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• Hydrograph

• Hydrological Event

• Infiltration Gallery

• Parshall Flume

• pH

• Raw Water

• Riparian

• Sanitary Survey

• Short Circuiting

• Stream Reach

• Thermocline

• Velocity

• Water Quality Survey

• Weir
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Watershed Management Policy
There are two basic watershed use policies: multiple
use and restricted (single) use. The watershed
management policy is set by the utility policy-making
body and may be included in the utility ordinance. It
is the responsibility of the utility manager and
operations personnel to implement the policy.

Multiple Use Policy
Description

The multiple use policy is the most popular because it
places the least amount of restrictions on the types of
activities allowed in the watershed. One of its major
advantages is that it makes it easier to obtain support
for funding to make improvements to intake
structures and impoundments. Its major disadvantage
is the difficulty it places on the utility in the protection
of public health. Multiple use watersheds normally
have a higher level of activity than single use and
there are more people in the watershed. People are the
largest carrier of waterborne diseases.

Long Term Results

The U.S. Forest Service and BLM have historically
practiced multiple use policies with watersheds. In many
cases this policy has placed various uses, such as
logging and maintaining drinking water quality, in
conflict with one another. In recent years a restricted use
policy with some watersheds has gained in popularity.

Restricted Use
Description

The restricted use policy is also called the single use
policy. Under this policy the watershed is managed for
water quality and quantity as the specific use. The major
advantage of this policy is that it normally produces the
highest quality of water and offers the best results in
protecting public health. There are two major
disadvantages. One is the increased cost and effort
needed in surveillance of the access into the watershed
as well as surveillance of the watershed itself. The
second major disadvantage is the public relations
problems associated with restricting recreational users
and tourists that wish to use the watershed.

Alterations

In most cases where a restricted use policy is in
effect, there has been some alteration of the policy to
allow limited use of the area for recreation and thus
reduce the negative public relations associated with
total restriction. One example is a community that
gives a set number of access permits to the
watershed during hunting season.

Use Agreements
Results
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If the utility does not own the watershed, it must have
a use agreement with the owner(s). Failure to have a
written use agreement places the utility at risk of
having the watershed damaged by activities such as
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owner from removing significant amounts of water
from the source, thus limiting its beneficial use.
Reasonable Doctrine

Because the “natural flow” rule makes it impossible to
obtain beneficial use of the water, most jurisdictions
have adopted what is called the “reasonable use
doctrine.” Under this doctrine the lower riparian
owner is entitled to protection from diversions by
upper riparian owners that could adversely interfere
with the lower owner’s use of the water. This doctrine
provides flexibility in water allocation and provides
more water for beneficial use.

The Downside

Once an owner begins using water, there is no
guarantee water will be available in the future. If
upper riparian owners begin using more water for
beneficial use, the lower owners are limited in what is
available. The major drawback to this doctrine is the
inability of anyone, other than riparian owners, to
obtain water for beneficial use.

Appropriation Doctrine
Source of Doctrine

The pioneers of the west needed vast amounts of
water for mining, farming, and logging. As a result
they would at times use force to “appropriate” the
water they needed. The current appropriation doctrine
used by most western states utilizes a first-in-time,
first-in-line appropriation of the water from a lake or
stream. That is, anyone may obtain all the water they
need for a beneficial use as long as they do not
prevent users whose right is dated prior to theirs from
obtaining all the water they need.

Quantity Assigned

In most of the western states the quantity of water an
individual or organization can take from a water
course is based on their ability to show they will use
the quantity stated for a beneficial use. What
constitutes a beneficial use varies from state to state,
but can include recreation, domestic use, farming,
municipal use, mining, fisheries, etc.

Correlative Rights
Origin

When some of the western states were admitted to the
Union, they adapted the common law of England
which included the riparian doctrine. This doctrine so
severely limited the ability of the pioneers to put water
to a beneficial use, especially for irrigation in
California, the water rights for irrigation were changed
to correlative rights, which is similar to the reasonable
use doctrine.

Structure

Under the correlative rights doctrine, the amount of
water a user may take from the stream is dependent
upon the needs of all the users. This system considers
riparian and non-riparian land that can be served by
the watercourse.
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Pueblo Rights
Spanish Law

Several of the western states were under Spanish or
Mexican control prior to becoming part of the United
States. In these areas early settlers established
pueblos (municipalities) and adopted Spanish water
rights laws. Under these laws the pueblo has a right to
any and all water it needs that is “adjacent” to the
pueblo. The only constraints on the distance the
pueblo can go from the pueblo to obtain water is
based on practical engineering. San Diego and Los
Angeles have such water rights. These rights, because
they existed prior to state hood, take priority over
riparian and appropriation rights.

