install a pump for assurance of constant supply.
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Figure 4 - Flowing Well Pitless Adapter, Source: Michigan Depariment of Environmental
Quality.

Plitless Adapters and Units

A pitless adapter does Just what its name implies. Itis a fitting for a well that eliminates the need for a
well pit. Many years ago, to prevent freezing pipes in the winter, wells were completed balow fand
surface at a depth below the frost line. This allowed well owners to run thelr water line from the wall into
their basement without fear of freezing pipes. Howaver, well plts are dangerous. They can hold water
that can contaminate a well; they are a safety hazard for people, livestock, and moving equipment; and
they can collect dangerous gases that could Incapacitate someone getting Into the pit, The pitless
adapter makes a pit unnecessary. In fact, if your welt is In a pit, and many still are, it's in your best
interest to have a contractor extend your well to above land surface and use a pitless adapter to
maintaln the discharge fine connection to your well.

A pitless adapter is a fitting that goes through a hola in your well casing at a depth below the frost line
that provides a sealed connection betwsen the drop pipe In your welt and the discharge line going from
the well to your housa. A pitless unit refers to a pre-consiructed section of pipe that includes a pitiess
adapter that is fastened to the well casing at a depth below the frost line. It replaces the well casing from
Just below the frost line to land surface. The pitless unil includes the pitless adapter, the additional
section of well casing, and the well cap, Figure 5 is & diagram of a pitless unit (a) and a pitless adapter

(b).
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Pressure Tanks

The water entering your home Is pumped Into a pressure tank (Figure 1). A pressure tank serves
several purposes. It provides water under pressure to your home when the pump s not running. it also
provides water storage for use when the pump is not running and In times of high demand to help the
pump keep up. Pressure tanks operate by maintalning a range of pressure In the tank to force water out
Into the fine when a faucet or other source is opened. Using automatic controls and preset gauges
(Pressure Switch in Figure 1), when the prassure in the line drops below the low end preset lavel
(generally 20-40 psl}, the pump kicks on and bagins pumping water into the tank and home distribution
lines, This continues until the usage stops and/or the pressure in the line reaches the preset high end
level (generally 40-60 psi}. The minimum pressure has to be high enough to lift water to the highest and
farthest point in the line, Figure 6 shows thrae common types of pressure tanks in use today. The first is
a standard alr pressure tank, the middle tank has a float or “wafer” to help keep the air-water interface
separated, and the last is a bladder tank that uses a stretchable container (bladder) to keep the water
and air separated,

e

Air

Pladder or
Diaphragm

T 4= W a fer

Figure & - Fressure Tanks, Sourca: Universily of Nebraska-Lincoln Extension.

There are a number of factors Influencing tank size. A low yielding wall, for Instance, would require a

larger tank for water storage so that the pump can provide water at a much lower rate when no one is
using water, store it in the pressure tank, and have it avaitable during times of higher demand. Without a
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large pressure tank, water use would quickly empty the tank, requiring the pump to kick on and try to
keep up. iIf the demand were high, like during a shower, and your well only produces a few gallons a
minute, It could cause a supply intarruption.

It well yield Isn't a concern, then it might be possible to use a varlable speed pumping system and
controlier to help maintain water pressure. In these cases, the pump maintains the prassure in the
system and changes speeds to match the pressure requirements at that time. For these installations,
which are also called constant pressure water systems, the pressure tank |s only a few galions In size
and helps keep the pressure constant on pump start up.

Standard Air Pressure Tanks

The original pressure tank was a single tank with air in it, kept under pressure, that water could be
pumped Into, Because alr compresses but waler really doesn't, pumping waler Into a pressurized air
tank compresses the air even further, creating the pressure neaded to push the water throughout your
home. Many of these tanks are still in use today. However, they can become waletlogged (disscive air
into the water) and thus require more maintenance. Mosty new installations use the bladder type tank.

When a tank becomes waterlogged, your pump cycles on and off much more often, which both wastes
energy and is hard on the pump.

Pressure Tanks with Floats or Wafers

To help deal with the wateriagging problem and to help the tank maintaln Its air for a ionger period of
time, a wafer or fioat can be installed in the tank. This separates the water and alr with a flexible barrier
that keeps them In their own compariments. The advantage Is that the tank operates more efficiently
and will require maintenance less often,

Bladder Pressure Tanks

As the name implies, a bladder tank contains a flexible bladder that permanantly separates the water
and air. The water goes Into the bladder, which expands against the air pressure In the tank, Most tanks
are of this type for installations In the last 30-40 years, As water is used, the bladder empties Into the
distribution line until the pressure drops to a point that the pump kicks on, before the bladder is empty.

Other Parts of Your System

There are many addilional parts that make up your water system. In Figure 1, some of the things shown
include the well cap, electrical control hox, pressure switch, and a faucet off of your pressure tank. We
can’t stress enough the importance of a properly sealed well cap, So many systems we come across
have missing bolls, are cracked or broken from being hit by a mowar, or have no screen on the vent
tube. Any kind of opening creates a pathway for insscts or contaminants. In the extreme, animals can
fall in a well. A sealed, well secured cap Is a simple way to provide important protection for your well,’

The pressure swilch and electrical contro! box work together to cycle your pump on and off when the
pressure goes below or above preset levels, The faucet is really a best management practice. It allows
you lo pericdically flush your tank and also provides an access point to collect water samples. Other

things you might have on your system, like a pressure release valve on your pressure tank, are part of
the best practices losson that will come {ater.

Additional Resources

Visit our Resources area at The Private Well Class for a list of resources used to develop this content
and materiais for further reading.

Instructor's Note: We generally try to utilize freely available resources, However one resource listed for
this lesson, the Midwest Plan Service’s Private Water Systems Handbook, is riot. It had more technical
information about design, pumps, and systam components that was neaded to develop the lesson.
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Lesson 5 - Necessary Maintenance, Common Operation Issues,
and Best Practices

Why this Lesson is Important: Now that we understand how our well works, we can move on to how
fo best care for our well system, including what maintenance we need to perform and what best
practices we can employ to keep our drinking water safe to drink and to keep our well system working
property. We'll also cover a few common operational issues you might encounter with your well system,

Wells and your water system have a lifespan. Some components will eventually fail and need repair or
replacement, How you care for and maintain them will determine how long they last. In addition to
proper operatlon and maintenance, there are best practices every well owner should be aware of and
follow to both help protect your water system and protect your groundwater source. We will go through

some of the main things a well owner can do, and also 1alk about some practices you should follow that
will likely require a professional contractor.

o
&

Figure 1 - Well located in a flooded well pit. Completed well pit upgrade.
Source: Province of Manitoba.
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Correcting Poor Construction

We encourage you to look at the construction standards for wells in your state or territory, Some things
that were the norm even 30 years age are now considered dangerous, unsafe, or a threat to
groundwater. Still, there are many older systems out there that have not been brought up to curreng
standards. When new codes were enacted, exisling weils were generally grandfathered in. They may
still work fine, but they are either a threat or have limitations that don't make sense for your own
personal safety and for protecting your water source. Issues of most concern are the lack of materials
standards and protection from surface influences. We have learned the hard way that we aren't Isolated
on our own property, but we are part of a much larger community that may share and rely on a single
water source. Because of that, what cne person does can affect othars, and many of the rules put in

place today are to help prevent the actions of one paerson from affecting many others, whether because
of accident or ignorance.

Well Pits

We discussed pitless adaplers and units in the last lesson. Pitless adaptors were developed so that
wells no longer had to be finished below grade in a pit. To review, well pits were originally created to
allow for the plping from the well to be elbowed horizontally from the top of the well into the house below
the frost line. This was to prevent pipes from freezing in the winter. For scme of you in warmer areas like
in Arizona (Figure 2) this isn’t an issue, but in many paris of the country freezing weather is our reality.

Figure 2 - Typical Domestic Well System with Pressure Tank. Photo: G. Hix.
Source: Arizona Cooperative Extension.

Well pits are dangerous. They can be improperly sealed at the top, which makes them a risk for
children, livestock and even moving equipment that might run over them. They can get flooded, which
couid compromise the quality of your well water, Because of this, a well in a pit should have the casing
extended to above the surface, using a pitless adapter or unit. The extension should be fitted with an
approved wellcap, and the well pit should be filled in and graded such that water will flow away from the
well. There are minimum heights in most construction codes for the well stick-up you should follow. You
should contact the well regulating agency in your state or territory to ask if you need a permit or to
provide any paperwork regarding the improvements you make to your well. Your local well driller can
professionally modify your well and ensure it meets current standards. Once completed, your well
should be disinfected and then sampled for coliform bacteria to be sure your well is safe to use again.
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Getting rid of your well pit is worth the trouble and effort bacause it will eliminate a very likely source of
future contamination of your well .

Hand Dug Wells

A hand dug weli is not an acceptable construction method anymore. Many stili exist and are in use, but
their design poses a risk for both surface contamination and safety if not properly protected at the
surface. There are a couple of options to consider if you have a hand dug well. Cne is to drill a well
through the bottom of the dug well Into an aquifer if available, and then seal the annulus according to
proper code using grout to fill the dug well in around the new drilled well casing. If the existing well
produces a good supply of water from a sufficient depth, another option might be to install a bored well
casing inside the dug well, finishing the well according to current construction standards for bored wells.

You will need fo find out the legal responsibilities for doing this, but your well driller should be able to
help you as well.

One of our staff grew up on a hand dug well that was constructed in the 1930's. it was In a pasture with
livestock, at the lowest point on the landscape so that water would run to the well and help keep it full. It
did have a weilhouse over it but the casing was uncemented brick, and over time surface runcff from
around the wellhouse created a seep. This meant that when the well was full, the excess would drain
down gradient, like a small stream. This drainage slowly eroded the surface soll on the low slde of the
well, eventually leading to missing bricks and access by animals. The piping was in the welihouse, as

was ihe pressure tank, which was about 100 yards from the heme. Alt in all, not a safe source of
drinking water.

Figure 3 is another hand dug well still in use teday. There Is no way to keep insects, rodents or other
things from getting in the well. The slope of the land surface will take water from the corn field toward
the well. This is not a safe situation for proteqtlng the quall_ty of the water being taken from the wall.

by

Figure 3 - Hand Dug Well. Photo: S Wifson.
Shared Wells

There are a number of reasons why one well might serve more than one home. Maybe the homes were
criginally owned by members of the same extended family, or one homeowner couldn’t find adequate

watar and their neighbor was willing to share the well. More and more, developers are installing one well
for multiple homes 1o reduce costs. However, they are being careful to limit the homes on a single well
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such that the weill is not considered a public water supply. These developers have basically found a way
around a law put in place to protect public health and we would questlon any developer that regularly
deslgns multiple house units In this way.

What you really need to know about shared wells are the potential pitfalls. There can be pressure (ssues
if not designed properly and even water shortages Iif the well doesn't have a large enough yleld. in some
cases, the well is written into the deed, in others there is a separate written or possibly only a verbal
agreement in place. The point is to do your homework and protect your investment in your home by
ensuring you have accessible and adequate water supply when sharing a well.

Seasonal Wells

If you have a "house In the country” or "at the lake” that you use for only part of the year, you may have
have water sitting in pipes, pressure tanks, etc for long perlods of time. The Washington State
Department of Health has developed a get of procedures for “shutting down” and “start-up” for non-
community water supplies that might be helpful for you. Non-Community supplies are places like
campgrounds or schools or restaurants, that serve the same 25 or more people at least 60 days a year.
Most are small, with wells that are similar n construction and use to a private well. All of the procedures
aren't relevant for private water systems, but many still are, and if you have a seasonal well this
guidance will give you some useful tools to help protect your waler system. There is a checklist that
provides some basic inspection suggestions that are relevant for all systems too.

Operational ldeas and Suggestions

The next lesson, Lesson 6, is all about problem solving, and we will talk about how to deal with common
problems that arise with a private water system. Today, we are golng to cover some suggested
practices that will help prevent some of those problems from occurring.

