





Chapter 9: Water Quality Testing

ecause no federal, state, or local entity

ensures the safety of private well water,

the responsibility for monitoring it falls to
the well owner. Compared to people who con-
sume public drinking water, private well owners
are more likely to be exposed to unsafe drinking
water.

You will need to find out the quality of the water
in your aquifer. Some information about the
aquifer water may be readily available from public
utilities and water companies. They are required
by federal and state law to report water chemistry
to consumers. Contact the water utility for a copy
of the water quality report for information about
local water quality issues.

However, water quality information on exempt
household wells is not recorded or made available
through any public agency unless the well owner
has given permission.

Have your water tested whenever:
* You suspect it may be contaminated.

* You notice a change in color, taste, or odor of
the water.

e 'The pump or well has undergone maintenance
recently.

TasLe 3. Recommended testing schedule for well water

* DPeople who drink the water have experienced a
change in health, especially stomach-related ill-
nesses.

If the well water is cloudy or smelly, or tastes
bad, it probably does not conform to drinking
water quality standards.

Water Quality
Testing Schedule

Because it can cost $4,000 or more to analyze
water for all EPA-recommended tests, first have it
checked only for the contaminants that are most
likely to be in your well water. Table 3 provides a
list of recommended tests and frequency of test-

ng.

Initial tests should be conducted when a new
well is installed. Some lending institutions may
require the well water to be tested before autho-
rizing a loan; however, the tests may be limited
to bacteria and would not determine whether a
water treatment system should be installed.

Appendix C lists symptoms related to poor water
quality, tests, and possible causes.

Frequency Action

uranium.

Initial’ For baseline water quality testing, analyze for arsenic, chloride, fluoride, hardness, iron, manganese,
nitrate, pH, radionuclides, sodium, sulfate, total coliform bacteria, total dissolved solids (TDS), and

In aquifers with elevated TDS, consider adding boron and selenium to the baseline testing.

Turbidity (cloudiness, particulates)
Color, odor, and taste?

Annually Test for total coliform bacteria and nitrate. Although TDS is not expected to change in an aquifer,
monitoring TDS annually for any trends could provide helpful information.
Monthly Look for and note changes in:

Health changes (recurring gastrointestinal problems in children and/or guests)

! Annual testing may not be needed for these chemicals because they usually occur naturally and their concentrations do not change over time.
2 Consider repeating one or more of the initial tests after reviewing Appendix C to identify possible sources of these problems.
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Chapter 9: Water Quality Testing

If oil or gas exploration and development are
occurring in your area, consider having your
well water tested. In these situations, measure
the baseline chemistry of the water to establish
its current quality, so that any changes can be
detected and verified.

The aquifer may already contain contaminants

that occur naturally in normal geologic processes.

Also, small amounts of petroleum constituents
and natural gas may have seeped up toward the
surface from reservoirs deep underground. Trace
concentrations of these contaminants may be
present naturally before any hydraulic fracturing
operation is conducted.

In addition to annual testing for coliform bac-
teria, nitrate, and total dissolved solids, have the
water screened for non-refined hydrocarbons
also to establish whether it contains constituents
related to oil and gas development.

Consider testing water wells that are near natural
gas or oil development wells for the constituents
in Table 4. By stipulating the recommended test-
ing method, you will be assured that the labora-
tory uses the appropriate standard method.

All groundwater typically contains some solids
that occur naturally. TDS is most often corre-
lated with the dissolved salts of sodium, potas-
sium, calcium, and magnesium.

The TDS of groundwater usually ranges from
150 to 400 mg/L, but it is considerably higher in

TasLe 4. Recommended baseline testing for domestic
wells in areas of oil and gas exploration and develop-
ment

Constituent Laboratory Estimated

method cost

Dissolved methane RSK-175 or 176 $75.00

Total dissolved solids SM 2540C $20.00

(TDS)

Total petroleum TX-1005 or 1006 $60.00

hydrocarbons (TPH)

water from some Texas aquifers. If the baseline
value for total dissolved solids exceeds the EPA
secondary drinking water standard of 500 mg/L,
test the well water again to pinpoint the specific
dissolved minerals.

For example, bromide is common to brackish
water and brines that may be associated with
ocean water or with oil exploration. Any change
in TDS from baseline is of concern because it
suggests groundwater contamination that may—
or may not—be caused by oil or gas develop-
ment.

Although dissolved methane and hydrocarbons
are not expected to be in groundwater, they may
be present naturally if the aquifer is near an

oil- and gas-producing zone. Methane may be
associated with coal beds. If these constituents
are found in the baseline test, consult a water
treatment professional and order further testing
as recommended.

After hydraulic fracturing or any oil/gas devel-
opment activity, retest the water to compare it
against the baseline. If the water quality has
changed significantly since the baseline test, have
a water treatment professional investigate further.
Any change in water color, odor, or taste also
calls for additional water quality tests.

The EPA fields questions about drinking water
quality on weekdays from 7:30 a.m. to 3:30 p.m.
Central Time. Call the Drinking Water Hotline
at 800.426.4791.

To find a laboratory, contact your county health
department or select from a list of laboratories
certified by the National Environmental Labora-
tory Accreditation Conference Institute at lams.
nelac-institute.org/.

To find a water treatment professional, ask
a local licensed well driller, pump installer, or
plumber, or search TCEQ-licensed water treat-
ment specialists through the Group Search Cri-
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Chapter 9: Water Quality Testing

teria at www2.tceq.texas.gov/lic_dpa/index.cfm.
Water quality questions may also be directed to
the local groundwater conservation district (see

Chapter 6).

How to Sample
a Drinking Water Well

When a new well is installed, a water sample
should be tested for the presence of bacteria.
Collect samples at the wellhead before connect-
ing the new well to household plumbing. Most
drillers install a tap or spigot near the wellhead to
facilitate sampling.

For an existing well, test the water from the faucet
where drinking water is obtained. This sample
will represent the quality of the drinking water
after the water has passed
through the existing storage,
treatment, and plumbing

DID YOU KNOW?

Earth is unique in
the solar system
in that water has
coexisted at its
surface in three
phases—solid,
liquid, and gas—
for billions of years,
which allowed
the development
and continuous
evolution of life.

systems. If the water is safe
for drinking, repeat the tests
annually.

If the test indicates a water
quality problem, purge the
well and plumbing system.
Run water from the sample
collection spigot until all
standing water has been
flushed and water is coming
directly from the aquifer. For a typical domestic
well, purging can be achieved by first washing
one or two loads of laundry and/or watering the
garden, and then letting the faucet run for at least
10 minutes before taking the sample.

After purging, collect a sample at the wellhead
or at a point before the water enters any existing
treatment system, and have it tested. Compare
the results of the initial faucet analysis to those

for the wellhead sample. The water quality issue
may be the result of the failure of the treatment
system, or additional treatment equipment may
be necessary.

Discuss the test results with a water treatment
professional to determine the appropriate action.
If bacteria are in the well water, treat the well
directly with shock chlorination and treat the
water within the household using a method from

Chapter 10.

Although well owners can collect samples, the
analysis should be conducted by a drinking water
laboratory certified by the National Environ-
mental Laboratory Accreditation Program. The
lab will provide sample collection bottles and
instructions on how to collect, manage, and
ship the samples to the lab for analysis. Follow
these instructions exactly.

For example, tests for dissolved methane require
that the collection bottle be filled to the top
with no air bubble. If an air bubble is left, the
dissolved methane could degas from the water
during shipment and collect in the air bubble,
invalidating the sample analysis.

Interpreting
Water Test Results

Certified drinking water laboratories report the
test results and compare them to the maximum
contamination levels. The measurement units will
be either in ml/L (parts per million, ppm) or in
pl/L (parts per billion, ppb). Radionuclides are
reported in pCi/L (picocuries per liter) or mil-
lirems per year.

Compare the results to the MCL standards
(Appendix B). Any water quality constituent that
exceeds the MCL is a human health concern;
have the water treated.
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Ficure 50. Home water-testing kits typically rely on a color
change on a test strip to determine the concentration of a
contaminant.

Doing Your Own Testing:
Water Testing Kits

Many types of disposable water testing kits are
available. Use one that relies on color changes in
either a paper strip or a liquid solution; these kits
provide color scales to indicate the estimated level
of a contaminant based on the color intensity

(Fig. 50).

The kits provide complete instructions and easy-
to-follow steps. If you do not follow the directions
exactly, the results will probably be incorrect.

Other kits may provide only a negative or positive
result, which will be of limited use if the MCL is
more than zero.

Compared to many EPA-approved methods used
in certified laboratories, testing kits have several
limitations:

They may detect only the contaminants that
exceed drinking water standards.

The contaminant detection range is limited.

The procedure or shortcuts used may not be an

approved method.

The results are often inaccurate.

A4

The results may be influenced by the presence of
other water constituents, such as dissolved iron.
Dissolved iron often leads to a “false positive”
test result on many kits, which indicates that a
contaminant is in the water, but it is not really
present.

On the other hand, these kits can serve you well
when:

e 'The kit is from reputable company and has been

certified or approved by the EPA.

It is used for routine verification of water qual-
ity in conjunction with less frequent analysis
conducted by a certified laboratory.

You need it for peace of mind and to save money
and time.

You want to routinely monitor a well and to
notify the well owner when more accurate test-
ing may be required.

Home testing water analysis kits cost from a few
to thousands of dollars, depending on the number
of tests, test methods, and the degree of precision
and accuracy. Make sure that the procedure is not
more complex than you can follow.