Application of Rights to Utilities
Domestic Use

Except in very few cases, domestic use of water
takes precedence over all other beneficial uses
throughout the United States, its territories, and
protectorates. In many cases the states have made it
easy for an individual to protect the water they need
for domestic use.

Obtaining a Water Right

In most states, the state has set specific procedures
for obtaining and holding a water right. Obtaining a
water right requires the individual, municipality, or
organization to make an application to obtain a right
to use a specific quantity of water for a stated
beneficial use, pay a fee, and obtain a “permit” to
build an intake structure to obtain water. Once the
water is being used, in the quantity stated and for
the beneficial use stated, the user provides the state
with proof and obtains a documented right to use
the water.

Municipalities

In some states, such as Oregon, a municipality may
apply for and obtain a permit to use water in the
future. The date the permit is issued determines
where the municipality ranks in the appropriation.

Available Water

Obtaining a permit or a water right in an
appropriation state does not guarantee the user will
obtain water. During periods of low flow, the older
rights have prior claims to the water. In addition,
there may be more rights issued by the state than the
stream can supply at low flow. While this problem is
being addressed by most of the states, it is not
unusual to find a stream has been over appropriated
by two or three times its low flow.

Minimum Flow for Fisheries

In many of the western states, the state fisheries
agencies have established minimum low flows on
streams. These low flows are intended to provide a
minimum supply of water to meet the needs of the
aquatic life. A minimum flow in these states acts
like a water right. Its priority in the system is the
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quality of discharges allowed and notification
procedures for accidental spills. In each state the
quantity and quality of the discharge is controlled
through a discharge permit issued by a state agency.
• Agreements with other potential polluters that they
will notify the utility in case of a spill.
• Agreements with the agencies who regulate water
quality, including provisions of what level of
pollution is allowable.
Small Watersheds

If the watershed is small enough, the utility can either
obtain ownership or develop written agreements with
the landowners specifying the types of activities
allowed in the watershed. This process must be
provided for in the utility ordinance and addressed in
the comprehensive plan. In addition, the land-use
planning, as described in the comprehensive plan,
should be designed to limit activities in the watershed
to those that have the least potential to cause
pollution or reduce the quantity of water.

Spill Response Plan
Purpose

One of the components of the source protection plan
is an action plan for responding to spills of
contaminants within the watershed. The plan is a
written document containing step-by-step actions that
will protect the customers from illness due to a spill.

Components

There are two major components to a spill response
plan:
• Vulnerability Analysis
• Action Plan
The vulnerability analysis provides documentation of
the potential sources of contamination and the
probability of occurrence of a spill from each. The plan
contains one or more action plans that address the
specific actions to be taken to protect the customers
from those contaminants that pose a health hazard
and have a high potential to spill into the sources.

Not All Addressed

The plan does not address all possibilities or all
sources of contamination. If there is a one in one
million probability of occurrence of a specific
contaminant, it may not be necessary to develop an
action plan. However, if the contaminant provides a
significant health risk, then an action plan may be
desirable. The determination of which action plans to
develop is based on the vulnerability analysis.
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Nutrient Budget

The amount of nutrients in a watershed affects the
growth of vegetation as well as impacting algae growth
in streams and reservoirs. Algae growth in streams,
rivers, and reservoirs can impact the level of dissolved
oxygen and odor and taste of the water.

Wildlife Budget

Most watersheds are a delicately balanced ecosystem.
The wildlife is a part of that ecosystem and can have
positive and negative impacts on water quality.
Wildlife can be a positive contribution to recreational
activities while at the same time contribute to
increases in pathogenic organisms such as Giardia.

Water Budget

Of all the budgets, the water budget has the greatest
impact and is the most important to the waterworks
operator. The water budget’s two main components
are precipitation and stream flows. In well run water
systems that utilize surface water, both of these
components are routinely measured and analyzed.
Also, it is becoming common for systems utilizing
groundwater to measure the precipitation in the
recharge area.

Data Collection
Baseline Data

The initial gathering of physical information, observing
the impact of the budgets, precipitation data, flow
data, and water quality data are called baseline data.
This data is essential for long term planning and
determining the impact of activities in a drainage
basin. Baseline data collection is part of a well run
watershed management program.

Large Streams

The approach described below is based on the
assumption that the watershed is small enough to be
managed by the utility. If the utility is obtaining water
directly from a large river such as the Mississippi, it is
not feasible to apply this process as described. In this
case, an attempt should be made to manage the water
quality “one day” upstream from the intake. “One day”
is the distance water will normally flow in a days time.