Your Well Pump

Here are two baslic steps that can lmit the wear and tear on your well pump. The first is to limit the
number of times it cycles on and off. The second Is to ensure the water is free of sediment that can
damage the pump and piping. If you have a submersible pump, there Isn't much that can be done about
sediment before water enters the pump. It's possible that moving the pump to a different depth might
help, but that isn't an easy task. Howver, if you have an above ground pump, a sediment filter could be
installed prior to the pump. To find out if you have sediment in your water, you can check the bottom of
your pressure tank, if it's not a bladder type tank. Another possible ptace to check is in your toilet tank,
where sometimes sediment will settle. If you find sediment either of these places, then determine the
texture. If chalky or silky feeling then it is likely fine clay or silt which is less damaging than sand, which

would have a more abrasive feel, That abrasive is also working on your pump and piping and can lead
to problems.

If your pump kicks on soon after your water is turned on, then you may have a problem with your
pressure tank, or your pressure tank could be undersized. The best way to find out is to work with a
contractor who can determine the correct size pressure tank for your situation, A larger tank will lower

the number of times the pump kicks on bacause it Increases the amount of water coming from the tank
first, before the pump is needed to keep up.

Another way to protect your pump is to install a low pressure cut off switch. Your pump is connected fo a
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switch that monitors the pressure in your water system. When water is being used, it typically comes
from the pressure tank inltially and as the tank drains the pressure In the system drops. When it drops to
a certaln level, the pump kicks on to assist in providing water to the system. If you have a low-yleld well,
or are using more water than the weli can yield, then eventually the water level in the well will drop to the
leval of the pump Intake. if air gets In the pump, the motor can become damaged or overheated.
However, because the pressure in the system Is still below the cut off pressure, the pump will continue
to try to run. A low pressure cut off switch recognizes that the pressure has dropped below normal
operating pressure, so something must be wrong, and it automatically shuts off the pump. The pump
can't start again until a manual control is changed. Typically, these swilches are set to 10psi, where
normal operating pressures are 30-60 psi. Most systems probably don't have to have a pressure cut off
switch, but if you have a low yield well, it could save your pump If a hose Is left on, or some other high
volume water use lowers the water lavel in your well,

Pressure Tanks

One of the most common problems with private water systems is the tack of consistent pressure,
Assuming your system is properly sized (meaning you have an adequate pressure tank and well pump),
fhen the best way to provide consistent pressure Is to be sure your pressure tank maintains the proper
air pressure. The tank has to be drained to check the pressure and generally its recommended that the
tank air pressure be kept just a few psi under the low end pressure for the pump to kick on. if you
haven't been shown how to do this, we recommend having your contractor show you the first time.

Checking it every 6 months or so may heip you identify a potential problem before it becomes a pump
cycling Issue.

The Minnesota Department of Health had some advice for us about the older style aire pressure tanks
after last week's lesson. These are the older style fanks we discussed in Lesson 4 that aliow
pressurized alr and water from the well to have contact. The MDH pointed out that these tanks can
serve as a low-tech treatment device, The {anks can be very effective in reducing levels of dissolved
gases in groundwater, such as hydrogen suifide, methane, and radon. The MDH says they also can
precipitate dissolved iron and manganese. If you have these issues, your tank should be modified to
vent the gases and have a drain to remove the sediments from the tank. Just be aware that these oider
style tanks do require more maintance because the air can dissolve into the water, and that affects the
tanks ability to maintain pressure. They generally will need to be checked more frequently {6 maintain
their air pressure (psrsonal communication, Minnesota Deparment of Health).

Along the same lines, as a safety measure, your system should have a pressure rellef valve either on or
very near the pressure tank. Some states now require a pressure rellef valve so that should a pump not
kick off at the designated pressure, it doesn't cause a rupture in the tank or distribution fines
somewhere. The valve should be able to pass the fuli pump volume.

Best Practices

The last thing we want to present in this lesson are some best practlces for your well and water system.
Thae first thing you need to do Is maintain a file for your well and water system, simitar to what you woutd
keep for repairs and maintenance on your car or home. [t should include the well log, dates of any work
or service on the system with a description of what was done, billing records and receipts, equipment
warranties, sampling resuits, the well drilier contract, and dates and information from inspection and
maintenance (discussed below). You might think this Is overkill, especially if you have had your welt a
long time, but it not only prevents or identifies problems proactively, it helps you become more familiar
with your system, how it works, and what can go wrong. For example, if you are looking at your well cap
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ragularly, you are more ilkely to notice when something changes or locks different. if you have kids who
mow your yard, what is the likellhood they are going to tell you they cracked the well casing? Due
diligence could help avoid an expansive repair or unknown contamination.

There are many agencles and organizations that list a number of best practices regarding the
maintenance and protection of your well and water systam. The list below has many of those
recommended by multipte entitles. There are likely others we could have added, so feel free to email us
with your suggestions.

1) Use a licensed driller, pump installer, or contractor when construcling, servicing, or repalring a well. If
your state or territory doesn't license well drillers (Pennsylvania does not) then try to use a driiler that is
certifled by the National Ground Water Associatlon. NGWA's lesting and accredidation means that a
contractor meets a set of standards of practice that indicate they have the profefssional ability to
properly do the Job at hand,

2) Perlodically check the wellcap to ensure it is sealed and structurally sound with no cracks, breaks, or
missing bolts, and that the vent tube has a screen. Ensure the annular seal is solid and not sunken
around the well, .

3) Keep the area around your wel! free from debris. Your well should always be accessibie,

4) Use back-flow preventers on all hoses and spigots. Never put a hose into a tank for mixing, and
install vacuum breakers on all threaded spigots and faucets that might have a hose hooked to them.

B) If you have treatment devices, set up a schedule for maintenance and for replacing/cleaning filters, as
well as for adding chemicals, so they operate properly.

6) Properly maintaining your septic system is a best practice that can influence your well significantly. If
not pumped on a regular scheduls, solids getting In the drainfield can plug the laterals and soon your
septic system will stop functioning. We could devoie an entire lesson to septic tank issues, but because
that is not the focus of this class, we are providing some useful reference material for you to follow
instead. Most states license septic installers and pumpers, so use someone who is licensed. The thing
to remember is that your septic will fail. They have a finite life because eventually the soll around lateral
fines in your drainfield will become clogged with arganlc material. Proper maintenance will extend its life
significantly. The Montana State Cooperative Extension reference for this lesson does a really good job
of explaining the basics of septic systems. The lllinois Cooperative Extension has a good mainienanca
racord that goes along with their septic information. Like your well system, you should keep good
records of maintenance and repairs of your septic system.

7) One of our pre-test questions was about best practices and shock chiorination. Shock chiorination
may be a good practice for a iimited set of wells around the country, but In general, you should only
disinfect when necassary. Chlorine Is an oxidant, it can help release metals from groundwater
formations, It can also be hard on eguipment in your well and can lead to earlier repair or replacement.

8) The state of Oregon requires new wells o have an access port for taking water level measurements
(Figure 4). Though some might disagree on the need for such a port, we conslider this to be a good
management practice in many situations. By having a dedicated port on the well cap to allow access for
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water level measurement, you eliminate the need to remove the entire cap and you ellminate the
opportunity for your measuring device to get caught In the wiring or pump intake, Sevaral of our staff
have measured water levels in well over 1000 private wells in their careers. From our perspective,
anything that will minimize the risk of damaging the well, pump, and wiring, as well as minimize the risk

of contaminating the well, we would consider a good practice. It is both convenient and maintalns the
integrity of the well.
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Figure 4 - Measuring Tube on an Cregon Private Well. Source: Oregon Water Resources Department,
9) Sample your well annually. In addition, you should sample your well when one of the following occur:

Any time the well is repaired or serviced,

If you notice any change in taste, color, odar;

After chiorination (chlorine kilis bacteria, but Is also an oxidant and can release metals);
if recurring lliness is occurring;

If a new infant is brought into the home or someone is pregnant; or

if a neighbor has a water quality issue with their well

More About Sampling

Every jurisdiction may have a different set of recommendations for what to sample for and how often.
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You should talk to your local health depariment and your statefterritory well agencles about your
location, and any additional constituents you should be concerned with (arsenic, for inslance). It may
also change depending on the type of well you have. We recommend sampling for coliform bacteria,
nitrate, pH, and hardness. Coliform bacteria and nitrate are Indicators of possible well contamination
from the surface and should be completed every year. pH should be between 6.5 and 8.5 for most
groundwater. Outside that range, water is corrosive which can cause pipe leaks, so its good information
ta have. Hardness is Important for the many of you that use or need a softener. Very hard water can
cause hard walaer deposits and reduce the effectiveness of soaps. Your stale may have maps that
describe the general water quality of the main aquifers. In some cases these maps are available online.

Wall Head Protection and water qualily issues will be discussed In more detall in lesson 8, but for today,
we want to point out some of the common sense best practices for protecting your well, which include
keeping any potential sources of contamination away from your well. Things like buried tanks, septic
tanks, seplic fields, sioring chemicals or fuel, livestock near the well, tying a dog to the well head, etc.,
that would pose an obvious risk near your well,

Abandoned Wells

Eatlier, we mentioned that the construction codes have changed as we have learned more about the
risks to our health and the threats to our groundwater, A good example is the serious problem of
improperly abandoned wells. In some areas, well logs did not have to be filed with an authority untit less
than 30 years ago. So, any well installed before that time does not have a public record of its existence.
What that means today is that in many areas of the country there are more undecumented wells than
there are wells on flle. Abandoned weils that are not sealed are everywhere and most are a threat to our
groundwater because they provide a direct condult to an aquifer,

We have seen what can happen when an abandoned well | not taken care of. How many of you
remember Jessica McClure? As an 18-month old, she made national headlines in 1987 because she
was rescued from a well after being stuck for 22 hours. It captivated everyone at the time. There was
live coverage, and many people watched the entire event unfold. However, her experience was not as
unusua! as you might think. Many other people and countless animals have fallen into wells. {For justa
few examples, Google "horse falling into a well”) They just received less media coverage, and may not
have been as fortunate as “Baby Jessica” (Figure 5).
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If you have an abandonad well on your property, contact your jurisdiction’s well agency and find out the
requirements for properly abandoning the well. The regulations vary on what is and isn't allowed, but its
definitely worth getting it taken care of. In many locations, if & person Is huri from an abandoned well or
if an aquifer s contaminated by an abandoned weli, the weli owner is responsible for the damages, If
anyone has an abandoned well and wants to have it properly plugged and sealed, send us an emall, we
will help you find the correct local authority to make sure you know the requirements.

Additional Resources

Visit our Resources area at The Private Weil Class for a list of resources used to develop this content
and materials for further reading.

Note: In developing the information for fessons 5 & 6, we have come across a number of websites put
together by do-it-yourselfers, homeowners, and others that talk about common maintenance issues and
potential solutions. Though these sites may be helpful In some cases, we recommend always talking to
your local contractor and/or agency when you have questions refated to maintaining and repairing your
water system; they are the experts. Conditions are different in different parts of the United Stales, and
the world for that matter, and direct information from a professional is the best approach to protecling
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ERA Cristopher Creek

Subject: FW. [Private Well Class] Lesson 6

_me Private Well Class

FREE ONLINE TRAINING for HOMEOWNERS WITH WATER WELLS

If you have trouble viewing this email, click here to read it on the web.

Lesson 6 - Emergency Situations, Failures, and Problem Solving

Why This Lesson is Important; Being prepared, both for the unexpected and by performing the proper
malntenance on your system will ensure that fewer problems arise, but also that you will be ready when
they do. This lesson covers some of the common issues that affect many private well system owners,
and should give you a better feel for how some of the parls of your system work,

Emergency Situations

When an emergency situation presents itself, whether flood, fire, some other natural disaster, or loss of
power, ensuring your water supply Is safe and useabls is very Important. If you live in a remote area, itis
that much more so. Your water supply is one of the eastest things to take for granted and the one thing
it's really hard to do without. Most people don't realize how important clean drinking water is untll they

don't have it. That sald, there are things that are out of our control, so the best approach Is to be
prepared and have a plan.