Water testing kits are available from indepen-
dent companies such as EMD Millipore, Hach,
Lamotte, and Waterworks, and from resellers
such as Ben Meadows (no endorsements implied).

(e Py

FiGure 51. Testing a water well for rice farming near El
Campo, Texas (circa 1910).
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Notes
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Chapter 10: Water Treatment Options

Ithough well owners have many options

for water treatment systems, choosing

one can be difficult. Depending on the
amount of water and its degree of contamina-
tion, you may need to get professional assistance
in selecting and installing well water treatment
systems. The selection can be hindered by incom-
plete or misleading information about costs,
treatment options, and water quality.

Experts and regulatory agencies have identi-

fied five methods to reduce water contaminants
efficiently: disinfection, distillation, filtration, ion
exchange, and reverse osmosis.

Water treatment systems are categorized accord-
ing to where they are installed and how much
water they can treat:

* A point-of use-system is installed at the kitchen
faucet or the location where drinking water is
most often obtained.

* A whole-house system treats water as it enters a
home plumbing system.

If you are using more than one treatment system,
install the one that removes the larger particles
such as sand and grit ahead in sequence of the
one that treats the smaller constituents such as
salts and viruses (Fig. 52).

Filter application guide

Dissolved organics

constituents

Micron 0.0001 0.|001 0.01 0.1 1.0 1|o
Metal ions . Giardia
Size range ] Viruses Bacteria
of water Aqueous salts Colloids

Pollens

Cryptosporidium
]

1

Particle and Microfiltration

Particle filtration is a process that removes small
amounts of suspended particles—ranging in size
from sand to clay—from well water. Filters made
of sand or fiber are common (Fig. 52). Filters are
made to remove specific particle sizes.

To keep the
filter from becom-
ing clogged or

overgrown with

bacteria, back- Sggce iy
P28 S

flush or replace the SIS SR
y SIS

media as often as

(A YODY

the manufacturer

recommends. Fil-

] Ficure 53. A simple filtration
tration can be used

system.
alone or prior to

other water treatment devices installed in sequence.

Home filters are not intended to filter large
amounts of water; however, larger filtration
systems—usually whole-house systems or those
located near a wellhead—can remove sediments
and particulates.

Microfiltration may be used to remove some
bacteria and large pathogens such Giardia and
Cryptosporidium. Filters can be made to react
with contaminants. Examples are
iron-based media that filter water
and absorb arsenic, and activated
carbon filters that capture organic
chemicals.

| |
00 1,000

Some contaminants cannot be
filtered from well water. For
water with high concentrations of

Beach sand

Filter Microfiltration
process |
Ultrafiltration
|

Reverse osmosis

e

Particle filtration

bacteria and viruses, use chemical
disinfection or distillation. Other
contaminants can be removed
only with reactive media, which
are resins or other materials that

FiGure 52. A filtration guide showing the appropriate filter processes
according to the particulate size of the water contaminant. (Modified from
U.S. Bureau of Reclamation, Water Quality Improvement Center).

v

chemically react with the water as
it passes through the filter.
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Chapter 10: Water Treatment Options

Ficure 54. An activated carbon point-of-use treatment
installed on a faucet; the carbon media is shown in the
photo insert.

Activated Carbon Filter

Activated carbon filtration, a form of ultrafiltra-
tion with a reactive media, is often used as a point
of use treatment (Fig. 54) Activated carbon con-
sists of particles of coal or charcoal that react with
chemicals passing over its surface.

The carbon material is processed to increase its
porosity; after processing, just 10 grams of activated
carbon has a surface area equal to a football field.

Activated carbon filters can remove low concen-
trations of organic chemicals, such as pesticides
and solvents,

These filters do not reduce inorganic ions such
as calcium, chloride, fluoride, nitrate, or sodium.
They also will not disinfect or soften (remove
hardness) the water.

Although whole-house activated carbon filters
can treat large amounts of water, they usually
must be installed and maintained by profession-
als. If the well water is cloudy, install a particle
filter in sequence before the activated carbon filter
to remove particles that could plug or reduce the
efficiency of the activated carbon filter.

If you do not replace the carbon regularly, micro-
bial growth can clog the media and affect the
water quality. Always follow the manufacturer’s
instructions and replace the carbon regularly.

Reverse Osmosis

Reverse osmosis (RO) is becoming a common
home treatment method for reducing arsenic and
total dissolved solids in drinking water (Fig. 55).
Best known for its use in water desalinization
projects, this method can also reduce chemical
contaminants associated with unwanted color and
taste. It may reduce up to 80 percent of pollutants
such as arsenic and uranium, and many types of
organic chemicals.

from drinking
water as well as
improve its taste
and odor. Many
chemicals and
some dissolved

Reverse osmosis (RQ)
water filtration system

metals will bind
to the surface of
carbon. Acti-
vated carbon Treat
may also reduce
copper, lead,

mercury, and

Brine

Channel spacer
Outer wrap

Perforated central tube

radon gas.

Ficure 55. A home reverse-osmosis system.

v

Texas Well Owner Network: Well Owner’s Guide to Water Supply
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Reverse osmosis does not remove dissolved gases
such as radon, some pesticides, and volatile
organic chemicals such as degreasers and sol-
vents. Check with the manufacturer to determine
which contaminants that a specific unit targets
and what percentage of the contaminant that it
removes.

One drawback of RO treatment is the large
amount of brine (salty water) it produces.
Depending on the initial concentration of the
source water, more than 60 percent of the total
amount of water entering the treatment system
is discarded as waste. This wastewater brine may
overwhelm a septic system and alter the soils in
the leach field. The salts may seep underground

and possibly enter the groundwater.

Reverse osmosis is not recommended for patho-
gens or sediments (particles). For RO to work

best, the water should first be pretreated by par-
ticle filtration, activated carbon filtration, chlori-
nation, pH adjustment, or even water softening.

As with all filter systems, the filter must be
changed according to the manufacturer’s recom-
mended schedule, or microbial growth will clog
the system and impair water quality.

Distillation

Distillation removes inorganic contaminants such
as minerals and dissolved metals from water. It
kills or removes microorganisms, including most
pathogens. Although distillation can also remove
organic matter, its effectiveness depends on the
chemical characteristics of the contaminant.

Beware: Volatile organic chemicals (VOCs) such
as benzene and solvents should be removed before
the distillation process; otherwise, they may
vaporize along with the water and re-contaminate
the water.

Some distillation units may initially purge some
steam and volatile chemicals. Vent these units

properly to prevent indoor air contamination.
Some home distillation units use activated carbon
filters to remove VOCs during distillation.

Because distilled water has no minerals, it tastes
flat or slightly sweet to some people.

lIon Exchange:

Water Softening

Ion exchange units are reactive media filters that
replace calcium and magnesium ions in water.
These units are also known as water softeners

(Fig. 506).

Well water supply ’ ‘ “4— Water to house (soft)
(hard)——— 02
- = "g K‘ Timer and valve assembly
Brink
tank
/> %

Drain
Salt

Outlet

manifold

lon exchange

resin beads Flodat
an
valve
assembly

Ficure 56. A water softener.

Hard water becomes “soft” after the calcium

is replaced with either sodium or potassium

salt. Water softeners may also remove varying
amounts of other inorganic pollutants such as
dissolved metals. However, they do not remove
particles, pathogens, organic chemicals, or radon
gas. They work best if the water is particulate free

(fltered).

Do not use soft water, especially if it has high
sodium levels, to water houseplants, garden veg-
etables, or yard plants that do not tolerate salinity

Texas Well Owner Network: Well Owner’s Guide to Water Supply
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Chapter 10: Water Treatment Options

well. Soft water may not be suitable for drinking
because it tastes salty and contains higher levels
of sodium. To counter this problem, newer water-
softening units exchange calcium with potassium.

Replacing hardness with salinity will extend the
life of household appliances and hot water heat-
ers, but the increased salinity may damage the
soils in a septic leach field.

Disinfection

To make water safe to drink, pathogens must be
either filtered out of the water or killed (inacti-
vated). Except for distillation, the filtration meth-
ods discussed above are not suitable for continu-
ous removal of bacteria.

As a rule, water is disinfected by chemicals such
as chlorine or ultraviolet (UV) radiation. Disin-
fection does not remove inorganic contaminants
from water, but it may react with them and form
by-products that may be of concern, such as
chloroform.

A UV radiation unit consists of a clear glass tube
surrounded by UV lights. The radiation inac-
tivates the bacteria and pathogens as the water
passes through the tube. If the water is cloudy,
the unit will not work efficiently; for this reason,
a UV treatment system should be installed after
the particulates have been filtered from the water.

Continuous Chlorination

of Domestic Wells

Chlorine kills pathogens when it has enough con-
tact time, which is the amount of time that the
water is mixed with chlorine. City water systems
add extra chlorine to drinking water to ensure
adequate contact time while the water is flowing
through the pipes. This additional chemical is

what makes treated water smell of chlorine.

Private domestic water can be chlorinated by
chlorine pumps, solid feed units, and batch dis-
infectors. Chlorination treatment systems should
be installed by a professional to ensure that they
have been designed properly. The chlorine-injec-
tion device should operate only while the water is
being pumped, and the pump should switch off
if the chlorinator fails or if the chlorine supply is
depleted.

Note: The chlorination process forms disinfec-
tion by-products, such as chloroform, by mix-

ing chlorine with other constituents in the well
water. Some of these chemicals are health hazards
(Appendix B). For this reason, many municipal
drinking water providers are switching from chlo-
rination to other disinfection treatment systems.

