
Introduction to Water Sources

What is in this Lesson?

1. Definition of surface water

2. Examples of surface water

3. Surface water hydrology

4. Surface water intake structures

5. The types of pumps used to collect surface water

6. Transmission lines, materials and function

7. Types of flow meters used to record water use

8. Definition of ground water

9. Advantages & disadvantages of surface water and ground water sources

10. Groundwater hydrology

11. Well components

Key Words
• Aquifer • Baseline data

• Caisson • Contamination

• Cone of depression • Confined aquifer

• Drawdown • Drainage basin

• Flume • Groundwater 

• Glycol • Hydrology

• Impermeable • Microorganism

• ntu • Organic 

• Overland flow • Parshall Flume

• Permeability • Porosity

• Polluted Water • Precipitation

• Raw water • Recharge area

• Riprap • Spring

• Stratum • Static water level

• Surface runoff • Surface water

• Transmissibility • Turbidity

• Unconfined aquifer • Water rights

• Water table • Weir
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Math Concepts Discussed
• cfs to gpm • cfs to acre/feet

• Percentage • Units for velocity

• Million gallons per day • Drawdown

• Specific yield

Science Concepts Discussed
• Microbiology • Chemistry

• Evaporation • Specific gravity

• DO • pH

• Flow of ground water • Ground water hydraulics

• Chemical symbols for iron, manganese, calcium carbonate

Safety Considerations
• Amps required to kill a person • Safe oxygen level

• Confined space • Working over water

Mechanical Equipment Discussed

• Slide Gates • Shear gates

• Self cleaning screens • Lineshaft turbine pumps

• End suction centrifugal pumps • Submersible turbine pumps

• Screens • Transmission piping

• Valves • Floats

• Flow meters • Boilers and heat exchangers

• Sanitary seal • Well screens

• Motor controls • Well casing

• Meters • Air/vacuum relief valve

• Check valve

Introduction to Small Water Systems

- 78 -

































Safety Concerns
Electrical Anytime you are working with electricity there is a

safety concern. A 200 milliamp shock from arm to arm
is enough to kill an average person. This current is
less than what would run through your body if
shocked by 120 volts. To prevent shock, always wear
insulated gloves, never wear metal jewelry or metal eye
glass frames when working with electricity.  Latch the
panel door open when working inside the panel. Turn
the power off when making repairs and always STOP
AND THINK TWICE BEFORE TOUCHING AN
ELECTRICAL COMPONENT.

Lock-Out When working on a pump be sure to shut the power
off and “lock-out” the breaker with a padlock. Place a
tag on the padlock with a note indicating when and
why the unit is turned off.

Noise When using gas or diesel powered equipment you
should be aware of the noise level. If the noise in the
area in which you are working is above 85 db you
should wear hearing protection. Damaged hearing
cannot normally be repaired. For instance, a gas
powered pump installed in a caisson or on a boat would
require hearing protection anytime you were in or
directly above the caisson when the pump was running.

Confined Spaces Most all of the caisson and valve boxes that are found
associated with intake structures are confined spaces
and therefore require:

• A written permit before you enter

• The use of an air ventilation system, and 

• Monitoring the air quality with a oxygen and
combustible gas meter every 15 minutes.

Carbon Monoxide When running the gas powered pump in a caisson,
special care must be taken to ensure that the exhaust
is out of the caisson. However, the wind could easily
blow carbon monoxide back into the caisson. Check
for oxygen and combustible gases before entering the
caisson.
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Well Location Criteria
Regulations & Standards In order to protect the groundwater source and

provide high quality safe water, the water works
industry has developed standards and specifications
for wells. In addition most states have established
minimum construction criteria for municipal wells.
The following listing includes industry standard
practices as well as those items included in many
state regulations.

• There can be no wastewater disposal systems
including septic tanks and drain fields within 200
feet of the well.

• There should be no community sewer line, holding
tanks, or other potential sources of contamination
within 200 feet  of the well.

• Fuel not used for on-site emergency pumping
equipment or heating can not be stored within 100
feet of the well.

• Fuel for on-site emergency generators or building
heating system can be stored on-site if the total
volume is less than 500 gallons.

• The well casing must extend one-foot above the
ground.

• The top of the well casing must extend 12 inches
above the well house slab.

• The ground around the well must be sloped away
from the well 10 feet in all directions.

• The well must have a sanitary seal.

• The well casing must be grouted for at least 10 feet
within the first 20 feet below the surface.

• The well head must be protected against flooding.

• Well pits are prohibited.

Recommendations The following are recommendations and not
regulations:

• To reduce the possibility of the well being classified
as being under the influence of surface water it
should not be located within 200 feet of a surface
water source.

• The water purveyor should own or have a restricted
area within 200 feet radius of the well.

• There should be no roads within 100 feet of the well.

• If the well is drilled within 100 feet of a road, the well
must be protected against contamination from
runoff from the road.

• To avoid the well being classified as GUDISW review
the determination criteria and discuss the location
with the state regulatory agency.
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Check Valves On lineshaft turbines there is commonly a check valve
assembly on the discharge of the pump. The check
valve prevents water from running back into the well.
On small submersible pumps there is usually a check
valve at the top of the pump. On deep well
submersibles there may be additional check valves in
the riser pipe. These check valves prevent water from
running back through the pump and causing it to be
turned in the opposite direction which could damage
the pump.

Air Vacuum Relief Valve A air vacuum relief valve is installed on the discharge
line to reduce water hammer and prevent air in the
column from being forced into the water. The casing is
protected from collapse by a double ninety vent with
#24 mesh stainless steel screen.