If you lose power, meaning you have lost all electricity to your home, not just to your well, then really the
only thing you can do is have a generator for back up. Thisis a good practice, not only from the
standpolnt of running your well, even if only periodically, but to run your freezer, fridge, and furnace as
well, In some remote areas that are prone to lose power in bad weather, a generator just makes sense.
If you have an older well with piping coming to the surface in a well house, then loss of power In the
winter could mean frozen pipes as well, This should be avoided at all costs, because it could burst the

plpes. In this case, a portable propane heater that can be used in the well house could save you a lot of
trouble,

Wells Going Dry

if you have a shallow dug or bored well and it goes dry, then you may not have many options. These
wells are built in areas without significant aquifers for the purpose of staring water that seeps into the
well slowly. If it's a really dry year, It may be that the water table has dropped below your well. The baest
thing you can do in this situation is have a potable water tank as a backup. You can have water
delivered or haul it yourself from a municipal source, and practice conservation until the situation
changes. The other option would be to drill a desper well. If that is a consideration for you, then you
should contact the agency In your jurisdiction responsible for well logs and find out what possible
options you might have, Then contact a driller to get further advice on possible aquifers at your focation.
In general, large diameter wells are not preferred, so it may be that there are no other options in your

area. If you have been at your location very long, you probably have had this problem before, and may
already have a solution in placa.
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Sometimes, wells aren't dry, but the water level has dropped below the pump. This could be because of
well interference. Maybe a large capacity well, for irrigation or Industry, is close to you and has lowered
the water levels in the aquifer below your pump. It's important to keep water level measurements and
pump setting depth in your records for just this reason. If you can determine that there is still water in
your well and your pump can be lowered below that depth, it's a fixable problem,

Flooded Wells

If flood waters overtop your well, assume your well Is cortaminated. Once the water racedes, you
shouid have your well disinfected and sampled for bacteria before using it again. You should also
inspect your wellhead to be sure no debris got in your well. This is a particular concern if your vent
screen is missing. If you think there is debris, have a contractor clean and disinfect your wall,
Remember to disconnect any freatment that might be infine in your system prior fo disinfection too. If

water doesn't overtop your well, but reaches your well, it is still safest to disinfect and sample prior to
use.

If you have the luxury of knowing there could be a flooding issue, be prepared. Beforehand, store a
supply of clean water that you can use during the flood period and after. Disconnect the power supply to

your wall to prevent any electrical damage from shorts circuits, Plug the vent holes temporarily to
prevent debris from getting in your weli.

There are other options that you can conslider to help prevent flood contamination, but they are more
costly. One Is to have a contractor create an extension for your well to raise the pipe. We have seen
wellheads that are in flood prone areas that extend 10 feet or more above land surface. Another option
is to replace your vented cap with a waterproof one for Just during the flood event. This may provide
added protection, but it's still always best to have a sample analyzed after the flood to be sure there
were no leaks or other avenues into the wall that flocd waters may have found.

Well pits are a shock hazard, so be sure the entire plt is dry before antering. if your pit Is a confined
space, then do not go Into it because of the risk of dangerous gages. Have a qualified professional
inspect and restart your system. If your pump is above ground, like In your basement or over the wall,
flood waters could short circuit the system and even start the pump. Be sure the powaer Is off in advance
of the flood, and have your pump checked and tested by a professional before using it agaln,

Septic systems can also be damaged or cause contaminalion lssues during floods. Make sure the
access points are sealed. Your seplic system should have a backflow preventer before the tank to keep

sewage from backing up into your home during a flooding event. If your septic has its own pump, be
sure to shut off the power,

Fire Damage

In some parts of the US, the danger of forest fires is a real threat to homes and thelr water systems. If
you have experlenced a forest fire, do a check of your system. There could be damage to wires, casing,
well house, treatment equipment, etc. You should flush the water lines. Initially, the water may have an
earthy or smoky taste or smell. If there was a loss of water pressure, then repair damaged equipment
and disinfect water system. (Loss of pressure can ba checked by turning on a faucet. If there Is any air

In the line, then likely it lost pressure.) If you have any doubts, it's always best to have a contractor
check out your systam to ba sure,

Common Problems and Their Solutions

Next, we are going to talk about some of the common problems well owners have with their water
systems. We won't cover many possibilities, but we are going to try and talk about the most common
things that can happen. The best way to deal with all of these Issues is to contact your system
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professional and seek their advice and help for your particutar situation.

L.oss Of Water Pressure

A very common problem with private water systems |s the loss of pressure when there are multiple uses
of water at one time. There are a number of possible causes and solutions. The pump and pressure
tank work together to provide your water pressure, so you need to consider both. Systems are designed
to work between two pressure ranges, When you use waler the pressure in your system decreases until
a low pressure switch kicks on your pump. This is the cut-in pressure. The pump supplies water and
increases pressure in your system until a high pressure switch is tripped, which shuts the pump off. This
Is the cut-out pressure. Most systems operate with about 20psi between the cut-in and cut-out pressure,
For exampte, they may be set at 40 and 80psl, or 30 and 50 psl. S, inherent in your home system is a
drop in pressure of 20 psi as water is used. When you turn on a tap, water is coming from the water
stored In the pressure tank. As It drains, the pressure in the tank and system decrease,

Heavy water use means the pressure fank will eventually need help from the pump to keep up with use.
The larger the tank the more water that Is stored under pressure, One option may be to increase the
slze of your pressure tank, though this can be expensive. Once the pump kicks on to help supply
additional water and maintain pressure, if the pump Isn't of sufficient capagcity to provide the water being
used, the pressure will continue to decrease as long as the use ls ongoing. When the water use stops,

the pump continues to run, filling the tank and increasing the pressure until the cut-out pressure s
reached,

If your system s in working order, but doesn’t maintaln pressure, the National Ground Water Assoclation
offers these three solutions:

1) Use a constant pressure valve between the pump and pressure tank. it adjusts flow fram the pump to
maintain a preset pressure in your system. it maintains a constant pressure rather than having the
pressure drop between the cut-off and cut-in pressure your system Is designed to work at. In essence,
the valve never fets the system reach the cut-out pressure that would turn the pump off while water is

being used. This valve works well as long as the pump has sufficient capaclty lo keep up with the water
being used,

2) Increase pressure tank capacity, either a larger tank, or a 2nd tank for those times when you need
adequate pressure during high use. As already mentioned, this works untii tank(s) are empty, then you
will be relying on the pump to keep up as before. This is the best solution if you have a well that can't
keep up with use, so that more Is stored during those times of non-use and there are fewer instances
where you need the pump to help maintain system pressure.

3) Use a varlable speed pump. These pump motors can run twice as fast as a conventional pump motor,
its speed Is tied to the pressure In the system so when there Is high demand, the pump increases speed

to keep up. These pumps are a good solution as long as tha well has the capacity to contlinue to provide
a high volume of water.

Air At Your Tap

if you have air coming out of your faucets, there are several likely causes, but the most common are
dissolved gases in the water and water levels in the well dropping to the level of the pump Intake. if you
have gas in solution, like methane, it can be released from the water at your tap. This occurs because
the water pressure you malintain in your system keeps the gas in solution, but at the tap the pressure
drops to atmospheric pressure, allowing the gas to bubble out of the water.

Dealing with trapped gasses In your water can be complicated. First, be sure your well has a vented
cap. This should help vent soma of the gas from your well. If you already have a vented cap, or if
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installing one doesn't help, then the options get more expensive. You have to aerata your water at some
point before it reaches your tap to remave the gases. This can be complicated and Involves a holding
tank to vent the gases, then a 2nd pump to get water under pressure back into your home. Figure 1 Is
an example of a vented tank methane removal system from the National Ground Water Assoclation's
Water Well Journal. In addition to methane, olher gases may be present in your well water. If you have

these Issues, the best thing to do Is contact your local healih agency and a contractor for advice on how
to best deal with this siluation.

vent line w/insect screen & flap valve
{terminate above roof)

spray bar
pump no. 2
(centrifugal
or jet)

pressure
tank

Q check

from '
pump no.|1 valve: _
(weil) ¥ to
t ¢ home
] \ '
float switch vented . pressure switch
to control tank: to control pump no. 2
pump no. 1
water flow through system W
4as flow through system b

Figure 1 - Vanted Tank Method for Gas Removal. Source: Natlonal Ground
Watar Assoclation Water Well Journal,

The other typical causa of air at the tap is the water level in the well being lowered to the pump intake
causing the system to pump both air and water. If this is the case, then you might be able to lower your
pump in the weli. Or, if this is a new problem, then it's possible the yield of the well has diminished for
some reason, and it might require maintenance or rehabilitation,

Low Yield Wells

A well may be in an aquifer that just doesn't provide that much waler. These wells are termed low-yleld
wells. There may be plenty of water in the aquifer, but it has to be drawn out slowly to maintain a
sufficient water level in the well. In many cases, these systems use a large or multiple pressure tanks so
that more water Is stored and ready for use, rather than relying on the pump to keep up with water use.
The pump is sized small enough to maintain the water level in the well above the pump Intake, and it
slowly fills the pressure tank(s) at imes when water is not being used. if the pump is too large in
capacity, the water level in the well will drop down to the pump Intake causing air to get in the system
and causing a lack of pressure buildup which can keep the pump on and damage it. One way to protect
the pump, if you have this situation, s to install a low pressure cut off switch, which will shut off your
pump when the pressure in the system is vary fow, below the normal cut-out pressure for the pump, so
that your pump doesn't continue to run when water isn't available. Before considering this, you should
talk to your contractor for advice.

Alt in all, low-yield wells can be problematic for other reasons, even if you have a very large pressure
tank and can manage to provide an adequate water supply to your home. These wells generaliy can
vary significantly between the non-pumping and pumping water levels. Especially in bedrock wells that
are open hole (have no casing in the bedrock), the repeated introduction of air on the rock can cause
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changes in chemistry, releasing metals into the waler, causing sediment formation in the well, and
possibly additional scale buildup on components. It can also provide better environment for blofitm
growth. At a prasentation attended by one of our staff, a low-yleld well in Pennsylvania was sampled
throughout the day as the well was used and the water level in the well dropped and recovered. Their
data showed significant changes in water chemistry almost on an hourly basis.

l.oss of Well Yield

If your well provided plenty of water at one time, but now can't keep up, then there may be something
else going on. Sometimes a well slowly loses yleld over time. This can happen for a couple of reasons:

1) Lower water table — if the water level in an aquifer or the water table drops in the area, because of dry
conditions or overuse, there may not be much that can be done. in some jurisdictions, there may be
laws that protect a well owner when another user causes well interference. You will need to check with
your state or territorial agencies to determine what options you have if you are In this situation (also see

the discussion of dry wells above). It may be that you can lower your pump, or it might mean you need a
deeper well,

2) Plugged holes or screen - siit, clay, Iron bacteria, slime, sediments, and mineral deposits can all
cause losses In yleld because of clogged openings, Figure 2 shows a well screen that has calcium and
magnaslum carbonate scale formation that is limiting the screen openings. If you have had a reduction
In well yield, contact a well contractor for help. There are mechanical and chemical cleaning methods

that can restore weli production. For more information on the causes, check ot the reference “Arizona
Weils: Maintalning and Troubleshooting Wells”.

ik

Figure 2 - Scale Formalion on a Well Screen. Photo. Ga}y Hix. Soa Arizona
Cooperalive Extension.

Pump Problems

To understand if your pump Is working properly, you need to be able to tell when it is running. If your
pump is in your basement (i.e., a shallow jet pump), i's obvlous when your pump is running and when it
isr't. But when the pump is in the well, it isn't as easy to know if your pump is on or off, Luckily, you can
watch the water pressure tank gauge to check your pump. Let's say your pressure control switch Is set
s0 that the “cut-in" pressure is 30psi and the “cut-out’ pressure Is 50psi. This means your system is set
up to lurn the pump on when the pressure drops down to 30 psi and shut off when the pressure reaches
50 psi. During the time the pump is on, the gauge should be increasing from 30 to 50 psi as water Is
pumped into the pressure tank and water system. it will shut off when It reaches 50 psi. If your pump is
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working properly, the gauge will follow this cycle. Though you can't actually hear a submersible pump
running, you should hear the pressure control switch cllck as it turns the pump on and off, and when the
pump is on, you can see the pressure increasing on the gauge. If this isn't what you see happening,
then there might be an Issue. Below are some possible pump problems and thelr causes. Though these
guidelines can help dlagnose a problem, we would suggest that most well owners contact a well/pump

contractor to actually fix any problems with a pump, Plping Is grounded and you are working with
electricity, so these aren't things to try and learn as you go.