Well owners chlorinating their water should have
it tested for excessive levels of disinfection by-
products in the treated water.

Boiling

Boiling water vigorously for 2 minutes kills all
organisms in water; chlorination only reduces
them to safe levels. But because boiling also
concentrates minerals and salts, it should be used
only as an emergency measure. Also, the boiled
water must be protected from re-contamination
as it cools.

Emergency Disinfection

Only under emergency situations should house-
hold chemicals such as bleach or iodine be used
to disinfect water without the appropriate equip-
ment or technical supervision. The EPA explains
how to use these chemicals safely at water.epa.
gov/drink/emerprep/emergencydisinfection.cfm
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Chapter 11: Protecting Your Well Water Quality

ell water can be contaminated by e Check your plumbing, water storage, and treat-
other than natural sources (Fig. 57), ment systems every month. If you see any algae,
most commonly: slime, or discolored filtering media, it could

indicate that the system is contaminated with
bioslime. It will need to be scrubbed and then
rinsed with chlorine bleach, and the filtering
media will need to be replaced.

* When the well is being installed or maintained

At the wellhead, where surface water can seep
into the well

. e e If you suspect any well casing or pump failure,
From septic system leach fields or septic failure have a licensed well driller or pump installer

e By other land use activities near the well inspect the system. Older wells, especially those
made of black iron or steel, can corrode and

break.
Well Installation

e Test the water for bacteria after any well main-

and M a 1 ntenance tenance. Bacteria can be introduced when the

pump or drop pipe is laid on the ground during
Although licensed well drillers and pump install- maintenance. The bacteria can then grow into
ers are trained to prevent contaminants from mats of bioslime inside the well.

entering a well, bacteria sometimes still enter . )
5 ’ ¢ [f bacteria are found, have the well shock-chlori-

during well construction or routine maintenance.
8 nated and its interior physically scrubbed. Shock

Follow these steps to prevent or reduce bacteria in

the water: chlorination, well cleaning, and well and pump

Homestead with
septic system

Fuel

storage Barn

Maintenance

shed
7 L 2 Well head
Hum t . =
uman waste -y s Animal waste g ‘
Nitrates, pathogens, salts ~_Nitrates, pathogens, salts‘ Solvents

s = Saits ©VWN

Ficure 57. The sources of drinking water contaminants are often near the wellhead and may include septic leach fields, and/
or land use activities.
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Chapter 11: Protecting Your Well Water Quality

maintenance are best conducted by a profes-
sional well driller or pump installer.

* If you notice an oily sheen or odor, have the
water tested for total petroleum hydrocarbons
(TPH). Pump maintenance may introduce oils
and grease into the well that can foul the well
water or provide a source of nutrition for natu-
rally occurring soil bacteria.

e If there is any evidence of flooding, have the
well water tested for bacteria.

e Make sure that all faucets with hose connections
are equipped with anti-backflow devices such as
check valves.

Wellhead Protection

Because each well provides a direct route to the
aquifer, you will need to take special precautions
to protect the wellhead (Fig. 58). Once ground-
water is contaminated, it is very difficult to
restore, and most remediation options are costly.

. Min.12 in. above
Min. ground surface

Min.  2ft
4in.  from Surface slopes
\ casing to drain away
: from well Original

ground surface
==

; Miri.ift’ce_ment'- 3

} ?h'ifn.10ﬁ,érihgllla'roe_rﬁént : e R RS
ey T ey | Min. 8 ftbentonite -

/.

* Bére hole min. 3 in.
*larger than casing

Ficure 58. Well construction standards are administered
by the Texas Department of Licensing and Registration to
protect the aquifer and well from surface water ponding
around the well head.

Ficure 59. The slab around this well is not sufficient to
prevent surface contaminants from entering the aquifer.
(Source: Plugging Abandoned Water Wells, Bruce Lesikar
and Justin Mechell, 2010.)

If your well was installed by a licensed well driller
after 1983, it complies with Texas regulations on
wellhead construction. As discussed in Chapter
5, the well protective casing should be at least 1
foot above the ground and be surrounded by a
4-inch-thick concrete pad for at least 2 feet in all
horizontal directions.

This configuration protects the well from flood-
ing or ponded water; it reduces the potential
for contaminants to seep down into the aquifer

around the well casing (Fig. 59).

Chemicals pose serious threats to groundwater
quality, and some can cause serious illness or
death if consumed. Chemicals that do not read-
ily mix with water are called non-aqueous phase

liquids, or NAPLs.
NAPLs may be light or dense:

* Light NAPLs (LNAPLs) will float on the water
table, like oil floats over vinegar in some salad
dressings. Examples of LNAPLs are petroleum-
based fuels such as gasoline and diesel. These
fuels will pool on the water table and release
chemicals such as benzene into the groundwater.

e Dense NAPLs (DNAPLs) are heavier than
water. Typical DNAPLSs are degreasers and

solvents. They are extremely difficult to remedi-
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ate and can contaminate the water permanently. e If backflow-prevention devices are not installed =n

Several cancers and childhood leukemia have on hoses, reduce the potential for backflow e §

been linked to parts per billion levels of chemi- when mixing chemicals. First fill a “nurse” tank § g

cal degreasers and solvents in groundwater. (mobile storage tank) with well water; then use g

that water to fill the chemical sprayer away from 59

Follow these steps to protect the wellhead from the wellhead. Za

chemical contamination: =

* If the wellhead is in a storage shed or well house, s

* Do not store or use chemicals near the wellhead. do not store contaminants such as fuels or pesti- =
cides in it.

* Do not mix pesticides, rinse tanks, or store gaso-

line within 150 fect of a well. * Do not winterize the well by wrapping pipes and
pressure tanks with empty fertil-

izer or pesticide bags or other

« Pesticide or fertilizer storage tank materlals Contalnlng POtenUal

(less than 1,500 gallons, contaminants
| — nonpotable walls only) .
Fertilizepegtioide . Cistern
+ Nonpotable well Following these additional guide-

lines will help prevent other types
of contamination at the wellhead

sepretend * Inspect the wellhead every
(=5 month, and address any break-
0 age, soil disturbance by burrow-

ing animals, or flooding of the

wellhead. The well owner can
+ Animal shelter or yard

- Feed storage fadilty, glass repair and maintain the well-

N lined _ head pad; a licensed contractor
h « Manure hopper or reception . .
tank, liquid-tight should repair casing breakage.
« Filter strip
I . Silo without pit, but with _
concrete floor and drain * Locate pet holding areas at least
« Soil absorption unit (less than
8,000 gallons/day) 150 feet away and downslope
of the wellhead. Pet waste from
x « Gasoline and other liquid petroleum products dog runs and Yafds c¢an con-
- + Underground H
« Surface (more than 1,500 gallons) faminate groundwater
« Fuel oil tanks
+ Underground ° : : :
+ Surface (more than 1,500 gallons) Bulld llVCStOCk hOldlng areas
» Manure storage structure, fabricated, liquid-tight at Ieast 150 feet away and

250 ft

« Pesticide or fertilizer storage tank (more than 1,500 gallons)

downslope of the wellhead, and

direct stormwater runoff away

. from the wellhead. Runoff from

< . i waste disposal system livestock holding pens and pas-
- Manure storage structure, earthen or excavated tures can contaminate ground—

water with bacteria, nitrates, and

Ficure 60. Recommended setback distances to reduce the risk of well water veterinary drugs.
contamination by land use activities.
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* Locate manure stacks and liquid waste Different types of onsite wastewater treatment
lagoons more than 250 feet from the well- systems require different maintenance proce-
head. dures. However, all systems need maintenance.

They will malfunction if not maintained.
* Cover and protect compost stacks and wet

manure to prevent waste from running off Follow these guidelines to keep your system
and entering the soil. operating properly and to avoid contaminating
the groundwater:

Household Wastewate r * Locate the septic tank at least 50 feet from the
. wellhead; the drain field should be at least 100
Management and OnSIte feet from the wellhead.
Septic Systems * Do not use in-sink garbage disposals exces-
sively.

Septic systems must be maintained regularly

to avoid polluting the environment and caus-
ing health problems for people. To operate and
maintain an onsite septic system effectively, first
understand how it works and what affects it.

* Divert runoff coming from driveways and roof-
tops away from the soil treatment area.

* Do not dump grease or medications down the
drain or into a toilet. Do not use the toilet as a

The most common onsite wastewater treatment trash can.

system is a conventional septic system (Fig. 61).
This type of system consists of a septic tank and a
soil absorption or drain field.

* If you are undergoing chemotherapy, ask your
doctor about appropriate waste disposal meth-
ods to avoid discharging toxic drugs into the

The system treats wastewater in the tank and in environment.

the drain field:

* Do not use chemicals to clean the septic

1. Wastewater flows through pipes from the house system. They can interfere with the biologi-

to the septic tank, which is a watertight con-
tainer where solids are separated from liquid
wastes.

. In the tank, microorganisms (also called
microbes) begin consuming the solids, nutrients,
and organic matter in the wastewater.

. The wastewater then moves through perforated
pipes to a bed of gravel or similar material.

. From the gravel bed, the wastewater moves into
the soil, where microbes consume more of the
contaminants.

. The water then moves through the soil and
evaporates, is used by plants, or moves to
groundwater.

cal action in the tank, add toxic chemicals to
groundwater, and clog the drain field by flush-
ing sludge and scum into the field.

* Have the septic tank cleaned every 2 to 3 years.

