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INTRODUCTION

This document provides information and
checklists to help operators of small U.S.
Department of Agriculture (USDA) Forest Service
drinking water systems keep their drinking water
safe and wholesome. Water system operators
are the first line of defense against waterborne
health risks. People expect water from faucets
and hydrants to be safe to drink and it is up to the
water system operator to ensure that it is.

This publication is not intended to replace
operator certification training. It is a supplement
that addresses some of the elements unique to
small, transient, seasonal ground water systems.
Surface water systems are not discussed
because the U.S. Environmental Protection
Agency (EPA) is currently reviewing the rules
governing surface water and ground water under
the direct influence of surface water systems.

WELLS

The vast majority of USDA Forest Service water
systems are ground water. Drilled or driven wells
are the most common method of accessing and
extracting ground water for potable water use
(figure 1). Most well water is clean and safe to
drink right out of the ground and only requires
treatment to keep it safe through the distribution
system.

A well log report is prepared when a new well is
drilled. The log contains valuable information and
a copy should be kept in the permanent water
system folder. The well log report includes:

* Physical location of the well.
» Casing size, type, and depth.
» Screen type, grout, and sealing methods.

+ Well lithology (a description of each
geologic stratum encountered, where water
was encountered, and depth of the well).

e Static water level, draw down, and well
yield.

Figure 1—Drill rig.




Components

A well vent allows air to enter the well as the
water is removed. It allows air to exit the well
when the pump turns off and the water level
returns to the static level. Figure 2 shows typical
well components.

A pitless adapter (figure 3) allows the well casing
and electrical conduit to terminate above ground
while the plumbing remains below the frostline.
Some States do not allow pitless adapters and
require that well casings terminate above ground
in a pumphouse.
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Figure 2—Typical well.

A sanitary seal is used at the top of the well
casing to prevent contaminated water or other
material from entering the well.

A concrete pad prevents water from channeling
along the casing into the ground water. The
casing is installed during drilling to prevent the
bore hole’s collapse. Grout seal fills the space
around the casing to prevent contamination from
entering the well. The screen allows water to
enter the well while keeping sand out.
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Figure 3—Pitless adapter.

Typical Components of a Small
Ground Water Treatment System

Figure 4 shows common components of a small
chlorinated water system.

The watermeter measures both system capacity
in gallons per hour and the total water produced
in gallons (figure 5). It helps the system operator
determine if water demand has increased or
well capacity has decreased if the system is not
meeting the need.
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Figure 4—Typical small chlorinated water system.

Figure 5—Watermeter.




The electric control panel (figure 6) connects the

well pump, chlorine metering pump, and pressure
switch so when the pump is running, the metering

pump is running. This ensures that only treated
water enters the system.

Figure 6—Electrical control panel.

A sample tap (figure 7) is required close to the
well to access untreated well water. This tap
is used to monitor chemical contaminants and
to check well-water quality. It should be tested
for chlorine residual on a chlorinated system
periodically to ensure that the check valve is
functioning (no chlorine should be detected
unless the well has been shock chlorinated).

Figure 7—Sample tap.

Chlorine is diluted to the desired concentration
in the chlorine solution tank. The metering pump
injects chlorine solution into the water when the
well pump turns on. Figure 8 shows a metering
pump that is below the solution level so it does
not lose prime.




Figure 8—Chlorine solution tank and metering pump.

Well Pumps

Many different pumps can be used to move water
and pressurize the distribution system. Pumps
may be manually operated such as a handpump
or solar/grid-electric powered. Various pumps are
shown in figures 9 through 12.

Figure 9—Submersible well pump.

Flgure 10—Handpump

Figure 12—Solar-.powered jack pump.




Routine Well Maintenance O3 Ensure that water drains away from the
well casing or well slab (figure 15).

O Check the well-vent screen. Ensure that it
is clean and intact (figure 13). If the screen
is torn, insects may enter the well. If the
screen is plugged, it may damage the
pump and well too.

Figure 15—Well pitless adapter without slab, graded
to drain.

Figure 13—Well vent.

O Check the well slab for cracks (figure 16).

O Check the sanitary seal and connections
for tightness.

O Ensure that the electrical conduit is intact.
(Figure 14 shows broken electrical conduit.
This should be repaired immediately, since
it provides an excellent point of entry for
insects, dirt, and rodents.)
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Figure 16—Well pitless adapter with intact slab.

O Ensure that animals are not burrowing

Figure 14—Compromised well seal.
under the well slab.




Operation and Maintenance

The 1999 EPA publication, Troubleshooting
Guide For Small Ground Water Systems with
Hypochlorination (figure 17), lists problems,
possible causes, and possible solutions to many
small ground water system problems, including
wells, pumps, pressure tanks, and chlorinators.
The operation and maintenance information

on wells, pumps, and pressure tanks is good
reference material even for system operators that
do not chlorinate.
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Figure 17—Handy reference material.

If the water supply stops keeping up with
demand, it may be caused by an increase in
water demand, a well capacity (the amount of
water produced) problem, or a pump problem.
The water meter can be used to identify an
increase in demand. An increase in campground
use or a leak in the distribution system are also
indications that demand has increased.

If a decrease in well capacity is suspected, check
(or have an engineer check) static water level,
draw-down, and yield to ensure that the well
capacity has not changed (the well log should
have original capacity information).

Well capacity can change over time. Some
causes are:

» Plugged or encrusted well screen.

» Decreased water level in aquifer caused by
drought or excess pumping.

* Collapsed or plugged gravel pack around
well.

If a well has a decreased capacity, contact an
experienced well driller to diagnose and correct
the problem (if possible).

Well pumps wear out over time and need to
be replaced. A decrease in water pressure, a
decrease in water flow, or both are signs that a
pump may be wearing out.

When replacing a well pump, size the pump
based on current well capacity and water system
demand. A pump that is too large may pump
sand and cause the aquifer to collapse and a
pump that is too small will not meet water system
demand.

Use table 1 to record your system’s equipment.




Table 1—Water system components.

Water System Components

Water Pump

Manufacturer

Horsepower

Capacity in gpm

Date and nature of last service

Chemical Feed Pump

Manufacturer

Horsepower

Capacity in gpm

Date and nature of last service

Water Tank

Type (gravity or pressure)

Size

Other




SPRINGS

Springs occur when water surfaces naturally,
such as a seep. An engineer must be involved in
developing a spring source as a drinking water
system. Properly constructed and maintained
springs protect the spring source from surface
water contamination. Figures 18 and 19 show
one method of containing and protecting a spring
water source.