The Pump Cycles Rapldly - This is likely a pressure tank problem where the air and water pressures
are not correctly balanced. If you have an older style tank with air and water In contact, then likely the
tank is waterlogged. This means that most of the air In the tank has dissolved into the water, so the alr is
gone from the tank, and there Is no way for the tank to build up prassure. (Remember that alr Is the
compressible fluld that allows your tank to build up pressure) For this older style tank, air needs to be
added. You should aiso check to be sure the tank isn't teaking air. If you have a bladder tank, which are
the most common today, then the bladder is likely ruptured and the bladder or tank will have to bs
replaced. Most bladder tanks are pre-charged and you should not add air to them. Contact a contractor
if you have questions. Though not as likely, it's possible the problem is with the pressure coniro! swilch,
but in most cases when this switch falls, it typically prevents the pump from being turned either an or off
at all. Another less common cause could be a clogged water filter. If you have an intine filter, you can

check this by taking the cartridge out aitogether just to test the system. Fllters have to be maintained to
work praperly.

Pump Doesn’t Shut Off — There are numerous causes of this. Many are due to the system not
reaching the cut-off pressure. It could be that the pump Is working hard but the pressure In the system is
not reaching the cut-off pressure so the pump remains on. This can happen if the pump inlet screen Is
plugged, if the water level in the well drops to tha lavel of the pump intake, if the pump parts are worn
and causing leaks, or if there is a hole In tha drop pipe bringing water up In the well. A stuck or
maifunctioning pressure control switch can also cauge a pump ta run continuously. Sometimes sediment
can clog the sensor opening. If this happens, then it may need to be replaced. If there is a filter inline In
the system, a clogged filter could also keep the pump from supplying enough water to pressurize the
system properly, Check the fiiter first, if you have one. Another possible cause Is a prassure control
switch that is not set properly, meaning the cut out pressure is set higher than the pump can deliver.
This isn’t as common, most of these switches are pre-set. If It isn't any of these problems, then the

pump should be pulled and checked. If the pump runs continuously, then it's only a matter of time before
it wears out,

Pump Won't Turn On ~ First thing to check is that the pump has electric power. Has a fuse been blown
or a breaker tripped? Was there a power outage or lightning strike? If so, it could have melted wiring or
caused some other damage that won't allow the pump to work properly. Maybe it runs for a few seconds
then shuts off, This could be a short in the wiring as well. if it's not a short, then check the pressure
gauge and make sure the system is below the cut-in pressure that should turn on the pump. [t could ba
that the pressure switch for the pump is maifunctioning, and may need to be replaced. Some of these
switches have a manual bypass lever. If yours does, you can force the pump on using the lever. If the
pump comes on, then the problem is likely in your switch. it could be sediment or debris in the pipe that
the switch Is mounted to. If you have narrowed it down to a switch or gauge, you should probably have a
contractor diagnose the problem for sure.

Pump Running When No Water Use - In theary, once the system is at lts cut-out prassure, it should
stay pressurized until someane opens a faucet. If your pump kicks on when there is no usa, then you
probably have a leak in your system. First, check for a running toifet. That is probably the most common
problem. If the problem Isn't with the toilet, then there may be a leak in your water lines somewhere.
Another possibility is that the foot valve that keeps the water from running back down your welt is
leaking, which would reduce pressure in the system.
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Bad Pressure Gauge

if there Is water pressure when you turn on a faucet and the pump control switch is clicking on and off,
meaning the pump is turning on and off like it is supposed to, but the system pressure gauge doesn't
move, then it could be the gauge itself is stuck and not working properly. This can happen if it is old, or if
sediment has plugged the gauge opening. The pressure gauga on your system |s an important tool in
maintaining your water system and diagnosing problems, if it sticks, have it replaced.

Septic Sys_tems

Lastly, we want to mention a few things about septic systems, We consider both the water and
wastewater systems of your home part of your overall water system responsibilities. A septic system
that isn't maintained can cause a host of other problems. Septic systems failures can be a source of well
contamination or cause your discharge to back up into your house, This can be caused by a buildup of
solids in your septic system that can clog the drainfield fines. Another common problem is too much
wastewater entering the system, which doesn't glve the system time to disperse the liquids in the
drainfleld or It can allow solids to get Into the drainfield piping. Some older seplic systems only have a
tank overflow for the liquids and under certain conditions can allow solids to get over the overflow. When
this happens, the tines that disperse the liguids get clogged and wastewater can back up in your homs.
There I8 nowhera for the wastewater to go if the perforated drainfleld pipes become clogged.
Wastewater discharge can also travel upward from the drainfleld, reaching fand surface, or push water
through the soil and down Into an aquifer before it has time to be treated naturally if the system is
overused. If you find a wet area where your drainfield i8, then you likely have a septic problem, Septic

discharge Is highly contaminated, especially with E. coll bacterla. It s simply unsafe to have sewage
coming to the surface.

To avoid these problems, properly maintain your septic system and follow best practices as much as
possible. A septic system is buiit to treat the waste from your home by separating the sollds and liquids,
then dispersing the liquids in the soll where they can be treated naturally, Figures 3 and 4 show typical
septic systems, which consist of the tank (Figure 3) and the drainfleld (Figure 4). The sollds fall to the
bottom of the tank and the liquids flow out into the drainfield. The solids build up in the seplic tank, and
based on size, they will have to be pumped out on a regular schedule, usually evary 2-5 years. Doing so
will prolong the life of your septic system. Not doing so is one of the main causes of seplic system
failures. Another way to heip your septic system work properly is to limit the water entering the tank.

This means using water conservation as a way 1o help the septic system work better and longer, The
less water the better,

Figure 3 - Typlcal Septic Tank. Source: Montana Slate University Extansion
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Figure 4 - Typical Drainfield Designs. Sourca: lilinois Cooperative Extension Service.

What you put down your drain or flush down your tollet can have a slgnificant impact as wall. Never put
any solids down your drain or tollet. Some examples of things not to flush include dental floss, coffee
grounds, paper towels, cat litter, or anything that could potentially be trapped or clog an opening.
Chemicals can interfere with the proper blological breakdown of sewage, so it's a bad idea to put things
like antifreeze, palnt, oll, pesticides, or other household chemicals down the drain (or flush them down
the tollet). Even using your washer too often can affect your septic system, Try to spread out washing
machine use during the week so that the system has a chance to break down the soaps and bleach
properly. Garbage disposals are aiso a source of additional solids and can be a plugging problem,

Next Steps

This week In particular, we have only covered some of the possible issues on these topics. We

recommend you take the time to go through the provided references to develop a better understanding
of what [ssues may arise with your water and seplic system. We also want to remind you that your wel
contractors, heaith officials, and other assistance providers {extension, DNR, etc), are here to help you

and you should get to know those folks and learn who can help you in your area,
Additional Resources

Visit our Resources area at The Private Well Class for a list of resources used to develop this content
and materials for further reading.
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if you have frouble viewing this email, click here fo read it on the web.

Before We Get Started ~ Feedback Requested

With Lesson 7 we begin the transition from talking about the physical parts of your water system to
discussing waler quality issues. Lessons 8-10 will be about water quality, sampling, and {reatment. We
thought now would be a good time lo get some feedback, Before we get to the lesson please click the
link below and let us know how we are doing so far and what we can do better. It's only four shart
questions. Thanksl Click here to provide feedback,

Lesson 7 — Getting Help, Finding Local Answers

Why This Lesson Is Important. The focus of these lessons Is to provide the resources you need to
learn more about your well and water system, with the goal of helping you become a more informed and
capable well owner, Since this class reaches the entire US and its territories, there may be issues
specific to your area that we won't be able to cover or discuss in detail. In this lesson, we hope to share
some of the resources and options you might have locally that will give you additional support and

provide you with contacts that can help you with these Issues. We also hope to show you strategies to
find this information in your area.

Your Well Driller and €ontractor

The driiler you use either to install your well or fo perform maintenancefrepairs Is probably the most
important asset you have. Proper care of your weil means you will likely need your driller sometime in
the future, so pick carefully, as you will probably have a long-term retationship. Do your research, and
be sure you are comfortable with them. A good driller/contractor wil stand out, They should be licensed
for your jurisdiction, You should also ask if they are certified by the National Ground Water Assoclation.
In some areas, NGWA certification Is a requiremant to get a drilling Hcense. We would also recommend
that you use somaone that can do everything related to your well, meaning they not only driil wells, but
instalt pumps, water lines, and water system aquipment. You should expect them to know everything

about your system, so that you only have to deal with one person no matter what the issue might be that
requires suppart or advice,

Ask a lot of questions. Do they file logs, and can you see a log from a nearby well that has been filed?
They should undersland the geology of the area and be able to easlly answer your questions, They
should provide both an estimate and a contract with performance, materials, and workmanship
guarantees for any big project. Be sure they have liabllity Insurance. Ask for references, specifically
customers who have had the same work completed you have. Ask neighbors for recommendations.
Contact the agency responsible for regulating drilfers and your local health agency to ask for
recommendations and find out if any of the contractors you are considering have had any complaints

filed against them. Your well and water system contractor is a professional, like your realtor or dentist,
Take the time to find the best fit for you.

Water System Issues

Who do you talk to when you need help with pitless adapters, pressure tanks, and common
maintenance issues related to properly maintaining your well and water system? Your local contractor is
an axcellent resource. Another Is the agency that regulates drillers and well construction standards for
your state or territory. We have come across some really knowledgeable agencies that have helped with
the class, and heiped answer questions from well owners. For example, the Minnesota Department of
Health and the Washington Department of Ecology, as well as various stats offices of the Cooperative
Extension Service have been very helpful. As a well owner, the thing to remember is all of these folks
are here to help you, so lean on them, ask questions, and learn from them.
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Help In Your State/Territory

Every state |s governed just a little bit differently. Because state laws were developed to meet the needs
of each jurlsdiction, different state agencies have different authorities and manage different programs.
For example, in Washington State licensing of drillers is governed by the Department of Ecology. In
Missourl, licensing is handled by the Department of Natural Resources. In New York, it's the Department
of Conservation. In Pennsylvania, they don’t license drillers at the state level. The point is you need to
learn who has jurisdiction for what, and where you can go for specific information on different topics. In
the sections below, we'll be discussing the kind of information you'll be looking for, as well as a few
ideas on which organizations in your area might have that information.

Well Logs

In Lesson 1, we talked about how knowing your geology and specific information about your well s
important for understanding both your optlons regarding water sources, and construction issues should
you have a well problem. Your well log is a good place to start as you collect this information.

Well logs are different in each state. In lilinols, there is a placs to put the static and pumping water level,
pumplng rate, and duration of pumping. These things teil you how much drawdown you will have when
pumping at that rale and give you some idea of how much water your well will likely produce, Other
states may not require this Information on their logs. Oklahoma, for example, asks for an estimated yleld

in gallons per minute, but there is no explanation on the log on how the driller might have come up with
this number.

You should know what the information on your well log means. The best way to find that out is to contact
the agency that requires or houses the well logs in your area and go over your log with them. This is
usually the organizalion that licenses drillers, ar that requires well logs to be filed, or that inspects new
wells, Or it could be all three. [n lilincis, for exampie, the lllinols Department of Health licenses drillers
and requires well logs to be filed in each county with the county heaith department. The logs are also
sent to the lliinols State Geological Survey and the Hiincis State Water Survey where copies are also

kept. The county health departments Inspect new wells and keep records of initial sample results that
show the well is free of contamination,

Other states operate differently, and a simple phone call to the organization that maintains your well
logs, like a DNR, DEC, or Scientific Survey, will help you get in touch with someone who can explain
how the process works for your area. Figure 1 Is a Google search for well logs in Missourl. Google can
help you track down the correct organization for your state, which should heip you find a phone number
of contact who can tell you more about the process and where to get Information.
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Geology and Aquifer Information

The same organizations mentioned above may be able to provide you with geclogy and aquifer
information for your property. However, the organizations that map geology and aquifers are most likely
to have staff that can explain the water availability and (often) the aquifer water quality of the area. In
many states this Is the Department of Natural Resources, the Department of Environmental Quality, or a
State Geological Survey. (Note: lllinois is the only state with a separate sclentific survey devoted to
water, the lliincis State Water Survey. Most states have only a State Geological Survey.) Other possible
sources are universities or the USGS. Figure 2 Is an example Google search for aquifer maps in
Oklahoma. As you can see, the search shows Oklahoma has a Water Resources Board and a

Depariment of Enviranmental Quality. The folks at either of these organizations can provide guidance to
Oklahoma well owners.