* Do not add chemical additives such as enzymes
or conditioners to the septic tank.

* Do not cover the drain field with an impervi-
ous surface such as a driveway or parking area.

* Do not drive heavy equipment over the compo-
nents of a wastewater treatment system.

* Because septic systems do not remove nitrogen
compounds efficiently, have the well water
tested for nitrate every year. One of the most

v
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- .
Geotextile fabric

Two-compartment
septic tank

Ficure 61. A septic tank and soil absorption field system.

common contaminants found in domestic
drinking water wells is nitrate.

Conserve water in the home to reduce the
amount of water that the wastewater treatment
system must process. Excessive amounts of water
can overload the system and cause it to fail.

Other problems to watch for include:

* Roots from trees and other vegetation may clog

and damage the system.

Some drinking water treatment systems, such as
reverse osmosis systems, can discharge up to 60
percent of the amount of water pumped.

Spent brine discharge from reverse osmosis and
water softeners will increase the concentrations
of salt in the soil, which could change the soil
structure in the leach field and cause the system
to fail.

For more information, see the Onsite Wastewater
Treatment Systems: Operation and Maintenance
publication by Texas A&M AgriLife Extension at
agrilifebookstore.org,.

Sand/loam soil _

Perfdratéd‘ pipe

for effluent disposal

v

Soil absorption field

Plugging Abandoned Wells

Under Texas law, the landowners are responsible
for plugging abandoned wells on their property
and are liable for any groundwater contamination
or injury that results from the wells.

Like other wells, an abandoned well (Fig. 62)

is a direct channel from the ground surface to
the aquifer below. Contaminants that enter the
well move directly into the aquifer. If a concen-
trated chemical enters a well, it may move into
the aquifer and threaten human health and the
environment. It also puts other wells in the same
aquifer at risk for contamination, particularly
those on the same property or those close to the
abandoned well.

Before you begin the process of plugging an
abandoned well, notify the local groundwater
conservation district. Some districts place restric-
tions on the type of well and depth of water in
the well that a landowner may decommission. In
some cases, you will need to hire a licensed water
well driller or pump installer to seal and plug the
abandoned well.
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Chapter 11: Protecting Your Well Water Quality

FiGure 62. Improperly unplugged, abandoned wells can be
a source of groundwater contamination.

You are required to notify the Water Well Drill-
ers Program of the Texas Department of Licens-
ing and Regulation of your intent to plug the well
and the method to be used. Also, send a copy of
the state well-plugging form to the local ground-
water conservation district.

For instructions on how to plug a well properly, see

* Plugging Abandoned Water Wells, by the Texas
A&M AgrilLife Extension Service at agrilife
bookstore.org or at abandonedwell.tamu.edu

» Landowner’s Guide to Plugging Abandoned Water
Wells, by the Texas Groundwater Protection
Committee, at www.tceq.texas.gov/publications/

rg/rg-347.html

e The Texas Groundwater Protection Committee
website at www.tgpc.state.tx.us/water-wells.

Shock Chlorination
of Water Wells

When a water system is contaminated with
bacteria, the well can be disinfected by shock
chlorination. This process introduces very high
concentrations of chlorine directly into the well

and plumbing system. Chlorine is highly toxic to
bacteria.

To reduce your risk of exposure to hazardous
chemicals and protect the system components,
have a licensed water well driller or pump
installer conduct the procedure.

If you want to shock-chlorinate the well your-
self, follow the instructions in the Texas A&M
AgriLife Extension Service publication, Shock
Chlorination of Wells, at agrilifebookstore.org.
Also review the owner’s manual or manufac-
turer’s literature to avoid damaging the water
treatment system components. Take precautions
to reduce your exposure to fumes.

Schedule shock chlorination for when the water
system will not be in use for at least 12 to 24
hours. Calculate the amount of chlorine needed
according to the amount of water standing in the
well. You’ll need access to the well to measure its
depth and volume of water. If clear access is not
possible, hire a licensed professional.

In addition to the well, most water treatment
equipment—including water heaters, softeners,
and pressure tanks—should be disinfected. Dur-
ing the process, temporarily disconnect or bypass
drinking water filters such as activated carbon
filters.

During and immediately after the disinfection
process, the water from the system will be unsuit-
able for consumption. You will need to flush the
water system until all traces of chlorine are gone
and the well water has been tested. Do not allow
the water to be used for drinking until test results
confirm that the water is safe.

In some cases, multiple shock chlorination proce-
dures are not enough to resolve the problem. In
those situations, a licensed well driller or pump
installer will need to remove the pump and plumb-
ing from the well and swab the interior with
brushes and chemicals made for this purpose.
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When you introduce chlorine, some of the
chemical may enter the aquifer through the well
screen. When the geologic material of the
aquifer is exposed to chlorine, other constitu-
ents such as arsenic may dissolve and enter the
water supply.

Hydraulic fracturing

Another concern for some well owners is hydraulic
fracturing (fracking), a procedure in which a large
amount of water is sent under pressure into a bore-
hole to fracture the rock underground. The process
is used to increase yields from aquifers, oil and gas
reservoirs, and salt solution mining operations. In
the water well industry, hydraulic fracturing can

double a well’s yield.

Hydraulic fracturing is not a new technology:
Companies have used hydraulic fracturing proce-
dures for decades. However, new technology has
made it more prevalent.

Points of concern for water well owners include
the gases that can be released after hydraulic frac-
turing, the large amount of water it requires, and
the wastewater generated in the process.

Gases: Groundwater is not expected to contain
dissolved methane or hydrocarbons. However,
they may be present naturally if the aquifer is
located near an oil- or gas-producing zone.

Hydraulic fracturing may release these constitu-
ents into the environment. Coal beds may release
methane. If you suspect that you well water
contains these constituents, have it tested as dis-

cussed in Chapter 9.

Water use: Several million gallons of water are
needed for each hydraulic fracturing process,
and a well can be fracked multiple times over the
length of the borehole. Some well owners have

A4

expressed concern that pumping water from a
water-supply aquifer or a surface-water source will
affect private wells as well as reduce the amount
available for other uses.

Wastewater: The wastewater from hydraulic
fracturing oil and gas wells often contains high
concentrations of total dissolved solids. This
water will also contain the original fracking solu-
tion and some of the hydrocarbon constituents
released from the oil or gas reservoir.

This wastewater must be disposed of properly.
Contact these agencies if you suspect water con-
tamination caused by wastewater discharge:

* The Texas Railroad Commission (www.rrc.state.
tx.us) regulates wastewater management from oil
and gas development.

e The Texas Commission on Environmental
Quality (www.tceq.state.tx.us) regulates waste-
water treatment facilities.
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Appendix A: Agencies and Organizations: Where to Find Help

Appendix A

Agencies and Organizations: Where to Find Help

TasLe 5. Information available on water wells and groundwater

Aquifers in Texas, maps

Texas Water Development Board (TWDB), www.twdb.texas.gov

Emergency water disinfection

U.S. Environmental Protection Agency (EPA), water.epa.gov/drink/emerprep/
emergencydisinfection.cfm

Enforcement of well construction
regulations

Texas Department of Licensing and Regulation, www.tdIr.texas.gov

Environmental information, local

MyEnvironment, EPA, www.epa.gov/myenvironment/howUsePage.html/

Groundwater information for students

Ground Water Adventurers, National Ground Water Association,
www.groundwateradventurers.org

Groundwater information, world: science,
development, economics, management,
and protection

National Ground Water Association, a nonprofit group of U.S. and
international groundwater professionals, including contractors, engineers,
equipment manufacturers, scientists, and suppliers. Provides information
to members, governmental agencies, and the public,

www.ngwa.org/

Groundwater management areas

TWDB, http://www.twdb.texas.gov/groundwater/management_areas/

Groundwater conservation districts

Texas Alliance for Groundwater Districts, www.texasgroundwater.org/

Hydrologic sciences basic course

Cooperative Program for Operational Meteorology, Education and Training,
comet.ucar.edu/. Key terminology, hydrologic processes, case studies, and
some modules in Spanish.

Laboratories that test drinking water,
listing

County health department

National Environmental Laboratory Accreditation Conference Institute,
http://www.nelac-institute.org/

Laws pertaining to water in Texas

Texas Water Code §35.001,
www.statutes.legis.state.tx.us/docs/wa/htm/wa.35.htm

Licensing and registration of well drillers
and pump installers

Texas Department of Licensing and Regulation, www.tdIr.texas.gov

Oil and gas development, wastewater
management

Texas Railroad Commission, www.rrc.state.tx.us

Primary drinking water contaminants

EPA, water.epa.gov/drink/contaminants/index.cfm

Pump installers and well drillers, listing

Texas Department of Licensing and Regulation, www.tdIr.texas.gov

Quality of drinking water, public

Safe Drinking Water Act, water.epa.gov/lawsregs/rulesregs/sdwa/

Quality of groundwater, effects of
wastewater treatment facilities and other
sites

Texas Commission on Environmental Quality (TCEQ), www.tceq.texas.gov

v
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Quality of groundwater, local

Local Ground Water Conservation District,
www.twdb.state.tx.us/groundwater/conservation_districts/

Quality of well water, professionals

Local licensed plumbers, pump installers, and well drillers

Texas Department of Licensing and Regulation,
www.tdlr.texas.gov

Texas Groundwater Protection Program,
www.tceq.texas.gov/groundwater/prot_prog.html|