Spring Components

The following terms are useful when discussing
springs.
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Figure 18—Typical spring, plan view (not to scale).

Figure 19—Typical spring, profile view (not to scale).

Collection box (also called a spring box)—A
box made of concrete, fiberglass, galvanized
steel, or other material approved to be in contact
with potable water that collects spring water.

It may be sealed and buried, or it may extend
abovegrade and have access for inspection and
disinfection.

Collector pipe—A perforated or slotted pipe that
collects spring water.

Collection system—A system of gravel,
collector pipe, and a trench or spring box and/or
cut-off wall used to contain the spring.

Cut-off ditch—An excavated trench extending
below the water-bearing formation and into an
impervious layer. It is used in place of a spring
box.

Cut-off wall—A well-tamped impervious wing-
shaped wall of clay, concrete, or other material
that ensures the spring flow enters the collection
system.

Diversion ditch—A ditch above the spring box
that diverts the surface flow around the spring
development.

Overflow—Plumbing that prevents excess spring
water from undercutting the spring box.

Spring box—See collection box.

Vent—A screened opening that prevents a
vacuum in the spring box.




Operation and Maintenance

* Remove all dead vegetation within 25 feet
of the spring (figure 20).

* Remove woody brush and shrubs to
prevent roots from intruding into the
collection area.

» Grade the spring collection area to prevent
standing surface water.

» Check that the fencing is intact and the
gate is locked (figures 21 and 22).

e . -';_-::'?-F'::f -
Figure 21—Spring collection area should be fenced
and locked.
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Figure 22—Repair damaged fencing.

» Check that the spring box lid is locked
(figure 23). The lid should be a shoe-box
design with a 3-inch overhang.

Figure 23—Spring box lid must be locked.

* Check that the spring overflow is armored.
Place a large rock in the overflow splash
zone if it is missing (figure 24).




* Check that the vent is screened and in
good repair (figure 26).

Figure 24—This overflow splash zone is armored. The
screen must be repaired.

* Che(_:k_ the overflow screen to ensure Figure 26—This vent must be repaired.
that it is intact. Replace damaged screen

(figure 25). The screen mesh size may be
specified by the State. + Clean the diversion ditch of any winter

debris (figure 27). Check that the ditch is
in good repair and directs surface water
around the spring collection area.

Diversion
Figure 25—Replacing screen. Ditch

Figure 27—Diversion ditch.
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Water Collection and Storage System

» Check for and repair any obvious damage
to the water collection and storage system
(figure 28). Clean debris out of the spring
box and repair the seals (figure 29).

Figure 28—Check for damage to the spring’s water
collection and storage system.

Figure 29—Clean debris from the spring box and
repair the lid seal.

12



DISTRIBUTION SYSTEM

Components

The distribution system includes all parts of the
water system past treatment. Typical components
of the distribution system are storage tanks,
pipes, valves, and hydrants.

Tanks

Small water systems have many storage tank
choices depending on volume needed, site
access, visual impacts, system pressure, and

so forth. Storage tanks are shown in figures 30
through 34. Water tanks may provide storage for
treated water, chlorine contact time, and/or water
pressure for the distribution system.

Figure 30—Welded steel water tank.

Figure 31—Pressure tanks.

Figure 33—Concrete water tank.




Flgure 34—Wooden water storage tank.

Water storage tanks must keep the treated water
clean. With the exception of pressure tanks,

they should have a lid or cover that keeps birds,
rodents, insects, dust, and surface runoff out.
They also must have a screened vent to allow air
to enter the tank as the water level drops, and
leave the tank as water level rises. Outside tank
access covers must be lockable and weathertight
(figure 35).

Flgure 35—Tank lids must be locked. Replace two
opposing bolts with padlocks for security.

Water tanks are confined spaces and a confined
space warning label should be placed on the
tank access (figure 36 and 37). Confined space
procedures must be followed by anyone entering
the tank.

Flgure 36—Access toa burled water tank. The outer
hatch doors are hinged with a lock. A confined space
warning is clearly posted.

Figure 37—Th|s buried tank access needs a conflned
space warning and a lock for security.

14



Pipes
Pipes used in water systems must be approved
for potable water use (figure 38).

ST MSF-pw ASTM D1785 ASTM D2665 |

NSF Approved

Figure 38—Polyvinyl chloride pipe approved for
potable water use.

NSF International (NSF), American National
Standards Institute (ANSI), American Society for
Testing and Materials (ASTM), and Underwriters
Laboratories (UL) test and approve pipe for
potable water applications. Polyvinyl chloride,
polyethylene, or ductile iron pipe are commonly
used in distribution systems.

Distribution system pipes are typically buried
below the frostline to keep them from freezing
and to protect them from vandalism (figure
39). Valve boxes provide access to distribution
system valves (figure 40).

Figure 39—Distributioﬁ system pipe placed in a
trench.

iniS . . N

Figure 40—Valve box.
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Valves

Valves are used throughout the distribution
system. Valves are used to isolate equipment,
buildings, and other areas of the water system for
repair as well as to control the direction and rate
of flow. They are used to drain the system for
seasonal shutdown.

There may be many types of valves in a water
system (figure 41). Check valves are used to
control the direction of waterflow. Gate valves
and ball valves stop waterflow. Include the valve
types in the operation and maintenance manual.

Valve

4

3 T "

e -

—~Ball Valve
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Figure 41—Valves.

Mark valves on the site plan. Inspect and
exercise (fully open and close) all valves at least
annually to ensure that they are functional, and
to flush any trapped sediment from the valve
body. Inspect the valves for leaks (figure 42). Do
this during startup and shutdown on seasonal
systems. Valves suffer more from lack of use
than from frequent use.

Figure 42— eaking valve.

On seasonal water systems, inspect valves and
check valve operation during spring startup and
fall shutdown.

Replace or repair any valves that leak, fail to
perform as intended, or are stuck (will not open
or shut).

After a pipe breaks is not a good time to discover
that a valve does not work.

Things to check:
O Ensure that the valve boxes are not full of
mud or debris, or have become buried.

3 Inspect the valve for leaks around the
valve stem.

O Ensure that the valve handle is intact.

O Ensure that the valve can be fully opened
and fully closed.