AN
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Groundwater Quality Information

It's important to note that there's a difference between groundwater quality and private well drinking
water quality. When water Is pumped into a home, it can go through a number of stages before it
reaches the tap. Water might sit in a pressure tank or water line overnight. It could also go through one
of several treatment processes. Changes in water quality can occur because of the introduction of
oxygen, removal of certain minerals, or because of leaching in older pipes. Because of this journey, we
might get different results if we were to collect a water quality sample at the kitchen tap versus a spigot
near the weil. Generally these differences are minor, but it's important to keep In mind that researchers
who have determined the groundwater quality of an aquifer are talking about the natural water quality In

the ground. This may or may not be the same as the quality of what comes out of your faucet in the
kitchan.

With this distinction in mind, most states do have groundwater or aquifer water quality information
available. The term some use for the natural water quality of an aquifer Is “ambient.” You may find that
term used In monitoring water quality, as we did in the search for “California groundwater

quality” {Figure 3). In California, because of water scarcity and water rights issues, there are multiple
jurisdictions that are involved in groundwater quality. California water boards are part of their State
Environmental Protection Agency. The Groundwater Information Center is part of their Department of
Water Resources. The Florida state agency Is the Department of Environmental Protection (Figure 4).

These agencles will be able to provide you with water quality information about the aquifer you use for
water supply.
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Well Drinking Water Quality and Sampling

The only way to know your drinking water quality for sure Is to collect a sample af your tap or faucet.

The water quality in aquifers can vary from location to location and the site specific conditions related 1o
your water supply can influence the final water quality (existing treatment, lead pipes, etc.). We will get
more Into sampling and drinking water quality In later lessans, but today we wanted to make the point
that sampling Is the only way to be sure of your drinking water quality and that there are some areas
where sampling may be required. In New Jersey, for example, extensive sampling Is required at the time
of property transfer. In Rhode Island, testing is required for a certificate of cccupancy and for new wells,

as well as at property transfer, The agencies respansibie for {hese programs arae a wealth of information
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Wetll Owner Resources and Support
There are a number of sources of information and support for well owners in addition to state agencies
and local contractors. One is the Nalional Ground Water Association, Thay have a page for looking up

contractorg as well as page that provides links for state agencles retated to contractors and well drillers.
The USEPA has a fist of all of the contacts for the state agencies that cerlify labs in each state.

Cooperative Extension Service

The Cooperative Extension Service plays a very large role in private water well issues in many states. If
you have been looking at the resources that go along with the lessons, you can already appreciate the
amount of information out there from Cooperative Extension geared toward rural well owners, They also
have the advaniage of being a network from the county to national level, meaning if your local co-op
extension office doesn't have a resource or answer, they have a network that can find answers for you.

In some states, Co-op Extenslon has developed a Master Well Owner Netwaork. These groups use the
train the trainer concept to help well owners become “Master Wall Qwners” who can, in turn, help other
well owners wiih issues at a more local level, Pennsylvania, Maryland, Virginia, and Texas all have
these networks in place. There may be others we are not aware of. We encourage you to get Involved, if

you are In one of these slates, and take the training so that you can help your neighbors learn more
about their wells too.

Well Owner and Environmental Groups

Many times, when there is a local issue of significant concern, citizens rally togsther, organize, and
develop a group to help inform others or to share resources in dealing with that issue. These groups
might spring up when someone wanis to put in a landfill, or when there is a pollution event that affects
an area. They can also be inspired by threats to natural resources, like by development or urban sprawt,
or when valunteers are needed to help monitor local water changes or educate students. Some develop
into very beneficial stewards for groundwater protection and education.

There is no way to point out or identify ali of the local groups that are engaged in these activities, but we
wanted to give you a few examples of groups we do know. We want to encourage you to took for such
groups In your area. If you find a local educational group that seems relevant to your interests, we'd also
like to encourage you to consider volunteering. Groundwater protection, for example, is everyone's

concern. it only takes a few misguided folks to contaminate an aquifer that could affect thousands of
people.

BACQG - The first group we want to mention is the Barrington Area Council of Governments (BACOG).
They are a local graundwater protection group west of Chicago, in litincis, that was formed to help

inform the landowners in the area about the sensitive nalural areas they have. The region Is full of bogs,
fens, and other wetlands that are sensitive ecosystems and encroaching development is threatening
some of those areas. BACOG Is now probably 10 years old, maybe a little less, and has evolved into a
strong voice for groundwater protection In thelr area. They have set up sampling days for private well
owners to get their water tested by their county health depariments. They participate in pharmaceutical
take back days, remind people not to put things into their septic systems that can harm their aquifers,
and have even developed Information about the geclogy and hydrology of their area with the help of
local professionals. They are an example of local action that has engaged hundreds of weli owners in

various capacities, raising awarsness of groundwater protection and well owner stewardship. They have
a website, which you can visit here,
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WCBMN - The Wisconsin Citizen-Based Monitoring Network Is supported by Wisconsin DNR and
provides a clearinghouse of information related to monltoring of all natural resources in Wisconsin,
including animatls, groundwater, plants, surface water, and soll. Their website is a coltaboration of
dozens of local groups In Wisconsin. If you click on the “Who's who" section, then “subject”, then
“groundwater”, you will see a list of a dozen local groundwater monitoring and guardlan groups, some
supported by other organizations, like The Groundwater Foundation.

WREN - The League of Women Voters in Pennsylvania’s Citizen Education Fund has developed the
Water Resources Education Network (WREN). WREN educates Pennsylvanians about water resources
lssues. They provide grants ($65,000 in 2012) to communities to carry out water resource education
projects as well as many other posilive programs. We subscribe to thelr monthly e-newsletter, and find
out about many groundwater related activilies going on in Pennsylvantia through their outreach,
Pannsylvania residents will find the newsletter has information that Is retevant to other topics as well,

Financing

There are programs out there geared to assisting rural land owners with weli construction or upgrades to
their water systems. Some are also available for proper abandonment of contaminated or unsafe wells,
Other programs may help pay for {esting your well water. There are still many wells throughout the
United Stales that are unsafe, not built to code, or using outdated equipment that may pose a safety
risk. We would like to see every well pit, every shallow hand dug well not built to current code, and every
abandoned well replaced with a system that better protects the user and the groundwater source. You,
as a property owner, should also realize that having an unsafe well will affect your ability to sell your
property.

Selling Property With A Well

Before we get to the funding avaifable for various well improvement projects, we want to take a moment
and mention private wells and property sales. Every state is different in thelr rules regarding property
transfer when a private well Is involved. Some have no rules, others have very strict rules regarding
sampling. In some states, a mortgage loan may hinge on a sampling resuit or even well placement. FHA
mortgage insurance has a number of provisions related to new well construction and water testing that

could affect a property sale. If you're considering buying or selling property with a private well, be sure to
check the property transfer reguirements in your state.

Loans and Grants for Wells, System Upgrades, and Repairs

USDA Rural Development has a “Rural Housing Repalr and Rehabifitation Loan Program” avaitable for
fow-income rural residents. You can find qut more about it from WellOwner.org. In addition, on the same
webpage, there is information about organizations offering low-interest loans and grants for water well
work. These organizations only cover certain areas, so if you're Interested, be sure to check to see if
they're offered whera you live.

Some states also have programs. Minnesota residents have several options for loans to assist with
rehab or replacement of a well, as well as for sealing an abandoned well. Another example Is the
Wisconsin DNR well compensation program for contaminated wells, In lowa, the Grants to Counties
Program is a huge contributor to groundwater protection and well owner safety. in FY 2012, 120 wells in

lowa were renovated using this program and 5621 water tests for well owners were pald for using thus
program.

Abandoned Wells

If you have an abandoned well on your property, there may be funding for part or all of the cost of
properly abandoning/sealing the well. Many of these programs are local, or motivated by a regicnai
group lrying to protect an aquifer. For instance, in Minnesota, the Capital Region Watershed District has
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Cther Programs

In some cases, an organization may apply for a specific grant to assist the well owners in their area.
This can mean funding for free analysis of water samples or for well owner education programs. We
mentioned the WREN e-news above, and the November 2012 newsletter mentions such a program that
was funded in 8 countles in Pennsylvania. It's worth your time to ask your county health department,
state USDA office, Co-Op Extenslon office and other private well related organizations if there are any
pragrams to support water testing, education, well sealing, or system upgrades. in Anne Arundel County
Maryland, they have radium Issues and if your well is high in radium, the county will reimburse up to
256% of the cost of installing radium treatment. They also have an assislance program for repair or
replacement of a failed well or septic system. We realize these are all local programs, but you just never

know what funding may be out there that could save you a little or a lot of money for sampling, repalr, or
even well abandonment.

Additionat Resources

Visit our Resources area at The Private Well Class for a list of resources used to devalop this content
and matertals for further reading.
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Lesson 8 — Groundwater Quality and Source Water Protection

Why This Lesson is Important: Understanding how your well and the groundwater you rely on can be
influenced by surface infiltration, naturally occurring contaminants, and even water availability gives you
clues to the problems your well might face. Some of these issues include drinking water quality, having

enough water for supply, and understanding the risks you might have if you use a well that is in a more
vulnerable situation.

Groundwater Quality

We talked in detail about groundwater quality in Lesson 2. It would be a good idea to go back and
review those materials. Both natural and anthropogenic contaminants can be a concern to well owners,
The most important factors hat influence groundwater quality near your well include vulnerability to
surface influences, existing natural groundwater quality, and proper well construction. In most cases, if a
well has a water qualily problem, it is related to one or more of these three issues.

Natural groundwater quality is what it is. If you are in an area with an elevated natural contaminant, like
iron or arsenic, there isn't a lot that can be done except {o treat the water. The confaminant is part of the
make-up of the geologic material and will likely be found commonly in the aquifer near your current well,

Aside from treatment, the only other option may be to drill a well into a different aquifer, if that is possible
at vour location.

Anthropogenic contaminants are the result of human activities, Finding a contaminant may mean that a
number of wells are deemed unusable, and generally a regulatory agency will get involved to try and
frace the source of the contamination. If it’s a local problem, because of poor management of sources
near a single welt, the owner will likely be responsible. If a larger issue involving a larger extent of an
aguifer or if the source is likely to move within the aguifer to other areas, then a responsible party may
have to mitigate the problem by removing the contaminant, if possible, or providing a clean source to
those who are affected. Removing a contaminant is difficult, which is why there are so many efforts and
rules aimed at protecting groundwater quality in the first place.

What Does Source Water Protection Mean?

For domestic wells, source water protection means protecting both the guality of the water in an aquifer
and near a well, as well as protecting the avaifability of water for use as a domestic water supply. Since
there are both water quality and water quantity aspects to source water protection, source water
protection may have a different emphasls depending on where you live. In some paris of the country,

water guantity issues and the right to use water from a well may be more of an issue than the water
quality.

Regarding water quality protection, much has been done to protect aquifers from contamination. There
are laws in place that require anyone using a potential contaminant to properly dispose of it, and to
ensure that their use deesn't lead {o groundwater contamination. The establishment of the EPA and
state regulatory agencies in the 1970s is the direct resuit of pollution issues related to proper use and

disposal of harmful chemicals in our land, water, and alr, Today, there are legal and financial
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The book, “A Civil Action” describes a court case Involving groundwater contamination in the town of
Woburn, Massachusetts in the late 1970's. The contaminant caused a leukemia cluster in the
community affecting a number of children. Though this example is about a community water supply, it
could just as easily have affected private wells. The aquifer that was contaminated evenlually had to be
cleaned up by the company that caused the contamination at {remendous cost. IU’s a tragic story of what
can happen when someone improperly disposes of harmful chemicals, The book is a very interesting
read, and was made into a movie of the same name.

Water Rights

Before we talk more about what you can do fo protect your source water, we'd like to talk about your
right to take water out of the ground. In many areas, this right is taken for granted because groundwater
is plentiful, but in some areas, as walter becomes more and more scarce, laws that govern those rights
may limit your individual rights to groundwater.

Nearly every jurisdiction in the United States has some water law that governs the fair use of waler,
whether that be common law or legistative action that has specified exact rules on water use and water
rights. Generally, water law has evolved in most areas through coutt decisions based on water use
condlicts. Water law todav has evolved from the following four doclrines {From Wisconsin DNR):

English Rule: Groundwater use is a property owner right. They can use the water under their property
at any time for any purpose. They can sall water or allow athers to use the water on their property
completely at their discretion. This was the original rule in most places, and has been replaced in many
areas based on conflicts that have arisen where one user has caused harm to another. Does it make

sense to atlow a person to pump as mich as they want for any use, if it affects others that may be
sharing the resource?