Superfund toxic waste locations

EPA, www.epa.gov/superfund/

Water level recorder wells

waterdatafortexas.org/groundwater

Water treatment systems, standards and
certification

American National Standards Institute, www.ansi.org

National Sanitation Foundation, www.nsf.org/certified/dwtu

Water well information, general

Texas Groundwater Protection Committee provides information important
to well owners and coordinates among agencies involved in groundwater
activities, www.tgpc.state.tx.us/

National Ground Water Association, www.wellowner.org

Water well information, Texas

Texas Water Development Board Groundwater Database, information on
130,000 wells, including well design yield and pump capacity,
http://wiid.twdb.texas.gov/ims/wwm_drl/viewer.htm

Water Well Report, TCEQ, www.tceq.texas.gov/goto/WaterWellReportViewer
TCEQ Records Services Department, 512.239.0900

Well drillers and pump installers, listing

Texas Department of Licensing and Regulation, www.tdIr.texas.gov

v
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Appendix B: National Primary Drinking Water Standards

Appendix B
National Primary Drinking Water Standards

MCLorTT' | Potential health effects from Common sources of contaminant Public
Contaminant (mg/L)? exposure above the MCL in drinking water health goal
Acrylamide T8 Nervous system or blood Added to water during sewage/ 0
problems; increased risk of cancer | wastewater treatment
Alachlor 0.002 Eye, liver, kidney, or spleen Runoff from herbicide used on 0
problems; anemia; increased risk row crops
of cancer
Alpha particles 15 Increased risk of cancer Erosion of natural deposits 0
picocuries of certain minerals that are
per liter radioactive and may emit a form
(pCi/L) of radiation known as alpha
radiation
Antimony 0.006 Increase in blood cholesterol; Discharge from petroleum 0.006
decrease in blood sugar refineries; fire retardants; ceramics;
electronics; solder
Arsenic 0.010 as of | Skin damage, problems with Erosion of natural deposits; runoff 0
1/23/06 circulatory system, and may have | from orchards, runoff from glass
increased risk of cancer and electronics production wastes
Asbestos (fibers >10 7 million Increased risk of developing Decay of asbestos cement in water 7 MFL
micrometers) fibers per | benign intestinal polyps mains; erosion of natural deposits
liter (MFL)
m
x Atrazine 0.003 Cardiovascular system or Runoff from herbicide used on 0.003
g reproductive problems row crops
= Barium 2 Increase in blood pressure Discharge of drilling wastes; 2
< discharge from metal refineries;
erosion of natural deposits
Benzene 0.005 Anemia; decrease in blood Discharge from factories; leaching 0
platelets; increased risk of cancer | from gas storage tanks and
landfills
Benzo(a)pyrene (PAHs) 0.0002 Reproductive difficulties; Leaching from linings of water 0
increased risk of cancer storage tanks and distribution
lines
Beryllium 0.004 Intestinal lesions Discharge from metal refineries 0.004
and coal-burning factories;
discharge from electrical,
aerospace, and defense industries
Beta particles and 4 millirems | Increased risk of cancer Decay of natural and man-made 0
photon emitters per year deposits of certain materials that
are radioactive and may emit
forms of radiation known as
photons and beta radiation
Bromate 0.010 Increased risk of cancer Byproducts of drinking water 0
disinfection
Legend

[ D ] Disinfectant

Disinfection byproduct

Organic chemical

B Radionuclide

Inorganic chemical

I Microorganism
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MCLorTT' | Potential health effects from Common sources of Public
Contaminant (mg/L)? exposure above the MCL contaminant in drinking water health goal
O Cadmium 0.005 Kidney damage Corrosion of galvanized pipes; 0.005
erosion of natural deposits;
discharge from metal refineries;
runoff from waste batteries and
paints
O Carbofuran 0.04 Problems with blood, nervous Leaching of soil fumigant used on 0.04
system, or reproductive system rice and alfalfa
O Carbon tetrachloride 0.005 Liver problems; increased risk of Discharge from chemical plants 0
cancer and other industrial activities
D | Chloramines (as Cl,) MRDL=4.0" | Eye/nose irritation, stomach Water additive used to control MRDLG=4'
discomfort, anemia microbes
(oJlal Chlordane 0.002 Liver or nervous system problems; | Residue of banned termiticide 0
increased risk of cancer
D | Chlorine (as Cl,) MRDL=4.0' | Eye/nose irritation; stomach Water additive used to control MRDLG=4'
discomfort microbes
D | Chlorine dioxide (as MRDL=0.8" | Anemia; infants and young Water additive used to control MRDLG=0.8'
clo,) children: nervous system effects microbes
Chlorite 1.0 Anemia; infants and young Byproduct of drinking water 0.8
children: nervous system effects disinfection
Chlorobenzene 0.1 Liver or kidney problems Discharge from chemical and 0.1
agricultural chemical factories
Chromium (total) 0.1 Allergic dermatitis Discharge from steel and pulp 0.1
mills; erosion of natural deposits
Copper TT7; action | Short-term exposure: Corrosion of household plumbing 1.3
level=1.3 | Gastrointestinal distress. Long- systems; erosion of natural
term exposure: Liver or kidney deposits
damage. People with Wilson's
disease should consult a doctor
if the amount of copper in their
water exceeds the action level
Cryptosporidium T Gastrointestinal illness (diarrhea, Human and animal fecal waste 0
vomiting, cramps)
Cyanide (as free 0.2 Nerve damage or thyroid Discharge from steel/metal 0.2
cyanide) problems factories; discharge from plastic
and fertilizer factories
2,4-D 0.07 Kidney, liver, or adrenal gland Runoff from herbicide used on 0.07
problems row crops
Dalapon 0.2 Minor kidney changes Runoff from herbicide used on 0.2
rights of way
1,2-Dibromo-3- 0.0002 Reproductive difficulties, Runoff/leaching from soil 0
chloropropane (DBCP) increased risk of cancer fumigant used on soybeans,
cotton, pineapples, and orchards
o-Dichlorobenzene 0.6 Liver, kidney, or circulatory system | Discharge from industrial chemical 0.6
problems factories
p-Dichlorobenzene 0.075 Anemia; liver, kidney, or spleen Discharge from industrial chemical 0.075
damage; changes in blood factories
1,2-Dichloroethane 0.005 Increased risk of cancer Discharge from industrial chemical 0
factories
1,1-Dichloroethylene 0.007 Liver problems Discharge from industrial chemical 0.007
factories
cis-1,2- 0.07 Liver problems Discharge from industrial chemical 0.07

Dichloroethylene

factories

v
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MCLorTT' | Potential health effects from Common sources of Public
Contaminant (mg/L)? exposure above the MCL contaminant in drinking water health goal
trans-1,2- 0.1 Liver problems Discharge from industrial chemical 0.1
Dichloroethylene factories
Dichloromethane 0.005 Liver problems, increased risk of Discharge from drug and chemical 0
cancer factories
1,2-Dichloropropane 0.005 Increased risk of cancer Discharge from industrial chemical 0
factories
Di(2-ethylhexyl) 0.4 Weight loss, liver problems, Discharge from chemical factories 0.4
adipate possible reproductive difficulties
Di(2-ethylhexyl) 0.006 Reproductive difficulties, liver Discharge from rubber and 0
phthalate problems; increased risk of cancer | chemical factories
Dinoseb 0.007 Reproductive difficulties Runoff from herbicide used on 0.007
soybeans and vegetables
Dioxin (2,3,7,8-TCDD) 0.00000003 | Reproductive difficulties; Emissions from waste incineration 0
increased risk of cancer and other combustion; discharge
from chemical factories
Diquat 0.02 Cataracts Runoff from herbicide use 0.02
Endothall 0.1 Stomach and intestinal problems | Runoff from herbicide use 0.1
Endrin 0.002 Liver problems Residue of banned insecticide 0.002
Epichlorohydrin TT® Increased cancer risk, and over a Discharge from industrial chemical 0
long period, stomach problems factories; an impurity of some
water treatment chemicals
Ethylbenzene 0.7 Liver or kidney problems Discharge from petroleum 0.7
refineries
Ethylene dibromide 0.00005 Problems with liver, stomach, Discharge from petroleum 0
reproductive system, or kidneys; refineries
@ increased risk of cancer
% Fluoride 4.0 Bone disease (pain and tenderness | Water additive which promotes 4.0
S of the bones); children may get strong teeth; erosion of natural
= mottled teeth deposits; discharge from fertilizer
< and aluminum factories
Giardia lamblia T Gastrointestinal illness (such as Human and animal feces 0
diarrhea, vomiting, cramps)
Glyphosate 0.7 Kidney problems; reproductive Runoff from herbicide use 0.7
difficulties
Haloacetic acids 0.060 Increased risk of cancer Byproduct of drinking water n/aé
(HAA5) disinfection
Heptachlor 0.0004 Liver damage; increased risk of Residue of banned termiticide 0
cancer
Heptachlor epoxide 0.0002 Liver damage; increased risk of Breakdown of heptachlor 0
cancer
Heterotrophic plate T HPC has no health effects; it is an HPC measures a range of bacteria n/a
count (HPC) analytic method used to measure | that are naturally present in the
the variety of bacteria that are environment
common in water. The lower
the concentration of bacteria
in drinking water, the better
maintained the water system is.