Physical Information
Using the Map

The development of a master map of the watershed is
a part of initial baseline data collection. This map will
contain much of the information needed to assist in
managing the watershed. Below are some of the items
that should be included on the map:
• Outline of the watershed.
• Order of the stream segments.
• Identification of the various owners of land within
the watershed.
• All roads and railroads within the watershed are
clearly marked.
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• Observations - This requires a physical, on-site visit
to the watershed. It requires observation of as much
of the watershed and stream bed as is reasonable.
The observations include looking for natural or
man-made activities that can impact water quality.
• Evaluation - Evaluation of the WQS is an attempt
to compare an analysis of the data from step one
with physical observations. This is done in order to
draw conclusions about the stability of the
watershed and its ability to produce high quality
water and produce the quantity of water required
to meet customer needs.
• Documentation - The final phase of the WQS is the
preparation of a report that summarizes the data
findings and the evaluations. Most reports also
include recommendations of actions that may
improve water quality, as well as identification of
items or areas that should be looked at closely in
the future.
Inorganic Samples

Once each year a raw water sample should be
collected and tested for inorganic constituents. The
results should be compared against the SDWA
contaminant list. Any levels above the existing MCLs
will require treatment. If it is believed that the level of
any of these constituents will vary from quarter to
quarter, then this testing should be completed once
each quarter.

Organic Samples

Once every three years for small systems and once each
year for large systems a sample should be collected and
tested for organic constituents. The results should be
compared against the SDWA contaminant list. Any
levels above the existing MCLs will require treatment. If
it is believed that the level of any of these constituents
will vary from quarter to quarter, then this testing
should be completed once each quarter.

Analysis

If the test results for organic and/or inorganic
constituents are above the MCL limits or the water
quality criteria, a review of upstream activities should be
initiated to determine the source of the contamination.

Agreements

Once each year the water use agreement and
watershed management policies should be reviewed
and updated as necessary.

Water Rights

Once each year it is advisable to review the water
rights requirements and compare them to actual use.
Most water rights require the holder of the water right
to use a specific amount of water for a specific use.

Records

Storage of all records associated with water quality,
any sanitary surveys completed on the water system,
as well as water quality survey reports must be readily
available and maintained for ten (10) years.
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Dam Inspection
Federal Requirements

The Federal Guidelines for Dam Safety established in
1979 require all dams greater than six (6) feet in
height be inspected by a qualified engineer at least
once every five (5) years.

Annual Inspection

In addition to the Federal requirements, it is advisable
for the utility to have a professional engineer perform
an annual inspection of the dam and associated
structures. This inspection should include:
• Condition of concrete
• Identification of any cracks, noting their length and
width
• Presence of rust stains that could indicate internal
corrosion of the rebar
• Exposure of the rebar
• Spalling
• Misalignment at joints
• Erosion of the floor of spillways
• Condition of valves and gates
• Condition of handrails and walkways
• Leakage of joints, under or around the dam
• Clarity of water from the weep hole drains

Routine Operation of Reservoirs
Introduction

Normal operation of a surface water reservoir is
composed of making observations, planning for the
future, collecting and analyzing data, and comparing
the information to previous years.

Frequency

The frequency of inspection and data collection is
dependent upon the vulnerability of the structure to
vandalism and/or operational failure. Below is a
suggested “typical” frequency of inspection,
observation, and data collection for small dams.

Daily Tasks

The following inspections and tests should be
performed on the dam and/or stored water on a
daily basis:
• pH
• Temperature
• Turbidity
• Clarity (Clarity is tested using a Secchi Disk. This is
a one foot diameter metal disk; one-half is painted
black and the other half white. The disk is lowered
until it cannot be seen and the depth recorded.)
• Vandalism
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• Water level behind the dam
• Quantity of water going over the spillway
Weekly Tasks

In a very small system all of the daily tasks can be
performed weekly.

Quarterly/Seasonally

At least once each season it is desirable to test the
water quality by developing profiles (top to bottom at
10 foot intervals) at key locations in the reservoir for
the following parameters:
• pH
• Temperature
• D.O.

Annual Tasks

At least once a year the following tasks should be
performed: (In larger systems many of these tasks
should be performed quarterly.)
• Inspect the condition of all concrete structures
• Photograph and describe any damage to the
structure
• Identify the quantity of vegetation growth on the
edges of the water. Or, remove all vegetation that
could contribute to the deterioration of water quality.
• Exercise and lubricate all gates and valves
• Inspect the condition of walkways and handrails
• Inspect for the potential of ice damage at breakup
• Measure and document the quantity of silt buildup

Every 5 Years
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Once each five years a qualified engineer must be
hired to inspect the dam for structural integrity.
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Pumping Systems
Intakes for small systems often rely on pumping
systems to move the water from the source to the
treatment plant. These systems include end-suction
centrifugal pumps, lineshaft turbines, and
submersible turbines. Details on the operation and
maintenance of these systems are found in the
Pumping Systems section of this text.