Reasonable Use Rule: Groundwater is still considered a property right, but the use must be reasonable
when compared to the water needs and uses of their neighbors. Reasonable can be defined in many
ways, and conflicts in slates that use reasonable use as their accepted groundwater use doctrine still
end up in court. in fllinois, a reasonable use state, we see most conflicts come up In areas where a new
industrial or high capacity user affects existing wells. If a high capacity user is not willing to mitigate the
impacts of their high capacity well on nearby wells, the impacted well owner has no choice but to take
them fo court. Most states east of the Mississippl River apply the law of reasonable use, primarily
because there are not as many water availability issues as In western states.

Correlative Rlghts Rule: All landowners in an area have an equal right to groundwater and the amount
they are allowed to use depends on the amount of land they own.

Prior Appropriation Rule: This is the basis for most western US water law. It's also commonly
described as “first in line, first in right”. it means that the first user of the water has the right to continue
using that same amount of water before anyone else. They retain this right even if In fimes of water
shortage it means that other users are left with litlle or no water to use. Water rights are not connected
to land ownership, but instead to the user and the initial time they put water to a beneficial use, These
rights can typically be sold or given toc others.

If there is any question as to the water law in your jurisdiction, contact the proper water resources

agency to determine what the law is in your area. If you are unsure, the agency that regulates well
construction is a good place to start.
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Wisconsin Exampie: From English Rule to Reasonable Use

English Rule was adopted in Wisconsin in 1903. it wasn't overturned until 1974, when a company
dewatered a number of private wells in order to install a pipeline. The state took them to court and
determined the company's actions were a “public nuisance.” This opened the door for a modified
reasonabile use rute that limits groundwater use only for beneficial purposes and only if pumping does
not cause unreasonable harm to their neighbors, Before groundwater flow was weli understood,
groundwater was considered a private property right, consistent with English Rule in Wisconsin and
elsewhere. However, now that we know how groundwater flows as part of the hydrologic cycle, with
movement over large distances at times, it is viewed more as a public resource. Reasonable use, which

reflects this shift in thinking, is the only law that is needed in Wisconsin because there are few water
availability issues in that state.

Washington Example: Prior Appropriation Rule with Exemptions

in Washington Stale, water rights are governed by their Department of Ecology. Small uses, such as for
a private well, are exempt from their requirement to get a permit of water right prior to drilling a well.
However, the exemption is subject to specific exceptions that must be followed, or & permit is required.
These exceptions include watering livestock, ¥ acre or less for iawn or garden irrigation, 5000 gallon
per day limit for a single home or group of homes, and 5000 gallon per day limit for industrial uses.
There are additional considerations in their law. If you develop land to sell, then the combined use, even
if broken into pleces with each piece having its own well, must be less than 5000 gallons per day. Water
rights in Washington are based on the prior appropriation rule, “first in fine, first In right”.

Ofther States

Oregon has similar water rights to Washington based on the prior appropriation doctrine. In their well
owner handboaok, it explicilly states that "senior” water rights come first, even before exempted uses.
This means that if you are considering installing a new well, you should contact the state first. It's

possible you are in an area with limited water resources where any new water use may be restricted or
prohibited, meaning you may not have a right to use a well at all.

Here in lllinois, our water law is based on reasonable use, mainly because we are considered a state
with plenty of groundwater available. What we are finding now, though, is that the growth in the Chicago
area may lead to new water law in llinols as there is more competition for groundwater that is in finite
supply.

Texas still uses the English Rute for groundwater rights, meaning the land owner can pump as much
water as they want from under their land, regardless of how it may affect nelghboring wells. There are a
few exceptions to the rule in Texas, based on harm or malicious intent, but generally the land owner can
pump what he wants. Recently in Texas, they have set up “underground” water conservation districts.
These districts have some authority to develop rules, at the local level, to help conserve, protect,
recharge, and prevent the waste of groundwater.

Water Conservation

Anocther way well owners can protect their groundwater supply is by practicing water conservation. We
aren't going 1o say a lot about it here as there are many, many resources available on the Internet that
fist best practices related to water conservation. When on a dug or bored well, or during dry pericds

where the groundwater supply might be affected, saving water can help. Some simple water
conservation methods include:

1) Use low flow showerheads, and limit time in the shower. Short showers use less water than filling a
bathtub.

2) Fix any leaky faucets or toilets, drips can add up quickly

3) Wash full loads of laundry and dishes.
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5) Sweep sidewalks and driveways, rather than spraying them off with a hose.

6) When using water at the sink, whather for brushing teeth or shaving, use a glass {o rinse rather than
leave the water running

7) Compost food scraps instead of using a garbage disposal. Garbage disposals use more water and
are alsc hard on your septlc system.

Protecting Your Drinking Water from Contamination

The keys to protecting your drinking water are those three things we mentioned at the beginning: 1.)
knowing how your well water might be influenced by surface sources including groundwater flow from
offsite, 2.) knowing the natural water quality of the aquifer you are using, and 3. ensuring your well is

properly constructed so drinking water is protected at the well. The next few sections summarize what
you need to know,

Natural Groundwater Quality

if you haven't had a sample of your well water analyzed to understand the natural water qualily in the
aquifer you are using for water supply, call the agency in your state or territory that maps aquifers as a
starting point. They will most likely have data on natura! groundwater quality. The other source would be
your local or state health depariment, which in some states may be the same agency in both cases. in
illinois, if a well owner calls the Water Survey, we can look up water quality information we have in our
database, as well as contact our state EPA who manages an ambient groundwater menitoring network.
In addition, some county health depariments in lliinois have their own lab facilities and may have
additional information on basic groundwater chemistry in those areas. You just need to ask, to get the
ball rolling. If you run into a dead end, we can probably help find the right contact for you. Knowing there
is a potential contaminant just means that when you are ready o have your water sampled, which we
will discuss in Lesson 9, you need to be sure and have the analysis include that constituent.

in some states, they have information online about potential for contaminants in given areas hased on
geology or other factors. Rhode !sland shows a map where arsenic and beryllium are recommended for
testing. Massachusetts has maps showing the probability of drinking water exceeding the standard for
arsenic and uranium on their Depariment of Environmenta! Protection website, They also have a

mapping tool online that allows you to put In your address and it will fell you the probability of arsenic or
uranium in private bedrock wells,

influence from Surface Sources

In Lesson 3, and repeated here, we provided the setback diagram of possible sources of contaminants
for welis in Minnesota from their Department of Health (Figure 1a and 1b). Figure 1 provides some great
guidance on the different possible sources that could influence your well water quality locally. Every
jurisdiction has its own setback rules. You shoutd become familiar with yours. Knowing the current
standard will give you a better idea of the risk you might have for contamination. You should isolate your

well as much as you can from any contamination sources and ensure the sources you do have are
down gradient of your well,
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The flow direction of the groundwater you are using for your well is a critical component in

understanding how to protect your water supply. Knowing where your water is coming from and where it
is going can not only guide you on storage of possible hazardous chemicals on your property, but also
provide some guidance on where else you might need to look for sources that could influence your
water quality. Maybe your septic system is down gradient from your well, as it should be, but your
nelghbors who may be up gradient from your well, may also have septic systems on their property. What

A/ILDON01R



[Private Well Class] Lesson 8 Page 6 of 6

The other pieces of this puzzle include your well depth, well type, and surficial geclogy. If you have a
dug or bored well, then you are likely getting your water from areas that are very near your well. These
wells are typically shallow, which increases the likelihood of water from the surface near the well actually
becoming part of the water you withdraw from your well. if you are located in an area with a very shallow
aquifer and sandy soils, then the infiltration In the area is high and surface influences will be that much
stronger in your well. Finally, well depth--or more importantly, the depth at which your well is getting
water--is important to how much influence surface infiltration will have on a well. it could be that you
have a bedrock well that is 150 feet deep, but the bedrock surface is at only 15 feet and the well is an
open hole from maybe 20-25 feet below land surface to the bottom. In this example, your well is getting
watar from 25 feet through 150 feet, which is much different than a 150 foot sand and gravel well that
has a & foot screen from 145-150 feet below land surface. In the latter case, the water getting in the well
is only from 145-150 feet and much less susceptible to surface influences,

Well Construction

There are many, many old wells still in use today that don't meet current well construction standards.

The standards that have been developed are meant to protect the well owner from harm by protecting
groundwater from contamination. If you have a well that doesn’t meet current well code, it's worth your
while to modify the well, if possible, to provide adequate protection from the surface. Your wel! driiler is

probably the best source for advice on these issues, as well as the agency that regulates well
construction.

Next Steps

Lesson 8 explains why many of the other pleces of the class are important, especially the early lessons
{1-3). It would be a good idea to review those lessons if you would like to refresh and reinforce the
concepts related to groundwater quality and source water protection. This will also prepare you for what
to do if a water sample from your well indicates there is a contaminant,

Additional Resources

Visit our Resources area at The Private Well Class for a list of resources used to develop this content
and materials for further reading.
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Lesson 9 — Sampling and
Interpreting Results

Why This Lesson is Important: Of all the things you do to maintain and protect your well and water
system, collecting a water sample is one of the simplest things you can do to ensure your water is safe to
drink. It's a critical part of an overali well management strategy that provides you with some confidence that
you are properly maintaining your water system.

Some Background Info

Researchers In Wisconsin, Michigan, and Minnesota surveyed over 1700 well owners about thelr water wells,
testing, and perceptions about their well water quality. They were trying to understand why so many private
well owners do not get their water tested, even though sometimes counties or other local groups offer testing
programs. Figure 1 lists the top ten responses they recelved to the question “"Why haven't you tested water
from your well?” When the Private Well Class first started, several health professionals asked us why more
people aren't interested in testing, even when there are programs In some areas that might provide it for free,
Figure 1 provides some of those answers.

When they analyzed their survey results, the researchers reached some conclusions about homeowner
attitudes to well water quality and testing {(Figure 2). The study conclusions suggest that people belleve their
water Is safe without being sure. Sampling provides some certainly about water quality. The concluslons also
talk about not being informed as a barrler to testing, Our role is to provide you that information, so you know
what you should be concerned about.
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Figure 1 - Reasons People Don't Test Thelr Water, Source: Extension Great
Lakes Water Quality Program.

Figure 2 - Study Cenclusions. Source: Extension Great Lakes Water Quality
Program.

Why Sample?

Simply put, testing your water is your best way to know your well water Is safe to drink, As you can see from
Figure 1, many people assume it's safe, In generai, they are probably right, but not in every case. Proper
management Includes knowing your water quality, There are also other reasons to sample, An initial water
sample can Identify your general water chemistry to help you, as a well owner, understand any nuisance
concerns you might have. If iron Is high, for example, or the water is hard or slightly acidic. Knowing your
water chemistry could save you ruined clothes. Low pH can cause pitting in copper plpes, which would be
really expensive to fix, Regular sampling can also alert you to possible changes in your well, If values change
with time, for example, it could be an Indicator of something going on In or near your well,

What to Test For

When deciding what to test for, there are a number of things to consider. We realize that sampling can be
costly, but ensuring your water Is safe to drink is definitely a worthwhile expense. For example, if there are
chitdren in the house or someone Is expecting, then there are speclfic contaminants that should be tested for.
Depending on where you live, some natural contaminants may be a concern, Depending on the depth and
type of well you have, you might have mote reason to test for contaminants that could be introduced near the
well, Even the age of your pipes can influence what things you test for,

Do Your Homework
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Do your homewaotk first. Talk to your county health department, cooperative extension office, state geological
survey, and other state agencies {DNR, DEQ, DEC, DPH) that deatl with private wells and ask them if there are
natural contaminants of concern that might exist in your area. Look oniine for information about water quality
concerns In your area, We gave you some examples of the types of online information that are avaitable in
Lesson 8, as well as how your well can be affected by nearby surface influences. 1t’s likely that most private
well owners don't have to worry about burled gas tanks from a nearby gas station, but a few certainly do. If

your area Is more residential, there could be issues with things like road salt. Know what’s in your area,
especlally up gradient of your well,

How Often Should I Test?