Legend

[ D ] Disinfectant

Disinfection byproduct

Organic chemical

B Radionuclide

Inorganic chemical

I Microorganism
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MCLorTT' | Potential health effects from Common sources of Public
Contaminant (mg/L)? exposure above the MCL contaminant in drinking water | health goal
Hexachlorobenzene 0.001 Liver or kidney problems; Discharge from metal refineries 0
reproductive difficulties; increased | and agricultural chemical factories
risk of cancer
Hexachlorocyclopent- 0.05 Kidney or stomach problems Discharge from chemical factories 0.05
adien
Lead TT7 action | Infants and children: Delays in Corrosion of household plumbing 0
level =0.015 | physical or mental development; | systems; erosion of natural
children could show slight deficits | deposits
in attention span and learning
abilities; Adults: Kidney problems;
high blood pressure
Legionella T Legionnaire’s disease, a type of Found naturally in water; 0
pneumonia multiplies in heating systems
Lindane 0.0002 Liver or kidney problems Runoff/leaching from insecticide 0.0002
used on cattle, lumber, gardens
Mercury (inorganic) 0.002 Kidney damage Erosion of natural deposits; 0.002
discharge from refineries and
factories; runoff from landfills and
croplands
Methoxychlor 0.04 Reproductive difficulties Runoff/leaching from insecticide 0.04
used on fruits, vegetables alfalfa
livestock
Nitrate (measured as 10 Infants under 6 months old who Runoff from fertilizer use; leaching 10
nitrogen) drink water containing nitrate in from septic tanks, sewage; erosion
excess of the MCL could become of natural deposits
seriously ill and if untreated,
may die. Symptoms include
shortness of breath and blue-baby
syndrome.
Nitrite (measured as 1 Infants under 6 months old who Runoff from fertilizer use; leaching 1
nitrogen) drink water containing nitrite in from septic tanks, sewage; erosion
excess of the MCL could become of natural deposits
seriously ill and, if untreated,
may die. Symptoms include
shortness of breath and blue-baby
syndrome.
Oxamyl (Vydate) 0.2 Slight nervous system effects Runoff/leaching from insecticide 0.2
used on apples, potatoes, and
tomatoes
Pentachlorophenol 0.001 Liver or kidney problems; Discharge from wood preserving 0
increased cancer risk factories
Picloram 0.5 Liver problems Herbicide runoff 0.5
Polychlorinated 0.0005 Skin changes; thymus gland Runoff from landfills; discharge of 0
biphenyls (PCBs) problems; immune deficiencies; waste chemicals
reproductive or nervous system
difficulties; increased risk of cancer
Radium 226 and 5 pCi/L Increased risk of cancer Erosion of natural deposits 0
radium 228 (combined)
Selenium 0.05 Hair or fingernail loss; numbness Discharge from petroleum 0.05
in fingers or toes; circulatory refineries; erosion of natural
problems deposits; discharge from mines
Simazine 0.004 Problems with blood Herbicide runoff 0.004
Styrene 0.1 Liver, kidney, or circulatory system | Discharge from rubber and plastic 0.1

problems

factories; leaching from landfills
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Appendix B: National Primary Drinking Water Standards

MCLorTT' | Potential health effects from Common sources of Public
Contaminant (mg/L)? exposure above the MCL contaminant in drinking water health goal
Tetrachloroethylene 0.005 Liver problems; increased risk of Discharge from factories and dry 0
cancer cleaners
Thallium 0.002 Hair loss; changes in blood; kidney, | Leaching from ore-processing 0.0005
intestine or liver problems sites; discharge from electronics,
glass, and drug factories
Toluene 1 Nervous system, kidney or liver Discharge from petroleum 1
problems factories
Total coliforms 5.0%"* Not a health threat in itself; it is Coliforms are naturally present in 0
(including coliform and used to indicate whether other the environment as well as feces;
E. coli) potentially harmful bacteriamay | fecal coliforms and E. coli come
be present® only from human and animal feces
Total trihalomethanes 0.10 Liver, kidney or central nervous Byproduct of drinking water n/a®
(TTHMs) 0.080 after | system problems; increased risk disinfection
12/31/03 | of cancer
Toxaphene 0.003 Kidney, liver, or thyroid problems; | Runoff/leaching from insecticide 0
increased risk of cancer used on cotton and cattle
2,4,5-TP (Silvex) 0.05 Liver problems Residue of banned herbicide 0.05
1,2,4-Trichlorobenzene 0.07 Changes in adrenal glands Discharge from textile finishing 0.07
factories
1,1,1-Trichloroethane 0.2 Liver, nervous system, or Discharge from metal degreasing 0.20
circulatory problems sites and other factories
1,1,2-Trichloroethane 0.005 Liver, kidney, orimmune system Discharge from industrial chemical 0.003
problems factories
Trichloroethylene 0.005 Liver problems; increased risk of Discharge from metal degreasing 0
cancer sites and other factories
Turbidity T Turbidity is a measure of the Soil runoff n/a
f cloudiness of water. It is used
5 to indicate water quality and
o filtration effectiveness (such
= as whether disease-causing
< organisms are present). Higher
turbidity levels are often
associated with higher levels of
disease-causing microorganisms
such as viruses, parasites and
some bacteria. These organisms
can cause symptoms such as
nausea, cramps, diarrhea, and
associated headaches.
Uranium 30ug/Las | Increased risk of cancer, kidney Erosion of natural deposits 0
of 12/08/03 | toxicity
Vinyl chloride 0.002 Increased risk of cancer Leaching from PVC pipes; 0
discharge from plastic factories
Viruses (enteric) T3 Gastrointestinal illness (diarrhea, Human and animal feces 0
vomiting, cramps)
Xylenes (total) 10 Nervous system damage Discharge from petroleum 10
factories; discharge from chemical
factories

Legend
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Notes
1. Definitions

Maximum Contaminant Level Goal (MCLG)—The level of contaminant in drinking water below which there is no known or ex-

pected risk to health. MCLGs allow for a margin of safety and are non-enforceable public health goals.

Maximum Contaminant Level (MCL)—The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to

MCLGs as feasible using the best available treatment technology and taking cost into consideration. MCLs are enforceable stan-

dards.

Maximum Residual Disinfectant Level Goal (MRDLG)—The level of a drinking water disinfectant below which there is no known or

expected risk to health. MRDLGs do not reflect the benefits of the use of disinfectants to control microbial contaminants.

Maximum Residual Disinfectant Level (MRDL)—The highest level of a disinfectant allowed in drinking water. There is convincing

evidence that addition of a disinfectant is necessary for control of microbial contaminants.

Treatment Technique (TT)—A required process intended to reduce the level of a contaminant in drinking water.

Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are equivalent to parts per million (ppm).

EPA’s surface water treatment rules require systems using surface water or groundwater under the direct influence of surface water

to (1) disinfect their water, and (2) filter their water or meet criteria for avoiding filtration so that the following contaminants are con-

trolled at the following levels.

Cryptosporidium (as of 1/1/02 for systems serving >10,000 and 1/14/05 for systems serving <10,000): 99% removal.

Giardia lambia: 99.9% removal/inactivation

Viruses: 99.99% removal/inactivation

Legionella: No limit, but EPA believes that if Giardia and viruses are removed/inactivated, Legionella will also be controlled.

Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric turbidity units (NTU); systems that filter must

ensure that the turbidity go no higher than 1 NTU (0.5 NTU for conventional or direct filtration) in at least 95% of the daily samples

in any month. As of January 1, 2002, for systems serving >10,000, and January 14, 2005, for systems serving <10,000, turbidity may
never exceed 1 NTU, and must not exceed 0.3 NTU in 95% of daily samples in any month.

HPC: No more than 500 bacterial colonies per milliliter.

Long Term 1 Enhanced Surface Water Treatment (Effective Date: January 14, 2005): Surface water systems or (GWUDI) systems

serving fewer than 10,000 people must comply with the applicable Long Term 1 Enhanced Surface Water Treatment Rule provi-

sions (such as turbidity standards, individual filter monitoring, Cryptosporidium removal requirements, updated watershed control
requirements for unfiltered systems).

Filter backwash recycling: The Filter Backwash Recycling Rule requires systems that recycle to return specific recycle flows through

all processes of the system’s existing conventional or direct filtration system or at an alternate location approved by the state.

4. No more than 5.0% samples total coliform-positive in a month. (For water systems that collect fewer than 40 routine samples per
month, no more than one sample can be total coliform-positive per month.) Every sample that has total coliform must be analyzed
for either fecal coliforms or E. coli of two consecutive TC-positive samples, and one is also positive for E. colifecal coliforms, system
has and acute MCL violation.

5. Fecal coliform and E. coli are bacteria whose presence indicates that the water may be contaminated with human or animal wastes.
Disease-causing microbes (pathogens) in these wastes can cause diarrhea, cramps, nausea, headaches, or other symptoms. These
pathogens may pose a special health risk for infants, young children, and people with severely compromised immune systems.

6. Although there is no collective MCLG for this contaminant group, there are individual MCLGs for some of the individual contami-
nants:

+ Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.3 mg/L)
« Trihalomethanes bromodichloromethane (zero); bromoform (zero); dibromochloromethane (0.06 mg/L)

7. Lead and copper are regulated by a treatment technique that requires systems to control the corrosiveness of their water. If more
than 10% of tap water samples exceed the action level, water systems must take additional steps. For copper, the action level is 1.3
mg/L, and for lead is 0.015 mg/L.