0 Record the inspection date, whether the
valve is right or left handed, and whether it
is normally open or normally closed.

O Record any needed repairs or
replacements.

16



Hydrants

Hose bibs, sample taps, faucets, and fire plugs
are all hydrants. Note their locations on the site
plan. Equip threaded hose bibs with vacuum
breakers to prevent potential cross-contamination
(figure 43). Use freezeproof hydrants on systems
used during the winter (figure 44).

Figure 43—Hose bib with vacuum breaker.
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Figure 44—Freezeproof hydrant.

Annually, inspect all hydrants for leaks. While
sanitizing the system for seasonal startup, look
for leaking hydrants and sticking self-closing
faucets.

Provide a splash pad, or apron and paddle-type
handle for accessible hydrants (figure 45).

Figure 45—Accessible faucet. -

Provide drainage control to prevent site erosion.
A concrete pad and drain (figure 46) or armored
splash zone (figure 47) can be used.

Figure 46—Faucet with concrete pad and drain.

17



Figure 47—This armored splash zone allows drainage
and prevents site erosion.
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SYSTEM START UP Clean water storage tanks and check for damage
to floats, valves, screens, and wires (figure 50).
Repair any winter damage. Water tanks are
confined spaces (figure 51). Do not enter a

Many recreational water systems are seasonal.
They are opened for use in the spring, and
closed during the fall. Check seasonal water

systems for winter damage prior to going back in tank or copfjned space unless you have'received
service. Visually check for any obvious damage proper training and have the proper equipment.
(figures 48 and 49). Use procedures specified in the Confined Space

Job Hazard Analysis if you must enter the tank.
Use a qualified contractor to perform confined
space work if you do not have the training.

Figure 50—Open tanks and check for damage.

T

Figure 49—Erosion around vent. . W ﬂ e

=

Figure 51— anks are confined spaces.

Perform annual maintenance on all pumps and
components as recommended in the operation
and maintenance manuals.

19



Disinfect the water storage tank and distribution
system before opening it for use. To disinfect a
water storage tank or spring box and distribution
system:

* Close all winter drain valves and reinstall
any hydrants that were removed for the
winter.

» Shock-chlorinate tanks or spring boxes
with 50 milligrams per liter (mg/L) chlorine,
unless your State has other requirements
(figure 52). Table 2 shows 5.25 percent
chlorine needed attain 50 mg/L for various
sized tanks. See chapter 11 on how to
calculate other chlorine quantities.

* Turn on well pump, or close spring
overflow, so pipes and storage tank begin
filling with water.

» Add chlorine as needed to keep 50 mg/L
chlorine in the tank or spring box.

* When the smaller storage tanks are full of
chlorinated water, check chlorine residual,
and add enough chlorine to have a residual
of 50 mg/L for 24 hours.

Figure 52—Shock-chlorinate seasonal systems. (Non-
NSF bleach can be used for shocking the system

as long as it is not scented and the water is not for
human consumption.)

To disinfect the distribution system:

» Working down the distribution system from
the tank, open each hydrant until water
flows and there is a strong chlorine smell.
Then close the hydrant (figure 53).

* Open all faucets in the buildings until
there is a strong chlorine smell. Close the
faucets. Repeat for the winter drain valves.

Table 2—Amount of 5.25 percent chlorine needed for tank sizes.

5.25% chlorine, 50 mg/L

5.25% chlorine, 2 mg/L

Tank Size, Gal us Sl us Sl
500 gallons Y2 gallon 1.8L 2%> ounces 70 mi
750 gallons % gallon 28L 3% ounces 105 mi

1,000 gallons 1 gallon 3.8L 5 ounces 145 ml
2,500 gallons 2% gallons 95L 1% cups 360 ml
5,000 gallons 4%, gallons 18 L 3 cups 720 ml

10,000 gallons 9% gallons 36 L 6 cups 14L

15,000 gallons 147, gallons 48 L 0.6 gallons 22L

20,000 gallons 19 gallons 72 L 1% gallons 30L
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Figure 53—Open each hydrant until chlorine is
detected.

Inspect all hydrants, faucets, and valves for
leaks while chlorinating the system.

Test the water at the farthest point in the
line until a 50 mg/L residual is achieved

(figure 54). Not all test kits will read

50 mg/L. Use bottled water to dilute the
sample if necessary to read the residual
with your test kit.

Let the water sit in the distribution system
for 24 hours.

Test the residual at the end of 24 hours. If it
is below 25 mg/L, repeat the process.

Drain the tank and distribution system
and flush with clean water until chlorine
residual is less than 1 mg/L. Do not let the
chlorinated water enter a live stream or
lake.

Figure 54—Test w-ater for free chlorine.

**Care must be taken when flushing the
chlorine from the lines and tank. Chlorine at
this level will interfere with septic tank function,
and can injure or kill fish. The water may be
discharged onto the ground, or dechlorinated
with vitamin C before discharge to septic tanks
or near water bodies. A permit may be needed
to discharge into a stream.

» Take a preseason special bacteriological
test before placing the water system in
service. If the test results come back
negative, open the system for public use.
A special water sample does not count
toward monthly testing requirements. A
routine sample must be taken for every
month or partial month the system is open.

+ Inform your State primacy agency that a
public water system is open.
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If the water storage tank is very large (figure 55),
or the available flow rate is very small:

Figure 55—Large tank.

+ To disinfect a large tank, spray the tank
walls with a 200 mg/L chlorine solution.**
Allow the tank to stand unused for 30
minutes.

**The operators doing the spraying should
wear a self-contained breathing apparatus.
Chlorine fumes from the spray are hazardous.
Employees must be trained and certified
before wearing a self-contained breathing
apparatus.

Add enough water to the tank to obtain
a 50 mg/L residual (table 2). Disinfect
the distribution system by opening each
hydrant, faucet, and valve until a strong
chlorine odor is detected, then close the
tap.

Allow the chlorinated water to stand in the
distribution system for 24 hours.

Fill the tank with clean water and maintain
a 3 mg/L chlorine residual for 3 to 6 hours.

Take a special bacteriological test before
placing the water system in service. If the
test results come back negative, open

the system for public use. A special water
sample does not count toward monthly
testing requirements. A routine sample
must be taken for every month or partial
month the system is open.

Inform your State primacy agency and
the supervisor’s office that a public water
system is open. Inform the supervisor’s
office that a nonpublic water system

is open. Enter this data into the water
sampling module.