You should ask your health department what they recommend first and foremost, We have found It's almost
universally recommended that a private well be tested annually for nitrate and coliform bacterla, Both of these
things are easy to test for and both are indicators of a possible pathway for contaminants in your well,
Coliform bacterla aren’t generally found in groundwater, so if you have them In your well, it's iikely they got in
from a crack, poor seal, or because the well was opened. If the bacterla got into your well, that could mean
there are other things getting in as well. Nitrates can cause blue baby syndrome in infants, so expectant
mothers and bables need to be sure thelr water Is fow In nitrate, We also think that pH and hardness shouid
be tested for regularly, The Rhode Island Department of Health recommends testing annually for sodium,
turbldity, and color because all are good general Indicators of weli water quality. These are guidelines and, as
we mentioned before, shoutd be discussed with your health department, and the possibly the lab as well,

If you don't have any information about the chemistry of your well water, then initlally it would be good to
sample for a wider range of constituents. This provides you with help In determining any nuisance Issues and
gives you some indication of why you might be seeing things like scale bulldup or fron staining, etc. It also
provides you with a baseline of water quallty parameters for comparing test results in the future, Below is a
list of what several state health departments recommend for an initial sample of your well water (in addition
to those recommended above):

Arsenic, Chloride, Fluoride, hardness, iron, lead, manganese, pH, sulfate

Copper, if you have copper plping

Zinc and Cadmium if you have galvanized piping

Anything else identified by those you have contacted for suggestions based on your specific situation,

Some organizations recommend sampling for the above list every 3-5 years, In general, unless something has
changed with your well, many of these parameters will be fairly stable over time. However, this Is not the case
for shallow wells and those that are Influenced by surface sources. Vulnerable wells can have dramatic
changes in water quality. This would be one reason to sample more often, at least until you are comfortable
with how the results might change.

Other Reasons to Sample

A well can be influenced by a number of things, Even an earthquake could affect the water quality in a well,
So, In addition to a regular sampling schedule, you should consider testing:

o for nitrate, lead, and colliform bacterla if there Is an expectant mother or baby in the home,

o for fluoride if there is natural flucride in the area and there are any children under 12 drinking the
water, Some fluoride is good, too much can discoler or damage teeth,

& any time you notice a change in taste, odor, smell, color, or any other changes (sediment, cloudy
water). Depending cn what the change Is, your heaith department can give you guidance on what you
might need to test for.

o for coliform bacteria if there Is an unexplained and/for reoccurring gastrointestinai iliness in the family

e to moniter the performance of your treatment device, and any time treatment is installed.
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e for coliform bacteria anytime the well is opened or you suspect there is a potential contamination
problem,

o after your well has been chlorinated to confirm that the chlorination got rid of the bacteria in your
well,

o if a nelghbor has indicated they have a well water quality problem,
o [f there has been flooding at or near your well
¢ if something has been spiiled near the well

Lastly, If you have a sample result that indicates there Is something in your well, we recommend resampling
before you do anything else. Labs can make mistakes, and samples can get contaminated when belng
collected if the sampler isn't careful. Sometimes, the lab will even suggest this to confirm your result.

Where to Get a Sample Analyzed

You should use a lab that is certifled in your area. States maintain a list of these labs for community water
supplies that must use them for the analyses they are required to submit to thelr regulatory agencies. The
USEPA has a website that lists contacts and a webslte for each state that will provide a list of certified labs.
You can also contact your nearest community water supply operator and ask them what fab they use,

When talking to a lab, make sure they are certifled for each parameter you are Interested in. Seme may only
be accredited for microbiology, for example, or for metals, but not vice versa, Belng a certifled lab means that
they are using accepted methods for determining the amount of a constituent in water and that they have the
abllity to meet certaln testing standards and accuracy requirements,

There are also state and local programs available for testing. We mentioned the lowa Grants to Countles
program in the last lesson, for example, and there are other programs avallable in other states as well. Figure
3 Is a screen shot of the New Mexlco Environment Department's Liquid Waste Program. NMED offers free
testing of well water for fluorlde, iron and nitrate for those private weli owners who have registered their
septic systems with their program,
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Figure 3 - New Mexico Environment Department Well Testing Program. Source: New Mexico Environment
Department. :

Lab Considerations

You should ensure the lab you choose meets your needs. Even state approved labs can vary in customer
service, Some may not even offer testing for private well owners. In most cases, the lab will provide all
information and supplies necessary to take a sample and get it back to the lab. Some labs may even have
staff that come and collect the sample for you at your home, Choose a lab that makes the process as easy as
possible for you and Is willing to spend time with you on the phone discussing your particular Issues.

There are a number of things to discuss with the lab that can affect the number of samples coliected for
analysis. We recommend that you collect multiple samples under the following clrcumstances:

1} If there Is treatment on the system (including water softeners), you should collect a 2nd set of samples
before the treatment system to understand how effective your current treatment is and how it changes the
chemistry.

2) If there are lead pipes, you should collect a “first draw” sample, and a 2nd sample after the distribution
system has been flushed. A first draw sample is taken to collect water that has been sitting overnight in the
plping in the home, This will give you an idea of the effect your lead pipes have an your water quality

In most cases, the Instructions will recommend that water sample should be collected at the cold water tap at
the kitchen sink. If there s treatment on this tap, such as an RO unit (reverse osmosis), then you should use
a tap that is not specifically treated. You shouid collect a 2nd sample of the treated water to verify it is
removing possible contaminants. The lab should give you detailed instructions as well as bottles to use. It's
imperative that you follow thelr directions. If you have questions, get answers before you collect the sample,
Read though the procedure and be sure you understand what Is being requested before filling the bottles.
Some of the suggestions may seem silly or “overboard”, but they are not. Samples can be easlly
contaminated. In most cases, the samples require return to the fab within a short turnaround time, so be sure
to plan the actual time of sampling so that you will be able to return the sample as soon as possible. Fill out
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all forms and keep a record of the details for your well information files. If you are using a lab that sends out

staff to collect the sample, be sure and get a copy of any information they fill out, including details on the
sample bottle numbers,

Testing Results

“Safe” drinking water s a relative term. There are no drinking water standards for private wells. However, the
USEPA has developed a iist of drinking water standards that public water supplies must meet. Those standards
are generally the accepted “safe” levels that most agencles and professlonals use when working with private
well owners, Information on all requlated contaminants is avallable from the USEPA, They provide the
accepted levels, the potential health effects, and the possible sources for each,

When you recelve your results, you should contact the lab and ask them to go over the results with you, If
there Is anything on the form that you don't understand or that needs an explanation, the lab should be akle

to provide it. We also recommend sharing the results with your local health department, if they weren'’t
Involved, and seek their advice on the meaning of the resuits.

Penn State Institutes of Energy and the Environment, along with Penn State Extenslon, have developed a tool
to help you Interpret your sampling results, It's called the Drinking Water Interpretation Tool (DWITY. DWIT Is
an Interactive webslte. You input your sampling results, and it tells you if they meet the EPA drinking water
standards. So for example, Figure 4 Is a screen shot of the DWIT where we have Input values for arsenic at
0.1 mg/l (milligrams per liter), which is .1 ppm (parts per million), which Is 100 ug/l (micrograms per liter),
which Is 100 ppb (parts per billion). We also added lead at 0.1 mg/l. Figure 5 shows the resulting output,
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Figure 4 - The Drinking Water Interpretation Tool, Source: Penn State University.

The DWIT Is a good screening tool for a well owner, but it doesn’t replace talking to a health professional
about your results. The nice thing about the DWIT is that It also links to resources that provide more details
on some chemlcal parameters, As you see In Figure 5, under “For more information” there are links to get
additional Information about arsenic and lead, We realize this too! was developed for Pennsylvanta, and the
support materlals may discuss specific issues in Pennsylvania at times, but they also ¢an help you develop a
better understanding of what it means to have certain constituents in your well water. Reading up on what's

In your water will better prepare you to ask the right questions when you contact someone to go over your
results,

Figure 5 - DWIT Resuits for Arsenic and Lead. Source: Penn State University.

Understanding Units

For those of you that took the pre-test way back with Lesson 1 (and we greatly appreciate the 71% of you
who did), there was a unit converslon question about the amount of arsenic in a sample. It required you to
convert the arsenic result into ppb’s. The question was tricky on purpose {only 41% of respondents got it
right). Lab results are given in different unit sizes because high levels of some things aren't very harmful, yet
very low levels of others can be very harmful. The terms and conversions below provide some guidance on

common unit conversions that will hopefully help. Just remember that you multiply or divide by 1000 (move 3
decimal places) in most cases to get from one unit to the other.

Terms

mg/ — milligrams per liter ug/i — micrograms per liter
ppm - parts per million ppb ~ parts per bililon
1mgfl=1ppm1iug/l=1ppb

Conversions

1 mg/l = 1000 ug/l {move 3 decimals right to go from big unit to small unit)
1 ug/l = 0.001 mg/l {move 3 decimals left to go from small unit to big unit)
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1 ppm = 1000 ppb (move 3 decimals right to go from big unit to small unit}
1 ppb = 0.001 ppm {move 3 decimals left to go from small unit to targe unit)

So,

1 ppb = 1 ug/l = 0.001 ppm = 0.001 mg/l
10 ppb = 10 ug/! = 0,01 ppm = 0.01 mg/t
100 ppb = 100 ug/l = 0.1 ppm = 0.1 mg/l
1000 ppb = 1000 ug/l = 1 ppm = 1 mg/l

If You Have Lead

In most cases, lead In drinking water Is due to lead pipes or lead solder In your home piping system. Changing
all of your pipes probably isn't a viable option, It doesn't mean you can't drink the water, but It does mean
you need to determine how much lead is leaching, and how quickly. We'll talk more about treatment options
in Lasson 10, but If your water is corrosive, it may be that you can ralse the pH a little and eliminate much of
the lead leaching into your water, Another possible technique for minimizing the tead you are actually
drinking, assuming you aren't limited in the amount of water you can use, is to let your water run before using
it. Water that sits in your plpes for long periods will have more lead. Running a faucet until all of the water
that was sitting In the distribution system has been expelled will reduce the lead content because the fresh
water from the well hasn't had the contact Ume to leach lead from your pipes.

Next Steps

If you haven't aiready, consider getting a water test completed of your weli water. Be sure you maintain good
records of test results, just like everything else related to your well and water system. Now is a good time to
review your record keeping to be sure you have the right phone numbers and contacts. That way, if you
netice a change in taste of your water, for example, you will know who to ask about it,

Additional Resources

Vislt our Resources area at The Private Well Class for a list of resources used to develap this content and
materials for further reading.
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Lesson 10 — Water Treatment
Solutions

Why This Lessen is Important: If you have a contaminant in your well water, or a constituent that causes
some aesthetic problem, there are options avallable to treat your water. There are literally thousands of
treatment devices out there. Understanding the type of device you need, as well as knowing how different

treatment devices work, will help you eliminate bad cholces and protect you from expensive--- and possibly
unneeded---treatment.

Using Your Water Testing Results

If you're considering treating your well water, it can be a good Idea to get a fairly comprehensive water
analysis. This provides you with a full list of the things in your water. Sometimes, you might need treatment
for a particular contaminant, but there might be other, similar constituents in the water that affect how well
certain treatment devices work, For example, hard water can limit the effectiveness of a reverse osmosis (RO)
system. Because of this, If you were going to use RO to remove, say, arsenic, knowing you have hard water
might mean you should consider a water softener If you don't already have one,

We realize that in most cases, the water you have is what you have to deal with. However, in certain
circumstances it could be that your well is contaminated to a point that treatment is going to be a significant
ongolng expense. In these cases, it's worth looking at other opticns, One is to connect to a community water
supply, If that is even a remote possibllity. The other is to look at the possibllity of a different well, either In a
different location, or a different aquifer, or both,

In parts of the country with karst geology (areas with caves, caverns, and sinkholes), well owners might
particutarly want to consider other drinking water optlons. Because these areas are prone to surface
contamination through sinkholes and rapld movement of water through the caves carved through the
limestone, a well in these areas wiil continually test positive for coliform bactetla, E. coll, and other
contaminants such as pesticides. In some parts of the Midwest, 80% of the wells tested In karst areas have
positive results for bacteria. Water districts that pipe treated water over large rural areas are becoming
commonplace in karst areas as the only alternative to individua! wells that are continually at risk.

Determining the Source
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Suppose your sampling results have Identifled one or more things in your water system that are either a
heaith risk, or are likely to cause some sort of aesthetic problem, Before deciding on treatment, your first
mission should be to determine exactly where contaminants are coming from. Some are obvlous, like lead

from corrosive water and lead plpes or solder. Or arsenlc that you already knew was a possibility because It's
been found in your aquifer.