8. Each water system must certify, in writing, to the state (using third-party or manufacturers certification) that when it uses acrylamide
and/or epichlorohydrin to treat water, the combination (or product) of dose and monomer level does not exceed the levels specified,
as follows: acrylamide=0.05% dosed at 1 mg/L (or equivalent); epichlorohydrin=0.01% dosed at 20 mg/L (or equivalent).
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Appendix C: Well Water Problems: Symptoms, Tests, and Possible Sources

Appendix C

Water Problems: Symptoms, Tests, and Possible Sources

Symptom

Cloudiness of water with a
yellow, brown or black cast
that clears after standing 24
hours

Cause

Turbidity

Treatment devices

Flocculation and
sedimentation or particle
and microfiltration (POE)?

Transparent yellow-brown
tint to water that doesn’t
clear after standing 24 hours

High levels of NOM?, usually
in surface water

Activated carbon filtration

or chlorination followed by
activated carbon filtration
Water utilities use
flocculation to remove NOM!

Brown-orange stains or
reddish slime or tint to water

Presence of dissolved iron
and iron bacteria

Low amounts: reduce

with particle filter or
during reverse osmosis or
distillation treatments (POE?
or POU?)

High amounts: remove by
potassium permanganate-
regenerated oxidizing filter
and particle filter (POE)?
Very high amounts: remove
by chlorination followed by
particle filter (POE)?
Consider well and
distribution/storage shock
chlorination to kill iron
bacteria

Brownish color or rusty
sediment

Suspended iron and
manganese particles

Particle filter (POE)?

Blackened or tarnished
metal utensils and pipes

High chloride and sulfate
levels

Reverse osmosis unit (POE)?
or distillation unit (POU)?

Blackened or tarnished High water acidity and high Acid-neutralizing filters
metal utensils and pipes hydrogen sulfide (calcite or calcite/
magnesium oxide) (POE)*
or addition of alkaline
chemicals such as lime
Stains in showers, toilet Hardness Water softener (POE? or
bowls, and faucet ends POU?)

v
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Symptom Cause Treatment devices
Excessive staining in Salinity Reverse osmosis unit or
showers and aluminum distillation unit (POU)?
cookware

Green water stains Acidity Acid neutralizing filters

(POE)? or addition of alkaline
chemicals such as lime

Soap deposits or excessive Hardness Water softener or reverse

scaly deposits in plumbing osmosis or distillation (POE?

and appliances or POU?)

Excessive salt deposits Alkalinity (high pH and Reverse osmosis or
sodium) distillation systems (POE?)

consider acid neutralization
of excessive alkalinity

Other visual Houseplants stunted or with | Salinity Reverse osmosis unit or
burned leaf tips distillation unit (POU)?

Taste of chlorine, gasoline, VOCs*, including residual Activated charcoal filter or
or oil chlorine, disinfection aeration (POE)?
byproducts, pesticides, or
fuel (gasoline, diesel, oil

products)
Metallic taste Acidity Acid neutralizing filters
(POE)? or addition of alkaline
chemicals such as lime
Salty or bitter taste High total dissolved solids, Reverse osmosis or
sodium, sulfates, or nitrates distillation (POU)?
(salinity)
1
Odor Chlorine-like odor VOCs, including residual Activated charcoal filter or e
chlorine, disinfection aeration (POU) 2
byproducts, pesticides, ol

gasoline products

Gasoline-like odor Gasoline, diesel, oil products Activated charcoal filter or
aeration (POU)
Earthy, musty, or chemical Algae products (geos-min Activated charcoal filter
odor and MIB) (POU)
Rotten egg odor Excessive acidity, lack of Oxidation of water
oxygen in water source, or during aeration (POE) or

contamination by hydrogen chlorination and a particle
sulfide gas (occurs naturally filter (POE) or oxidizing

in aquifers and sediments) filter (POE) followed by an
activated carbon filter
Acidity control may also be
needed

v
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Appendix C: Well Water Problems: Symptoms, Tests, and Possible Sources

problems

Symptom Cause Treatment devices
lliness Gastrointestinal problems Pathogens Remove source of
such as diarrhea and contamination. Reduce
vomiting pathogens through
chlorination, UV radiation, or
ozonation (POE). Chloramine
chemicals may be used after
chlorination is completed in
order to maintain acceptable
chlorine residual levels.
Appliance/hardware | Early appliance failure Hardness Water softener (POE or POU)

Poor evaporative cooler
performance

Build-up of scale on pads
(high hardness, high salinity)

Use bleed-off mechanism to
prevent build-up of salts and
minerals (more information
on Water Conservation
website)

Blackened/tarnished metal
utensils and pipes

High chloride levels

Reverse osmosis unit or
distillation unit (POU)

Blackened/tarnished metal
utensils and pipes

High water acidity and high
hydrogen sulfide

Acid-neutralizing filters
(POE) or addition of alkaline
chemicals such as lime

'NOM Natural organic water

2POE Point of entry
3POU  Point of use

“VOC Volatile organic compound

v
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Glossary of Terms and Conditions

Glossary

Can't find it here? More water-related terms are posted at http:/fwww.aces.edulwaterquality/glossarylglossary.htm.

aeolian: Pertaining to a sedimentary process
affected by the activity of wind. Winds erode,
transport, and deposit materials and form uncon-
solidated land forms such as sand dunes. The
term is derived from the name of the mythologi-
cal Greek god Acolus, keeper of the winds.

alluvial: Pertaining to a sedimentary process
made by running water. The alluvial sedimentary
deposits may be in river beds, flood plains, and
alluvial fans. It does not include sediments in
lakes or seas.

alluvial fan: An outspread, gently sloping land-
form of alluvium deposited by a combination of
gravity and stream flow. It is found in arid and
semiarid regions. Viewed from above, the land-
form is in the shape of a fan.

alpha particle: A particle emitted from an
atomic nucleus during radioactive decay; it can
be stopped by a sheet of paper. See beta particle
and gamma ray.

annular space: In well drilling, the space
between the well casing and the borehole wall.

anthropogenic: Relating to or resulting from the
influence of human beings.

aquifer: An underground body of geologic mate-
rial that is permeable enough to conduct ground-
water and to yield water to a well.

aquitard: An underground body of geologic mate-
rial such as clay that slows groundwater flow and is
not permeable enough to yield water to a well.

artesian: Pertaining to groundwater that is under
enough pressure to rise above the aquifer contain-
ing it.

\ 4

basement rock: The crust of the earth beneath
sedimentary deposits. Basement rock is usually
igneous and metamorphic rock such as granite.

basalt: A dark igneous rock commonly extruded
from volcanoes.

basin and range province: An area having a
series of fault-block mountains, which are large
blocks of rock created by rifts; the mountains are
separated by basins filled with sediment.

beta particle: A high-energy, high-speed particle
emitted from an atomic nucleus during radioac-
tive decay. A beta particle has more energy than
an alpha particle. It can penetrate paper but will
be stopped by an aluminum plate. See alpha par-
ticle and gamma ray.

bioslime: A colony of microorganisms that attach
to each other and to a surface, forming slime.

caliche: A hardened deposit of calcium carbon-
ate that cements together other materials, such as
clay, gravel, sand, silt, and soil. Caliche is typi-
cally found on or near the ground surface in arid
and semiarid regions. It can be a few inches to a
few feet thick.

colloidal: Consisting of substances or particles
that are microscopically and evenly dispersed
throughout a liquid.

colluvium: A loose body of sediment that has
been deposited by gravity. Colluvium is deposited
by activities such as avalanches, mudslides, and

landslides.
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confined (unconfined): An aquifer that has a
confining layer (aquitard) between it and the land
surface. An artesian aquifer is confined, but not
all confined aquifers are artesian (under pressure).

Texas Well Owner Network: Well Owner’s Guide to Water Supply



>
S
©
n
7]
=]
O

Glossary of Terms and Conditions

consolidated: Said of geologic material that has
undergone any process whereby loose, soft, or lig-
uid earth materials have become firm and hard.
An example of consolidated material is rock.

contact time: In water disinfection, the length of
time required for chlorine or another disinfectant
to deactivate pathogens.

corrosion: The disintegration of an engineered
material by chemical reactions with its surround-
ings. An example is the rusting of an iron pipe.

delta: A nearly flat, alluvial tract of land at the
mouth of a river; it is formed by the deposition of
sediment and alluvium by the river. Most deltas
are partly submerged.

depositional setting: The laying-down of geo-
logic material by any natural agent, such as when
river systems transport sediment or it settles from
suspension in water.

distillation: A method of separating mixtures
based on differences in volatilities of components
in a boiling liquid mixture. Water is distilled to
remove impurities, such as salt from seawater.
Distilled water consists of water molecules only.

divide (watershed): The topographic boundary

between two watersheds.

down gradient: Downhill or down slope—the
direction that groundwater flows under a gradient.

drawdown cone (cone of depression): The
lowering of the water level in a well as a result of
pumping. The drawdown is the vertical distance
between the original water table and the water
level in a well; the cone of depression is the hori-
zontal distance between the well and the edge of
the drawdown.

enteric: Of or within the intestine.