22



SEASONAL SHUTDOWN

Seasonally operated water systems must be
shutdown carefully in the fall to minimize the
potential for winter damage. You must inform the
State and the supervisor’s office when a public
system is closed for the year. Failure to notify
the State of the closure will result in violations for
failure to take required routine samples. Inform
the supervisor’s office when nonpublic water
systems are closed for the year.

Springs

* Open the winter bypass valve for the spring
box and shut the valve to the distribution
lines (figure 56).

Figure 56—Open winter bypass valve.

* Drain tanks and lines. Close drain valves
to prevent ground water from backing up
into the system through the drain valves
(figure 57). An open hydrant at the top of
the system aids draining by allowing air to
replace the water leaving the lines.

Figure 57—Drain all water lines.

* Remove any hydrants or other components
that may be subject to winter damage
and store properly. Cap open line ends
where components were removed (figure
58). Store components in a secure, dry
location.

R e R R Loy

Figure 58—Cap lines when components are removed
to keep pipes clean.
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Wells

» Drain tanks and lines, and close drain
valves to prevent ground water from
backing up into the system through the
drain valves. An open hydrant at the top of
the system aids draining by allowing air to
replace the water leaving the lines.

* Remove any hydrants or other components
that may be subject to winter damage
and store properly. Cap open line ends
where components were removed. Store
components in a secure, dry location.

» Empty the chlorine solution tank.

24



WATER SYSTEM DISINFECTION
Disinfection is the primary method for destroying
or inactivating pathogenic organisms that spread
disease in drinking water. A disinfectant, such as
chlorine, frequently is added to water to ensure
that it is free of harmful bacteria and viruses.
Chlorine is the most common disinfectant for
small water systems, and the only disinfectant
this publication addresses.

People expect safe, wholesome water from
hydrants (figure 59). Adding chlorine to the water
helps ensure that the water stays safe throughout
the distribution system to the point of use.

Figure 59—Safe, wholesome water is the goal of
water treatment.

Public water supplies that add chlorine to the
water must meet State requirements for dose,
equipment, and monitoring. A chlorine dose too
low may allow regrowth of disinfectant-resistant
pathogens, excessive biofilm development in
distribution systems, or an unpleasant taste in the
water. A chlorine dose too high may cause taste
and odor problems, distribution pipe degradation,
unnecessary disinfection byproducts, and health
problems.

All public water systems that use surface water,
or ground water under the direct influence of
surface water, are required to disinfect the

water. Some States require that all public water
systems maintain a chlorine residual in the
distribution system. A chlorine residual entering
the distribution system should be at least 0.2 mg/L.
The chlorine residual should be detectable at
the farthest tap in the distribution system. Some
States require the residual to be at least 0.2
mg/L at the farthest tap. The chlorine dose may
need to be increased at the tank to maintain

a detectable residual at the farthest tap. The
chlorine residual in drinking water should never
exceed 4 mg/L. A chlorine test kit, such as the
one shown in figure 60, is required to measure
the chlorine residual in water systems.

Figure 60—Chlorine test kit.

Components
Common disinfection methods for small USDA
Forest Service systems are:
» Erosion-feed tablet chlorinators for calcium
hypochlorite.

» Metering pumps for hypochlorite solutions.
* Onsite hypochlorite generators.

Hypochlorite reacts with water to form chlorine.
Calcium hypochlorite, also called high test
hypochlorite, is a solid that contains 65 to 75
percent available chlorine. Sodium hypochlorite,
also called bleach, is a liquid that contains 5 to
15 percent available chlorine. Onsite hypochlorite
generators make about a 3 percent chlorine
solution.

25



Erosion-Feed Chlorinators

Install erosion-feed chlorinators (figure 61) in
areas with or without electric power. A sidestream
of water is directed to the chlorinator, where it
dissolves the calcium hypochlorite tablet. The
solution returns to the main water line or well.

Figure 61—Erosion-feed chlorinator.

Metered Hypochlorination Systems
Metered hypochlorination systems consist

of a solution tank and chemical metering

pump. Sodium hypochlorite (liquid) or calcium
hypochlorite (solid or powder) make the solution.
Chemical pumps inject the chlorine solution

into the water. A solution tank holds the diluted
hypochlorite (figure 62).

Figure 62—Solution tank and chemical pump.

Chemical pumps may be either electric or water
powered. Water-powered chemical injectors can
work on gravity systems, such as springs, and in
areas without electric power.

The injection point (figure 63) contains a check
valve to prevent water from flowing back into the
chemical tank and injects the chlorine solution
into the middle of the water pipe for rapid mixing.

26



Onsite Chlorine Generators

Onsite chlorine generators (figure 65) make
chlorine by converting a brine solution--sodium
chloride and water—into sodium hydroxide

and chlorine. Water softener salt is dissolved

in a brine tank (figure 66). The saturated brine
solution is mixed with fresh water through a
two-headed metering pump (figure 67) to the
required concentration. The chlorine solution may
be stored in a solution tank and injected into the
water with a chemical metering pump, or injected
directly into the water.

Figure 63—Chlorine injection point.

An electric chemical pump must be
interconnected to the well pump as a safety
factor, so when the well pump does not operate,
the chemical pump will not operate, and if the
chemical pump does not operate, the well pump
will not operate (figure 64).

Figure 65—Onsite chlorine generator.

Figure 64—Electrical controls.
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Figure 66—Brine tank.

Operation and Maintenance
Erosion-Feed Hypochlorinators
Erosion-feed hypochlorinators are simple
devices. A sidestream of water flows through the
chlorinator and dissolves a calcium hypochlorite
tablet or pellets. The chlorinated water is returned
to the main water line or well.

Maintenance check list:
O Check the level of the chlorine tablets or
pellets. Add more tablets as needed.

O Check for scale or calcium buildup in the
chlorinator. Clean the chlorinator when
scale or calcium sediment is visible.

0 Check for the chlorine tablets or pellets
bridging or binding. If the chlorinator
contains hypochlorite tablets, but no
chlorine residual is present in the water,
the tablets or pellets may be binding in the
chlorinator.

Adjust the chlorine dose by increasing the
amount of water that flows through the
chlorinator. Follow manufacturer’s directions for
adjusting the water flow and chlorine dose.