Other things might not be so obvious. Coliform bacterta, for example, or high chloride, could come from any
number of sources, If this happens, use what you've learned to figure out what might be causing the problem
and if it can be dealt with. It's always best to ellminate the source first. This could mean that continued, fong-
term treatment might not be needed.

Point of Use and Point of Entry

Home treatment Is typlcally elther Point of Use (POU) or Point of Entry (POE). POE means the treatment is at
the point where water enters the home, In cther words, it provides whele home treatment. This type of
treatment Is generally more expensive because you are treating more water, IU's necessary, however, If you
are treating for a contaminant that has a health risk even for a general water use, like taking a shower. Radon
Is an example of a contaminant that should be treated with a POE unit. Radon gets into the air In your home
from any faucet or tap.

POU units typlcally are used to treat water for drinking and cooking at a specific tap or faucet. These units are
used to treat a contaminant that Is a health risk if ingested, or that might cause taste Issues. Because they are

only treating a portion of the water coming into your home, they can last longer, and be less expensive to
maintain.

Shock Chlorination

Many, many weli contamination problems are caused by poor well construction, or a well that has seme sort
of casing breach that allows access to the inside of the well. That's one reason why testing for coliform
bacterla is considered necessary at least annually. It's an inexpensive way determine if there might be a way
into your well from at or near the surface.

If you have a bacterial contamination problem, then chlorinating your well to eliminate the bacteria is a
necessary next step. Shock chlorinating a well with no follow-up treatment assumes that you are responding
to a one-time event. Maybe you had to open the well, or there was a flooding event. But if the source of

contamination is stil there and ongoing, like from a feediot or a failed septic system, then your contamination
problem will likely return,

You should talk to your local health department about their recommendations for chiorinating your well, If you
have any reservations at all about your ability to chlorinate your own well, we would recommend you contact
your well professional for assistance., We have also found many varlations on the procedures recommended
for chlorinating a well. We particularly like the procedure recommended by the Minnesota Department of
Health. Their procedure, outlined in "Weil and Water System Disinfection For Private Wells”, is comprehensive,
includes safety Information everyone needs to be aware of, and provides detalled instructions that are clear
and easy to follow. There are also procedures listed for how to deal with your existing treatment equipment
when you are chiorinating your system, As we sald before, talk to your local health professional and ask
advice. Possibly even take In a copy of the MDH procedure and ask for an explanation of anything that you
might have questions about before you start,

Filter Devices

Filters are a common water treatment device that can be used for a number of different applications. Some
are mechanical filters that prevent particles or contaminants that are over a certain size from passing through,
Others include media or resins that help bind or adsorb certaln contaminants that are attracted to the media,

Filters come in a number of sizes and designs. Smaller units may cnly treat a few hundred gallons of water
before the cartridge needs to be replaced. Understand the maintenance and replacement costs before you

Wit Hfmail aravniing nat/eveohanoe/teraca niittea/Inhny /Emailine Y4200 Prvatad 2 O0Wail04Y  199/90172



make a decision on a fliter,

o Mechanicat Filters trap solids in the water, like sand, clay or other suspended particles. They reduce
turbldity and are sometimes used to “clean” water prior to another kind of treatment to make that
treatment more effective,

e Activated Carbon Filters are a type of adsorption media that use a specially manufactured charcoal
material that can sorb and hold organic contaminants. When water flows through an activated carbon
filter, contaminants “stick” to the media. They are most frequently used to help with taste and odor
problems, but they can also help remove chlorine and its byproducts, radon, pesticides, and other
organic chemicals. They require regular maintenance and filter cleaning/replacement, and can be a
source of bacterial contamination If not malntained properly.

¢ Speclalty Filters can be used for specific constituents, like iron or arsenic. Oxidizing fllters, such as a
manganese greensand filter, will remove iron and hydrogen sulfide. Oxidizing filters work by changing
dlssolved contaminants to solid particles that can then be filtered out of the water. A neutralizing
filter, typlcally using calclte, raises the pH of water so that lead and copper leaching in pipes are
minimized,

Reverse Osmosis (RO)

RO Is a unique form of filtration that works by forcing water through a semt-permeable membrane. The
membrane lets some water through, but prevents the contaminants from going through. Figure 1 shows the
RO process. The effectiveness of a RO system depends on several factors, including the type of membrane,
the pressure pushing the water, and the quallty of the source water. RO units waste between 4 and 10 galions
of water for every galion of water treated.

Figure 1 - The Reverse Osmosls Process, Source: Arizona Cooperative Extension.

RO removes comman minerals, like lead and arsenlc, as well as other organic chemicals. It works for fluoride,
nitrate, and sulfate as well. The membranes are sensitive. Some are rated to be used with chlorinated water
(community water supply), and others are not meant to be used with any chlorine. Water hardness can affect
an RO unit and in many cases a water softener is recommended prior to the RO unit to extend the life and
efficlency of the membrane.

Distillation
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Distillation Is the process of converting water to steam and then back to liquid, ieaving the contaminants
behind in the process. Figure 2 is a diagram of the distillation process. Distillation effectively removes
inorganic contaminants, including minerals, metals, and particulates, from water. It also kills micro-organisms,
Including most pathogens, The drawbacks to distillation are the costs and the space requirements for the
equipment. It takes a lot of energy to boit water, and the units are generally countertop size or larger. The
advantage of a distillation unit Is that It removes so many things. If there were a number of different

constituents in your water that distillation would remove, then it might be a comparable option to other
treatment.

Figure 2 - The Distillation Process. Source: Arizona Cooperative Extension.

Ion Exchange

Ion exchange is the process whereby one or more chemical ions are exchanged with others during the
treatment process. The most cammon application of ion exchange Is catlon exchange (positive charge) in a
water softener. In a water softener, sodium or potassium lons are saturated on the resin in the softener, Hard
water has a high calcium and magnesium concentration. As hard water passes through the softener, the
sodlum and potassium are released from the resin and replaced with calcium and magnesium. During this
process, other metals like iron or arsenic can also be removed in small amounts. Anion exchange {negatively
charged ions) is also a common treatment process whereby anions, such as sulfate, are replaced with chloride
fons. Figure 3 shows the water softening process.
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Figure 3 - The Water Softening Process (Ton Exchange). Source: Arizona Cooperative Extension,

Ton exchange requires reguiar maintenance as well, The resins become fouled with the exchanged lons and
have to be regenerated to work properly again, Teday, most water softeners are built to be automatic or
semi-automatic, meaning the regeneration process basically takes care of itself. They do still need the salt
supply for the brine solution to be malintained. There are also additives to help with removing the iron that is
trapped In the units, and sometimes they will have to be backwashed to remove those minerals.

Disinfection

Disinfection is the process of reducing the level of pathogens in water to a safe level. The most common
approach to disinfection is chlorination. The effectiveness of chlorination depends on concentration in the
water, pH, and the contact time. Generaily, disinfection is not a continuous treatment process for private
water supplies, and the presence of pathogens indicates a problem with the well or water system. The first
step is to find the source of the pathogens and remave it, so that disinfection ¢an be a one- time thing.

There are other disinfectlon methods avallable like ultraviolet light (UV). UV works by inactivating
microorganisms using light of a specific wavelength, 1t affects their DNA and leaves them unable to reproduce,
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UV used for continuous disinfection Is more common with community water supplies, not private water

supplies. If you are In a unigue situation where continuous disinfection Is necessary, there are home systems
available for both chiorination and UV that can be explored,

The Importance of Maintenance

If you already have treatment or are consldering adding treatment, a key consideration is proper maintenance
of the equipment. Treatment adds complexity to your system, which Increases the time necessary to ensure it
Is working properly, It's a commitment. At best, improperly maintained treatment equipment may not do its
job. At worst, it can cause other problems with your water system, You should follow the manufacturer's
recommendations to ensure the equipment works properly and have it installed by a professional. Generally,
these devices require regular use to continue to function properly, As a good management practice, sample
periodically to be sure the treatment device Is functioning properly.

Be Sure You Need Water Treatment

Thare are many reputable water treatment professionals out there, However, there are others who will try to
convince you that your water Is unsafe and you need treatment, even when that might not be the case. Be
informed, dont be pressured, know what the treatment does, how Iit's supposed to work, and be sure it's
something you really need. Before buying, check out the company. Call the Better Business Bureau to see if
there have been any complaints. Ask for customer references. Do your homewark,

This Includes the actual water sample. If a company offers free water testing, or an at-home water analysis,
get detalls. Ask them to quantify the result (give you a number). You should have a sample tested by a
certiffed lab to be sure you in fact have a problem before committing to any treatment.

As we said, adding treatment Is a commitment of time and resources. Know what you are getting Into and
why, The Penn State Cooperative Extension has a factsheet called "Home Water Treatment in Perspective”
that has a lot of great information for homeowners considering treatment. It describes the water treatment

industry, the do's and don'ts, and provides an eye opening perspective that reminds us all that being informed
Is our best defense from making a poor decision,

Equipment Testing, Performance, and
Certification

There are several organizations devoted to testing water treatment equipment. These organizations evaluate
equipment independently to determine if they work as advertised and also If they meet certaln standards in
regard to how effective they are at removing contaminants. You have prabably seen the NSF seal or the UL
seal on appliances or pieces of equipment, These two organizations, the National Sanitation Foundation and
Linderwriters Laboratorles certify that equipment meet certaln standards and thelr seal on a product provides
some assurance that the treatment device wiil reduce the amount of a contaminant in water, These standards,
called ANSI/NSF standards, are described in Flgure 4 below.
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Figure 4 - ANSI/NSF Standards for Treatrment Devices. Source: Natlonal Sanitation
Foundation,

It's impartant to understand what reduction really means. It's a reduction in the amount, not necessarily the
complete elimination of a contaminant. For Instance, to earn ANSI/NSF “certification” for copper removal, the
testing of the device involves inputting water into the device at an Influent concentration of 3mg/! of copper
and the device must reduce the copper concentration to below 1.3 mgy/l. Some devices might reduce it to 0.5
mg/l, or maybe just 1.2 mg/l, but as long as It reduces copper to below 1.3 mg/l, it will earn certification. So,
even when you see a device that has an NSF or UL label, you need to understand that the device may not
remove all of a contaminant and there were limits on the amount of contaminant it was tested to remove.
When there is a known health standard for a contaminant, like 1.3 mg/I for copper, the ANSI/NSF requirement
is usually that the device must Jower the contaminant to at least that level, The complete list of substances
that NSF certifles equipment to treat can be found on thelr website on the Contaminant Testing Protocols
padge. The nice thing about this page Is that you can click on a listed contaminant and it takes you to a page
that exptains the types of treatment that will work for reducing that particular constituent,

Another source of useful information is the Water Quality Assaclatipn,. This is an organization that also does
testing for its members, which are many of the equipment manufacturers. They also list all of the treatment
equipment they have tested that meets the ANSI/NSF standards {42, 44, 53, 55, 58, and 62), as well as their
own [ndependent standards (WQA deslgnatien) and have been approved by ANSI as well,

If a treatment device has the WQA gold seal or the UL seal or the NSF seal, that means it meets the ANSI/NSF
standard. The seal refers to the 1ab that did the testing, so if the davice has the NSF seal, that means that
NSF did the actual testing of the product. Figure 5 is a screen shot from a sales company webpage that shows
some of the brands of distillers they sell. The next to last column shows If they have certification, and what
type. We are not endorsing any of these brands, just providing an example of the types of information you

can find for typical treatment products, and a reminder to do your homewark before deciding on what and if
to buy.
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Figure 5 - Sales Table for Typical Distillers. Source: Fresh Water Systems webpage,

Next Steps

This Is the last lesson of The Private Weil Class. If you have not attended any of the weblnars yet, we
encourage you to do so in the future, Next week, you will get an email with a link to the post-test, It wili help
us tremendously if you will take the test. You't also get a new score to compare to what you got from the pre-
test, {Do you remember your score on the pre-test?) As always, if you have questions you can email us at
info@privatewellclass.org. Thank you for participating in this programi

Additional Resources

htttvar ffall aravrmiinag et/ avehanage/taracs Birtea/ Tnhny /B atlina 000D v rataldl MR al10.0 QL INN12



Page 9 of 9

Visit our Resources area at The Private Well Class for a list of resources used to develop this content and
materials for further reading.
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