EPA (Environmental Protection Agency): A
U.S. governmental agency that works to protect
human health and the environment.

evaporite: Sediment deposited after a liquid
evaporates, such as salt formed in a playa. Gyp-
sum is an evaporite formed of calcium and
sulfate.

fault: A fracture or fracture zone in which the
sides have been displaced relative to one another.
Earthquakes occur along faults.

flowing well: An artesian well under suflicient
pressure to discharge water on the land surface.

focused recharge: Groundwater recharge in
locations where surface water has accumulated
in depressions or low-lying areas. Examples:
recharge from a pond, playa, lake, or stream.

fouling: An accumulation of unwanted material
on surfaces that inhibits function. It may consist
of bacteria or inorganic corrosive reactions with
the environment, such as rusting.

gamma ray: A very high-energy, high-speed
particle emitted from an atomic nucleus during
radioactive decay. Gamma rays have more energy
than beta particles and can penetrate most mate-
rials. They are slowed by lead. See alpha particle
and beta particle.

geochemistry: The study of the chemical composi-
tion of the earth and the chemical processes and
reactions that govern the composition of rocks,
water, and soil. Isotope geochemistry focuses on
the elements and their isotopes in the earth; aque-
ous geochemistry centers on the interactions of
various elements in surface water and groundwater.

geologic formation: A thickness or layer of rocks
having comparable characteristics, properties, and
depositional settings. The thickness of different
formations can vary widely over distances, and
there can be variation within a formation.

gradient: The rate of regular or graded ascent
or descent, or sloping upward or downward. In
chemistry, it is the regular or graded change in
concentration from increasing or decreasing.
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granite: A coarse-grained, crystalline rock.

grout: A construction material used to fill voids
and seal joints, generally composed of a mix-

ture of water, clay, cement, and sand. Applied or
placed as a thick emulsion, it hardens over time.

half-life: The length of time that the volume of
a substance undergoing radioactive decay takes
to decrease by half. For example, the half-life of
carbon 14 is 5,730 years, meaning that after that
amount of time, half of the volume of carbon 14
has decayed to nitrogen.

hardness: The quality of water containing dis-
solved minerals that form scale on appliances and
tap fixtures. Hard water is often indicated by a
lack of suds when laundering with soap.

hydrogen sulfide: A colorless gas that smells
like rotten eggs. It is often the result of bacteria
breaking down organic matter in the absence
of oxygen. Also known as swamp gas and sewer
gas, it is perceptible in concentrations as low as
0.00047 parts per million.

hydrograph: A graph showing river stages, flow,
velocity, or other characteristics of water with
respect to time. A stream hydrograph commonly
shows rate of flow; a groundwater hydrograph
shows water level.

hydrologic cycle: The movement or exchange
of water between the atmosphere and earth; also
known as the water cycle.

hydrology: The science dealing with the proper-

ties, distribution, and circulation of water.

igneous: The characteristic of a rock or mineral
that solidified from molten or partly molten mate-
rial, or magma; also applied to the process that
forms such rocks. Igneous rock is one of the three
main classes into which rocks are divided, the
others being metamorphic and sedimentary.

A4

iron sulfide (pyrite): A common yellow min-
eral that often contains small amounts of other
minerals such as arsenic, gold, and copper. Pyrite
is the most widespread and abundant of sulfide
minerals and occurs in all kinds of rocks.

isotope: One of two or more species of a chemi-
cal element; the species have the same number of
protons in the nucleus but a different number of
neutrons. The isotopes of an element have slightly
different physical and chemical properties.

karst: A type of topography that is formed by
dissolution over limestone, dolomite, or gypsum;
it is characterized by sinkholes, caves, and under-
ground drainage.

landform: One of the features that make up
the surface of the earth. Examples include broad
features such as a plain, plateau, or mountain,
and minor features such as a hill, valley, slope,
canyon, or alluvial fan.

lithification: The process by which geologic
material is converted by processes such as cemen-
tation, compaction, and crystallization.

limestone: A sedimentary rock consisting chiefly
of the mineral calcite (calcium carbonate). It is
the most important and widely distributed car-
bonate rock.

MCL: The maximum contaminant level, or the
concentration of a contaminant that is allowed in
drinking water. This level is set to protect human
health. Concentrations above the MCL are
considered a health risk. Public drinking water
providers must deliver water that meets MCLs or
face enforcement measures by the EPA.
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metamorphic: The characteristic of any rock
derived from preexisting rocks by mineralogical,
chemical, and/or structural changes, in response
to change in temperature, pressure, and chemical
environment, generally deep in the earth’s crust.
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mg/L (parts per million): Milligrams per liter.
Just as percent means out of a hundred, so parts
per million or ppm means out of a million. This
measure usually describes the concentration of
something in water.

NAPL (non-aqueous phase liquid): an oily
liquid that does not mix readily with water and
flows separately from groundwater. Examples
are chlorinated solvents and petroleum products.
A dense NAPL (DNAPL) is denser than water
and tends to sink once it reaches the water table.
A NAPL that is less dense than water (LNAPL)

tends to float on the water table.

organic: Originating from living or previously
living things, and containing carbon.

pH: A measure of the concentration of hydro-
gen ions in a solution that describes whether it
is acidic or alkaline (basic). pH is measured on a
scale that ranges from 0 (very acidic) to 14 (very
basic).

pCi/L (picocuries per liter): The curie is a stan-
dard measure for the intensity of radioactivity in
a sample of radioactive material. A pico denotes a
factor of 10> or 0.000000000001.

parent material: The geologic material—min-
eral or organic—from which soils and sediment
develop. Granite is a typical parent material from
which sand is derived by erosion.

permeability: In fluid mechanics and earth sci-
ence, the ability of a material to allow fluids to

pass through it.

physiographic province: A region or province
in which the landscape reflects a unified geologic
history of depositional and erosional processes.
Each physiographic province is distinguished by
characteristic climate, vegetation, geologic struc-
ture, and rock and soil types. The elevations and
shapes of a landform contrast significantly with
those of nearby landforms.

playa: A dry, barren area in the lowest part of an
undrained desert basin; it is underlain by clay,
silt or sand, and commonly by salts. It may be
marked by an ephemeral lake.

plume: In groundwater, the form that contami-
nants take after being discharged underground.
The contaminants are diluted when they mix
with groundwater as it flows downgradient.

porosity: The measure of void (empty) spaces in
a material.

radioactive: Said of a material that decays as the
atomic nucleus loses energy by emitting ionizing
particles (radiation). The atom decays without any
physical interaction with another particle from
outside the atom.

reagent: A substance or compound that is added
to a system to bring about a chemical reaction, or
that is added to see if a reaction occurs.

recharge: The process by which water is added
to a groundwater source, typically by percola-
tion through the soils. Also, the amount of water

added.

rift valley: A valley that has developed along a
rift caused by geologic faulting.

rule of capture: The doctrine and its interpreta-
tion in Texas that groundwater essentially belongs
to the landowner once it has been captured by a
well and delivered to the surface.

SMCL (Secondary Maximum Contaminant
Level): The recommended contaminant level, or
concentration of a particular contaminant con-
stituent, set to meet aesthetic standards of taste,
odor, or color. Concentrations above the SMCL
are not considered a human health risk.

Safe Drinking Water Act: The main federal law
that ensures the quality of Americans’ drinking
water. Under the act, the EPA sets standards for
drinking water quality and oversees the states,
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localities, and water suppliers that implement the
standards. The law helps protect drinking water
and its sources: rivers, lakes, reservoirs, springs,
and groundwater wells. It does not regulate pri-
vate wells that serve fewer than 25 people.

scale: A hard residue that results from the pre-
cipitation of minerals composed of calcium and
magnesium carbonates. It commonly coats the
inside of water pipes and appliances.

sedimentary: Of rock created by the consolida-
tion of sediment. Sediment forms in layers such
as mud and sand.

shale: A fine-grained sedimentary rock formed
by the compaction of clay, silt, or mud.

shared well: A domestic well that serves water to
more than one but less than 15 connections or 25
residents. In Texas, a shared well is exempt from
regulation.

soft water: Water that contains mostly sodium or
potassium ions. Hard water can be “softened” by
replacing dissolved calcium and magnesium with
sodium or potassium ions using a water softener
system. Water naturally low in total dissolved
solids is also called soft water.

subsidence: The sinking of the earth’s surface
caused by natural geologic processes such as com-
paction or by human activity such as mining or
pumping of oil or groundwater.

Superfund: A program of the federal government
to clean up uncontrolled hazardous waste sites.

TDS: Total dissolved solids. A measure of the
minerals and chemicals dissolved in water, typi-
cally recorded in milligrams per liter (mg/L).

tectonic: Pertaining to the processes and struc-
tures dealing with the broad architecture of the
outer part of the earth. The major structural or
deformation features and relations, origin, and

historical evolution of the earth.

v

topography: The general configuration of a land
surface, including its elevation relief and the posi-
tion of its natural and manufactured features.

transpiration: The process by which water vapor
is lost to the atmosphere from living plants.

unconfined (confined): Said of an aquifer that
receives recharge directly from the land surface.
It is sometimes also called a water table aquifer
because its upper boundary is the water table.

unconsolidated: Said of sediment that is loosely
arranged, unstratified, or made of particles that
are not cemented together.

VOC (volatile organic chemical): Organic,
carbon-based chemicals that vaporize easily or
evaporate at room temperature.

volcanic: Pertaining to the activities, structure,
and rock types of a volcano.

water cycle: The movement or exchange of water
between the atmosphere and the earth; it is also

called the hydrologic cycle.

watershed: A land area that drains to a com-
mon waterway such as a stream, lake, wetland, or
ultimately the ocean.

water table: The surface between the saturated
and unsaturated portions of an aquifer.

weathering: The destructive processes by which
rocks are changed on exposure to atmospheric
agents at or near the earth’s surface; the physical
disintegration and chemical decomposition of
rock that produces sediments.

well development: The process of over-pumping
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a well after it has been constructed to ensure that
it is connected to the aquifer. It removes fine-
grained sediments from the borehole and alters
the physical characteristics of the aquifer near the
borehole to enable water to flow more freely to
the well.
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