Calcium hypochlorite or high test hypochlorite
is a strong oxidizer (figure 68). Wear personal
protective equipment when handling this product.
Follow guidelines published in the product’s
material safety data sheet. Care must be
taken when transporting and storing calcium
hypochlorite to keep it away from organic
materials, petroleum products, fats, and oils.
A very hot fire may start if oils come in contact
with calcium hypochlorite. Store the tablets in
a sealed container in a cool place to prevent
moisture from contacting the tablets.

Figure 68—Calcium hypochlorite tablets.
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Calcium hypochlorite is available as a fast-
dissolving powder or pellets that can be dissolved
in a solution tank and metered into the water.
Calcium hypochlorite is available as 65 to 75
percent chlorine.

Hypochlorination Systems

Figure 69 shows a hypochlorination system.
Sodium hypochlorite (figure 70) is diluted in the
solution tank, and the metering pump injects the
solution into the water system. Small chemical
metering pumps are usually sealed and cannot
be repaired. They must be replaced if not
functioning correctly.
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Figure 69—Hypochlorination system.

Figure 70—Sodium hypochlorite.

Maintenance checklist:
3 Change the oil and lubricate the
moving parts per the manufacturer’s
recommendation.

0 Check for sediment and scale buildup
in the solution tank and tubing. Remove
accumulated sediment when changing
chlorine solution. Wash the tank with
vinegar and pump vinegar through the
tubing to remove scale, as needed. Rinse
the tank and tubing thoroughly before
putting chlorine solution back in the tank.

0 Recommend installing an inline indicator
in the tube, so it is visually apparent that
chlorine is being injected.

3 Check for and fix any leaks.
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Metering pumps are sized to deliver a chlorine
dose based on well-pump capacity, chlorine
demand, and solution strength.

Well-pump capacity is the rate that the well
pump moves water while it is pumping. If a
flowmeter is between the pump and a water
storage tank, the pump capacity can be read
directly from the flowmeter. If the flowmeter is
after the tank (figure 71), calculate the pump
capacity as follows:

Open a valve until the pump starts, then turn
off the valve. Time how long the pump runs.
Then open a valve and read the flowmeter
and time how long it takes for the pump to
start again.

For example:

If the flowmeter reads 5 gallons per minute
(gal/min), and it takes 30 minutes (min) to
start the pump, and the pump runs for 15 min
to refill the tank, then:

Pump capacity =

(5 gal/min x 30 min)/15 min = 10 gal/min

Figure 71—Flowmeter after pressure tank.

If there is no flowmeter, the pump capacity must
be measured. To find the capacity of a pump with
a pressure tank, open a valve until the pump
starts. Immediately close the valve and time how

long the pump runs. Then carefully fill a 1-gallon
(gal) container and dump it, count the number of
fill/dump repetitions until the pump starts.

For example:

If the pump run time is 3 min, and it takes 30 gal
to start the pump (30 fill/dump repetitions), then:
Pump capacity = 30 gal/3 min = 10 gal/min

Demand refers to everything in the water that
chlorine reacts with. Chlorine reacts with many
impurities found naturally in water. Enough
chlorine must be added to the system to meet
the demand before a free chlorine residual is
achieved. Free chlorine protects the water in the
distribution system from bacterial contamination.

Iron, ammonia, organic material, and sulfur
compounds consume free available chlorine.

Use the results from the initial water test to
approximate the water’s chlorine demand. Iron
consumes 1 milligram per liter (mg/L) chlorine for
1 mg/L iron. Sulfur consumes 3 mg/L chlorine for
1 mg/L sulfur.

For example:
If the well water has 2 mg/L iron, and 1 mg/L
sulfur, and a 1 mg/L residual is desired, then:

(2mg/Liron)x1 =2mg/L CI?
(1 mg/L sulfur) x 3 =3 mg/L CI?
Desired residual =1 mg/L CI?

Dose =6 mg/L CI?

The strength of solution in the chlorine solution
tank also must be known.

If undiluted 5.25 percent sodium hypochlorite
(bleach) is used, and the well pump capacity is
10 gal/min, and the estimated dose is 6 mg/L CI?,
then:

[(10 gal/min) x (6 mg/L) x 1,440]/ 52,500 =
1.6 gallons per day (gal/day), 6.23 liters per day
(L/day), or 0.6 milliliter per minute (mL/min)




In this example, select a metering pump sized for
3 gal/day (or 1 mL/min). The initial setting would
be 1.6/3 x 10 = 5.3 on a 10 position dial.

Size the meter pump to operate near its midpoint
(the point where the pump operates most
efficiently, while allowing room to adjust the
dose).

Adjust the initial setting to keep the chlorine
residual throughout the distribution system.
During the period of lowest water use, test
the chlorine residual at the farthest tap in the
distribution system. If no chlorine is detected,
increase the chlorine dose. Caution—assure
that the tap closest to storage tank does not
have too much chlorine if the chlorine dose is
increased.

Sodium hypochlorite (liquid bleach) is available
in 5.25 to 12.5 percent chlorine concentration.
Sodium hypochlorite can lose up to 4 percent of
its available chlorine content per month. Most
manufacturers recommend a shelf life of

3 months.

Onsite Chlorine Generation
Onsite chlorine generators use a saltwater brine
solution to make chlorine. Saltwater is pumped
through an electrolytic cell to make chlorine
gas, sodium hypochlorite, or hypochlorous acid
depending on the brand of generator. Store the
liquid hypochlorite solution in a solution tank and
meter it into the water system. The chlorine gas
or liquid hypochlorite may be injected directly into
the water system. Directly injecting the chlorine
into the water system requires a chlorine monitor
to control the chlorine dose.
Maintenance checklist:

* Check the salt level in the brine tank. Add

salt as needed.

* Check the flow through the cell. Clean the
orifice if the flow is too low.

* Because the electrolytic cell is subject to
scale buildup in hard water, acid wash or
return to the manufacturer for cleaning
periodically.

» Check the percent chlorine produced.
Collect 1 mL chlorine from the cell.
Dilute with 50 mL water. Test for chlorine
concentration.
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FILTRATION

Filtration is the process of removing
contaminants from water. Different filters remove
specific contaminants. Sand-separation filters
(figure 72) remove coarse, heavy particles. Bag
and cartridge filters remove coarse particles
down to 1-micron sized (very fine) particles. They
are available as large or small filters (figures 73
and 74).

Figure 73—Large bag and cartridge filter housings.