Check Valves & Freezing In some cases it may be desirable to allow a portion of
the water to run back down the riser pipe on a
submersible pump installation. This is accomplished
by drilling a “weep hole” in the side of the pipe or in
the disk of the check valve. This is done in order to
remove the water from the top of the drop pipe and
thus reduce the possibility of freezing.

Building 
Function of Building The building is designed to protect the pump and

piping from freezing. Protection from freezing may
require the installation of heat trace tape on the drop
pipe. The building should also be designed to allow
easy removal and replacement of the pump and
pump motor.

Electrical Equipment All electrical components should be protected from
weather damage.

Heat & Lights The building must be heated and contain proper
lighting to allow for maintenance.

Chlorine The chlorine and fluoride systems should not be in
the same room with electric motors and control
panels. If they must be housed with the electrical
system all the electrical fixtures and motors must be
corrosion resistant.
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Data and Record Keeping Requirements
Records A properly operated and managed water works facility

keeps the following records concerning their well.

• Well log -  A documentation of what materials were
found in the bore hole and at what depth. The well
log should include the depths at which water was
found, the casing length and type, the depth and
type of soils, testing procedure well development
techniques and well production.

• Pump and motor name plate data, as well as
maintenance history.

• Water quality data on the physical, chemical, and
bacteriological testing results.

• Quantity of water pumped from the well.

• Static and drawdown water levels.

Data Collection & Testing The raw water should be tested for:

• Temperature - daily

• pH - daily

• Amount of water pumped - daily.

• Pumping hours - daily.

• Pump discharge pressure - daily.

• Iron or manganese, if a problem - daily.

• Conductivity - weekly

• Total coliform - monthly.

• Gallons per minute that pump produces - monthly.

• Raw water fluoride, if feeding fluoride - quarterly.

• Depth of water in well - quarterly.

• Motor amperage and voltage - quarterly.

• Specific yield - Twice a year - winter and summer.

• Collect sample and have it tested for Nitrate -
annually.

• Collect sample and have it tested for inorganics -
every three years.

• Collect and sample for pesticides - every 3 years.

• Collect sample and have it tested for radioactivity -
every 3 years.

• Collect sample and have it tested for VOCs - every
five years.
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Procedure - More Details The procedure for springs, infiltration galleries and
wells includes the following steps:

1. Review of records to determine the method of well
construction and water quality conditions, distance
from well to nearby surface water, coliform
contamination history and history of known or
suspected waterborne disease outbreaks associated
with organisms normally found in surface water.

2. An on-site inspection to look for evidence that surface
water can enter through defects with the well head,
casing or underground connections with the aquifer.

3. An analysis of the well water to identify organisms
that normally occur in surface waters but are not
normally found in groundwater sources.

When Evaluation is Not Required Utilities are not required to perform extensive
evaluations if the system meets the following criteria:

• Well is deeper than 50 feet

• Well is more than 200 feet from a surface water
source

• Well was constructed properly with screens or
perforated intake below a confining layer

• There is no history of significant shifts in water
quality

• There is no history of coliform contamination or
waterborne disease outbreaks in the system.

Importance of Organisms Although a significant and relatively rapid shift in
groundwater quality can indicate the influence of
surface water, it is the analysis for surface water
organisms that determines if the supply falls under
the requirements of the SWTR. The intent of the
analysis is to identify organisms that are likely to
occur only in surface waters. The presence of such
organisms in groundwater indicates that at least some
surface water has been mixed with the groundwater.

Sampling The sampling for surface water organisms generally
involves filtering 1,000 gallons of water through a 1
micron cartridge filter over a 4 to 8 hour period. At
least two samples must be collected during the time
the source is most susceptible to surface water
influence (during heavy rainfall or runoff).

The Results There is no standardized method for interpreting the
results of this test. The recommendation is to look
for Giardia cysts, Helminths, chlorophyll-bearing
algae, Coccidia and other microorganisms that are
larger than 7 microns and are normally found in
surface water.
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Introduction to Water Sources Worksheet

1. What are the three sources of drinking water?

a. ______________________

b. ______________________

c. ______________________

2. What do the letters GUDISW mean?

3. A muskeg pond is an example of what type of water source?

4. Two of the advantages of surface water sources are:

a. ___________________________

b. ___________________________

5.  Two of the advantages of groundwater sources are:

a. ____________________________

b. ____________________________

6. The study of the properties of water, its distribution and behavior is called?

7. What is the area called that directly influences the quantity and quality of surface water?

8. What is the area called that directly influences the quantity of groundwater?

9. The area inside the cone of depression is called the zone of ______________.

10.The __________  _________ prevents an embankment dam from leaking.
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11. A spring and a shallow well are examples of what type of water source?

12. What is the function of the bar screen at a surface water intake?

13. The two most common pumps found in small water system surface water and groundwater intakes
are the ____________ ____________  ________________ and the submersible ____________.

14. An artesian well is found in a____________________ aquifer.

15. The water table is found at the top of the ________________ of ________________.

16. When water is drawn out of a well a _________ of ___________ will develop.

17. For each of the following items give the proper separation from a well for a community water system.

______ a. Community sewer

______ b. Fuel oil, less than 500 gallons used for heating

______ c. Septic tank

18. The well casing should extend _______ above the ground or well house floor.

19. A well casing should be grouted for at least __________ feet, within the first ________ feet with
______________________________________.

20. What are the two most common arctic pipe carriers?

a. ______________________________

b. ______________________________

Water Sources

- 117 -