_— i

Figure 72—Centrifugal type filters remove heavy
particles, such as sand, by spinning the water to
create a vortex.

Figure 74—Small cartridge filter.
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Bag filters are supported in a basket (figures 75
and 76) to prevent them from breaking. Remove
and discard spent bag and cartridge filters (figure
77).

Figure 77—Used bags are discarded.

Rapid sand filters can be manually or
automatically backwashed (figure 78).

Figure 75—New bag and support basket.

Figure 78—Manually backwashed rapid sand filter.

Install pressure gauges or a differential gauge
before and after the filter (figure 79). Replace
or backwash filters when the difference in water
pressure entering the filter is much higher

than the water leaving the filter. This is called
differential pressure. Different filter brands are
rated for different flows and differential pressure
tolerances. Replace or backwash the filter
before it ruptures or dumps particles back into the
water. Refer to the operation and maintenance
manual for information on flow, pressure, and
replacements parts.

34



e Post
S i

Figure 79—Pressure gaugesinstalled before
and after a bag filter.
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SAMPLING AND TESTING

Potable (drinking) water must be tested to
ensure that the water is safe to drink. The water
source originally is tested for many contaminants
to ensure that it is safe to drink. Small water
systems that are disinfected must be tested

for chlorine residual. All USDA Forest Service
potable water systems must be tested for
bacteria a minimum of once a month. All public
water systems must be tested annually for nitrate
and nitrite. Additional tests may be required for
larger systems. Figure 80 shows water being
tested for chlorine residual. Figure 81 shows a
typical chlorine test kit.

Figure 80—Chlorine residual test.

Figure 81—Chlorine test kit.

Broken or leaking water lines, cross connections,
or debris in storage tanks can cause unhealthy
drinking water.

Figure 82 shows a valve leaking under water. A
loss of water pressure can suck the muddy water
into the distribution system.

L ] & . - ﬂ
Figure 82—Leaking valve under water.

Figure 83 shows a hydrant without an
atmospheric vacuum breaker. A loss of water
pressure can cause water in the hose to be
sucked into the distribution system. Threaded
hose bibs must be equipped with an atmospheric
vacuum breaker as shown in figure 84.

37


jmartin
Typewritten Text

jmartin
Typewritten Text

jmartin
Typewritten Text

jmartin
Typewritten Text

jmartin
Typewritten Text

jmartin
Typewritten Text

jmartin
Typewritten Text


The water source may become contaminated.
Leaking vault toilets too close to a well may
contaminate the ground water. Improperly
abandoned wells may cause ground water
contamination. Improperly sealed wells and
springs can cause water contamination.

Figure 85 is a spring source contaminated with
insects, rust, and leafy debris. An ill-fitting lid and
deteriorated gasket caused the contamination.
Figure 86 shows a rodent being removed from a
water tank.

Figure 83—Missing atmospheric vacuum breaker. Figure 85—This spring had insects, rust, and debris in
the water.

Figure 84—Atmospheric vacuur.'n breaker.

Figure 86—Tank contaminated by a dead rodent.
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Pages 39 to 47 are deleted.
The original content is obsolete.
Regulatory issues have been updated.
See LearnH20 pages for the updates.



Every USDA Forest Service water system must
be entered in the USDA Forest Service Data
Base (INFRA) for upward reporting requirements.
The data must be kept up to date.

For every USDA Forest Service public water
system, maintain at the site or at the district office

(CFR

141.33):
Bacteriological tests for 5 years.

Chemical analysis for at least 10 years.

Records of violation and corrective action
for 3 years.

Sanitary surveys for 10 years.

Records of variances or exemptions for
5 years following the expiration of the
variance or exemption.

Any other information required by the
primacy agency.

Checklist

O Where is the permanent case folder?

O Is the permanent case folder up to date?

O Who is the regional environmental
engineer or water/wastewater engineer?

O Is the system entered into INFRA?

O Is the INFRA data current and complete?

O Where are the system operation files?

3 Are the system operation files current and
complete?
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MATH REVIEW
Most math problems a water treatment plant
operator solves requires plugging numbers into
formulas and calculating the answer. When
working with formulas, here are some simple
rules to follow.

» Work from left to right.

* Do anything in parenthesis first.

* Do multiplication and division in the
numerator (above the line) and in the
denominator (below the line), then do
addition and subtraction in the numerator
and denominator.

* Divide the numerator by the denominator
last.

Volume

The volume of a tank in cubic feet is equal to

the tank area multiplied by the tank height. The
capacity in gallons is equal to the volume in cubic
feet multiplied by 7.48 gallons per cubic foot.

For a rectangular tank:
To find the capacity of a rectangular or square
tank:

Multiply length (L) by width (W) to get area (A).
Multiply area by height (H) to get volume (V).

Multiply volume by 7.48 gallons per cubic foot to
get capacity (C).

A=LxW
V=AxH
C=Vx7.48

Find the capacity of a rectangular tank 15 feet (ft)
long, 12 ft wide, and 10 ft high:

A =15 ft x 12 ft = 180 square feet (ft?)
V =180 ft2 x 10 ft = 1,800 cubic feet (ft?)
C =1,800 ft* x 7.48 gal/ft® =13,464 gal

[} 13 4l a5l

For a circular tank:

Area (A) =

7 (3.14) x diameter squared (D?) / divided by 4
Volume (V) =AxH

Capacity (C) =V x 7.48 gal/ft?

A = [mx(D?/4]
V = AxH
C = Vx7.48
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Find the capacity of a circular tank with a
diameter of 15 ft and a height of 12 ft:

A = [3.14 x (15 ft?)/4] = 177 ft?
V. = 177 ft2x 12 ft =2,120 ft?
C = 2,120 ft* x 7.48 gal/ft* = 15,900 gal

The capacity in gallons of a circular tank can also
be written as one formula:

Cpu= (mX D?)/4 xH x 7.48
= (3.14 x 15 ft2)/4 x 12 ft x 7.48 gal/ft®

= 15,900 gal
**Your answer may vary slightly due to rounding

& =13 T}

e \

Vo= 15,862 Gial H=12

Find the capacity in gallons of a horizontal
circular tank that has a diameter of 8 ft and is 12

ft long.

A = (mxD?/4=(3.14 x 8 ft?)/4 = 50 ft?

V = AxL=50ft2x12ft=603 ft3

C_ = Vx7.48 gal/ftd =603 ft* x 7.48 gal/ft®

gal

4,512 gallons

A S0k i i

For an oval tank:
To find the gallons in an oval tank:

Multiply the height by width by = (3.14) divided
by 4 to get the area of the oval.

Multiply the area of the oval by tank length to get
the volume in cubic feet.

Multiply the volume by 7.48 gal/ft® to get the
capacity in gal.

Find the capacity of an oval tank 3-ft high, 5-ft
wide, and 8-ft long.

A = HxWxw/4
= 3ftx5ftx3.14/4
= 11.8 ft?

AxL
= 11.8ft2x 8 ft
= 94 ft

V x 7.48 gal/ft?
= 94 ft3 x 7.48 gal/ft?
= 705 gal

The capacity of an oval tank can also be written
as one formula:

C (Hx W x 3.14/4) x L x 7.48 gal/ft?
(3 ft x 5 ftx 3.14/4) x 8 ft x 7.48 gal/ft?
705 gal
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Capacity, Metric

The capacity of a tank in cubic meters (m?3) is
equal to the tank area multiplied by the tank
height. The volume in kiloliters (kL) is equal to the
volume in m?® multiplied by 1 kL/ m3. 1 kL is equal
to 262.4 gal.

To find the volume of a rectangular or square
tank:

Multiply length by width to get area.
Multiply area by height to get volume.
1 m3is equal to 1-kL volume.

Find the volume of a rectangular tank 3-m long,
2-m wide, and 2-1/2-high.

A = area, Square meters (m?)

V = volume, cubic meters (m3)

L = length, meters (m)

W = width, meters (m)

H = height, meters (m)

V = volume, cubic meters (m3)

C, = capacity, kiloliters (kL)

A = LxW = 3mx2m = 6m?
V. = AxH = 6m?x25m = 15 m?
C, = 15kL

kL

These steps can be combined in one formula:

C,.= LxWxHx1klL/m?
= 3mx2mx25mx1kL/m
= 15kL
P>
-~ ~

Concentration

Concentration is usually expressed as milligrams
per liter (mg/L), or parts per million (ppm).
Because the weight of 1 cubic centimeter

of water is 1 gram, and there are 1 million
milligrams in one liter of water, water treatment
operators can use these terms interchangeably.

Feed Rate

Feed rate is the amount of chemical metered
into the water. Chemical feed rate needs to be
calculated when selecting a metering pump,
when a change in concentration is needed, and
to ensure that an adequate amount of chemicals
are on hand for uninterrupted operation.

To calculate feed rate the basic formula (pounds
formula) is:

Feed rate (pounds per day, Ib/day) = flow (million
gallons per day, mgd) times dose (milligrams per
liter, mg/L) times 8.34 pounds per gallon.

The pounds formula is also used to determine
how much liquid solution, such as sodium
hypochlorite, is needed.

Sodium hypochlorite (chlorine bleach) is available
in strengths from 5 to 15 percent. To determine
how much you need to disinfect a tank, you must
know the strength.

The pounds formula for liquids is:

Gallons needed = (amount of water to be treated
divided by 1 million) x required dose (mg/L) x
100/solution strength (in percent).

To find the amount of hypochlorite to use, multiply
tank volume in gallons/1,000,000 times the
desired chlorine dose in mg/L divided by solution
strength, percent.

To find the amount of 5 percent hypochlorite to
use in a 13,500-gallon tank to achieve a chlorine
dose of 50 mg/L:

13,500 gallons/1,000,000 x 50 mg/L x 100 /5 =
13.5 gallons hypochlorite
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To find the amount of 5 percent hypochlorite to
use in a 13,500-gallon tank to achieve a dose of
1 mg/L:

13,500 gallons/1,000,000 x 1 mg/L x 100/5

= 0.27 gallons, or about one quart sodium
hypochlorite.

To find how much 5.25 percent hypochlorite is
needed to disinfect 1,000 gallons at a dose of 2
mg/L:

Gallons of hypochlorite needed

= (1,000 gal/1,000,000) x 2 mg/L x (100/5.25)
=0.038 gallons, about 5 ounces

To find how much 5.25 percent hypochlorite is
needed to disinfect a well with a 12-inch casing
and static water level of 50 feet with a 50-mg/L
dose, you must first find the volume (V) of water
to be treated.

V= (mxD?/4 xHx7.48
V= (3.14 x 1 ft?)/4 x 50 ft x 7.48
=294 gal

Amount of hypochlorite needed
= (294 gal/1,000,000) x 50 ppm x (100/5.25)
=0.28 gal, about 1 quart.

Equivalents
There are 4 quarts in a gallon,
so 1 quart = 0.25 gallon.

There are 16 cups in a gallon,
so 1 cup = 0.0625 gallons.

There are 128 fluid ounces in a gallon,
so 1 ounce = 0.0078 gallons.

1 teaspoon =5 mL
1 fluid ounce = 30 mL
1 quart = 0.95 liters
1 gallon = 3.8 liters
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DEFINITIONS

Air Gap—An open vertical drop that separates
a potable drinking water supply from any other
water.

Alkalinity—The capacity of water to neutralize
acids.

Anaerobic—A condition in which atmospheric or
dissolved molecular oxygen is not present in the
aquatic environment.

Aquifer—A natural underground layer of porous,
water bearing material (sand, gravel) usually
capable of yielding a large supply of water.

Artesian—An aquifer where the water is under
pressure and will rise above the level of its upper
confining surface if given the opportunity.

Backflow—A reverse flow condition, created

by a difference in water pressures that causes
water to flow back into the distribution pipes of a
potable water supply from any source other than
the intended source.

Backsiphonage—A form of backflow caused by
a negative pressure within a water system.

Chlorinator—A metering device which adds
chlorine to water.

Chlorine Residual—The concentration of
chlorine present in water after the chlorine
demand has been satisfied.

Clear Well—A reservoir for storage of treated
water.

Coliform—A group of bacteria found in the
intestines of warm-blooded animals and also in
plants, soil, and air. Fecal coliform is a specific
class of bacteria found in the intestines of warm-
blooded animals.

Confined Space—A confined space is a space
that:
* Is large enough and configured such that
an employee can bodily enter and perform
assigned work; and

* Has limited or restricted means of entry or
exit; and

* Is not designed for continuous employee
occupancy. (CFR Title 29 Part 1910.146).

Confined Space, Permit-required Entry—A
confined space that has one or more of the
following characteristics:
+ Contains, or has the potential to contain, a
hazardous atmosphere

+ Contains a material with the potential to
engulf or entrap an entrant

* Has an internal configuration such that an
entrant could be trapped or asphyxiated by
inwardly converging walls or by a floor that
slopes downward and tapers to a smaller
cross-section

» Contains any other recognized serious
safety or health hazard. (CFR Title 29 Part
1910.146)

Contamination—The introduction into water of
a toxic material, pathogenic organism, or other
deleterious agents that makes the water unfit for
its intended use.

Cross Connection—A connection between a
potable water system and an unapproved water

supply.

Cryptosporidium—A waterborne intestinal
parasite that causes diarrhea and cramps that
can be present in surface water.

Diatomaceous Earth Filter—A precoat filter
using a fine siliceous material composed of the
skeletal remains of diatoms approved for treating
surface water.
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Draw Down—The drop in water level when water
is being pumped from a well.

EPA—The U.S. Environmental Protection
Agency is a regulatory agency responsible for
implementing the Safe Drinking Water Act.

Fractures—A crack or opening in the surface
of the earth that allows surface water to enter
subsurface water.

Frost Line—The lower ground depth of frost
penetration.

Giardia—A waterborne intestinal parasite that
causes diarrhea and cramps that can be present
in surface water.

Gravity Storage Tank—Water storage tanks that
provide water system pressure by gravity.

Ground Water—Water in an underground
aquifer.

Ground Water Under the Direct Influence of
Surface Water—A ground water contaminated
with surface runoff such as through fractures,
improper well closures, or mining activity.

Hardness—A characteristic of water caused
primarily by calcium and magnesium ions.
Hardness causes deposits and scale to form on
pipes and fixtures.

Iron—Metallic element number 26. This metal
causes a rust stain and metallic taste when
present in water in concentrations above 0.3
milligrams per liter.

Jet Pumps—A pump that utilizes a venturi effect
to move water.

Manganese—This metal causes black stains
and a metallic taste when present in water in
concentrations above 0.05 milligrams per liter.

Nephelometric Turbidity Units (NTU)—The
units of measure of turbidity, as made with a
turbidimeter.

Nonpublic Water System—A potable water
system that does not meet the definition of a
public system.

Pollutants—Organic or inorganic material that
deteriorates the water’s quality.

Public Water System—A potable water system
that serves at least 25 people at least 60 days a
year or has at least 15 service connection.

Residual Chlorine—The concentration of
chlorine present in water after the demand has
been satisfied.

Safe Drinking Water Act—An Act passed by the
U.S. Congress in 1974, administered by the EPA.
Referred to as the SDWA.

Sanitary Protection—Any means of protecting
water from contamination.

Sanitary Seal—A wellhead cover used at the top
of the well casing to prevent contaminated water
or other material from entering the well.

Sanitary Survey—A detailed evaluation or
inspection of a source of water supply and all
treatment, storage, and distribution facilities to
ensure protection of the water from all pollution
sources. A sanitary survey must be performed by
a qualified engineer.

State Regulatory Agency—The State agency
with regulatory authority over public water
systems.

Surface Water—Water on the surface of the
earth such as in lakes, rivers, or streams.
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Turbidity—A condition in water caused by the

presence of suspended matter, resulting in the

scattering and absorption of light rays, reported
as NTUs.

Water Table—The upper surface of the zone
of saturation of ground water in an unconfined
aquifer.

Wellhead Protection Area—The surface
and subsurface area surrounding a water well
protected from potential contamination.

Yield—The quantity of water that can be
collected from a water source. Example: a spring
may yield 10 gallons per hour.

Zone of Saturation—The level below the top of
the ground water table.
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Pages 58 to 84 are deleted.
Appendix A and B are obsolete.
Public Notification, Sampling Plan, and
Monitoring Plans have been updated.
See LearnH20 pages for the updates.

Appendix C and D follow.



APPENDIX C—VULNERABILITY ASSESSMENT
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VULNERABILITY CHECKLIST

Water systems may use this checklist to review their vulnerability to potential threats. Critically
evaluate your water system from top to bottom, possibly with the assistance of law enforcement
rangers. After personnel identify weaknesses, develop short and long-term plans that address security
lapses.

Water System being evaluated:

Date of evaluation:

Person(s) performing evaluation:

1) Is there an emergency/contingency plan in place? Yes O No O
2) Is there a routine monitoring plan in place? Yes O No O
3) Is there a security plan in place? Yes O No O
4) Is there a cross connection control program in-place? Yes O No O

5) Are any of these problem areas for the well or surface water source(s)?

Easy access

Gates unsecured

Located in remote area

Area too large to monitor

Poor quality locks

Broken or unsecured well caps

000000
QQOQ00OQE

Possible solutions:

Restrict access to roads

Install gates/locks

Review water shed protection plans

Communicate with other departments/security who can monitor the area

Contact Public Health Consultant for assistance with an emergency preparedness plan
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6) Are any of these problem areas for the well house/pump station(s)?

Yes No
Doors unlocked/unsecured o O
Windows unlocked/unsecured O O
Located in remote area o ©)
Poor quality padlocks O O
Easily accessible by vehicles O O

Possible solutions:

Install fencing, upgrade locks

Install security cameras or motion detectors
Monitor pump station daily

Restrict vehicle access with gates/barricades

7) Are any of these problem areas for the treatment system?
Yes

Multiple unsecured doors
No Check-in policy for visitors
Easily broken windows
Accessible equipment
Deliveries/drivers checked not checked-in
Unsecured chemical storage

OO0 Q0000O0
Q00000 O0[E

Unlocked gates/fencing

Possible solutions:

Install fencing and upgrade locks

Install security cameras or motion sensors

Place signs that direct visitors to one entry

Implement policy to lock all doors and gates when no workers are present
Install bars and grills over windows

Check-in all deliveries

8) Are any of these problem areas for the storage and distribution systems?

Yes No
Storage tanks - unfenced O O
Storage tank ladders accessible O O
Storage tank upper hatch unlocked ©) O
Manhole and valve pits unsecured O O
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Possible solutions:

Install fencing and upgrade locks

Inspect all manholes, vaults, hatches and meter boxes for signs of tampering
Restrict climbing access to all storage tanks

Secure vents, overflows and hydrants

Work closely with park security to monitor components of distribution system

Additional Comments:
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