Routine Operations – Intakes
Screens

Screens at the intake need to be cleaned as frequently
as necessary to prevent them from becoming plugged.
Where there is a large accumulation of fall leaves,
cleaning may be one or more times a day. Selfcleaning screens should be inspected at least once a
week and lubricated, based on the manufacturer’s
recommendation.

Shear Gates & Sluice Gates

Shear gates and sluice gates should be lubricated at
least once each quarter with a water resistant
grease. Lithium based #2 grease is a common water
resistant grease.

Infiltration Gallery

The flow from the infiltration gallery into the caisson
should be monitored monthly. The rate of the flow
can be used to determine if the stream bed is
clogging. Clogged stream beds can be cleaned by
digging up the gravel over the pipes, washing the
gravel, and replacing it back on top of the screen or
perforated pipe.

Pumps & Motors

Pumps and their related piping should be inspected
daily for leakage. Discharge pressure and flow should
be observed and recorded on each visit, provided that
the pump is running. Pump and motor noise and
vibration should be noted as well as temperature. The
two keys to finding bad bearings are vibration and
temperature. With electric motors the amperage and
voltage should be recorded once each quarter. With
internal combustion engines, the engine oil and air
filters should be changed, based on the
manufacturer’s recommended frequency, but at least
once each quarter in which they operate.

Safety Considerations

When making electrical measurements, be sure to
either use a licensed electrician, exterior panel voltage
and amperage meters, or follow the prescribed
precautions for making electrical measurements.
These precautions include:
• The removal of all jewelry, watches, and metal
rimmed glasses.
• Wear a shirt with tight fitting sleeves.
• Fasten the panel door open.
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Routine Operations
Water Quality

The chemical and biological water quality from the
catchment should be sampled and tested in the same
manner and frequency as any other surface water
source. The recommendations for sampling and
testing are provided above.

Inspection & Cleaning

The tank should be drained, inspected, cleaned with
clean water, and disinfected once each year. The
disinfection can be accomplished by mixing one (1)
gallon of household bleach with water in a five (5)
gallon bucket. The solution can be sprayed or mopped
onto the walls and floor of the basin.

Routine Disinfection

Disinfection can be maintained by adding one (1/4)
cup of bleach to each 500 gallon tank of water.

Screens

The screens on the vent, overflow, and drain should
be inspected once each year. Any damaged or
deteriorated screens should be replaced.

Hatch

The hatch, like the screens, should be inspected
annually and replaced or repaired as necessary.

Roof

The roof of the building should be inspected once each
year for sources of contamination. As various roof
materials deteriorate, they can contribute to increased
levels of contaminants.

Valves

All valves should be located and exercised once
each month.

Primitive Sites

In locations where electricity or technology are limited,
the entire catchment system may be located above
ground, with a gravity flow outlet.

- 101 -

O & M of Small Water Systems

Source Water Assessment Program (SWAP)
Purpose

Virtually every stream, lake, river and aquifer in the
U.S. is used as a drinking water source. As a result,
protecting these source waters from contaminants is
key to protecting public health through ensuring a
clean, safe drinking water supply. The protection of
source water is one of the barriers to entry of
waterborne disease into the drinking water system. In
addition, protecting the source water or improving its
quality reduces treatment cost.

SDWA

The Source Water Protection Program defined in the
1996 Amendments to the Safe Drinking Water Act,
required each state to develop and implement a
Source Water Assessment Program (SWAP). This
program is composed of six steps:
• Delineation of the drinking water source protection
area.
• An inventory of known and potential sources of
contamination within these areas.
• Determination of the susceptibility of the water
system to these contaminants.
• Notification and involvement of the public by
providing them with information on the contaminant
source inventory and what the findings of the
inventory mean to their water system.
• Implementation of management measures to
prevent, reduce, or eliminate threats posed by the
contaminates identified in the inventory.
• Development and implementation of a contingency
(emergency response) plan to deal with water supply
contamination or service interruption emergencies.

Sources Affected

This plan addresses both groundwater and surface
water systems and incorporates the activities and
components found in a “well head protection
program.”

Components in this Text

The delineation, inventory of contamination, and
determination of susceptibility have been addressed in
some detail in this text. The inventory of actual or
potential contamination as well as an assessment of
water quality are addressed in depth. The need for a
contingency plan is also addressed. However, the
development of the plan is considered a management
practice and thus not addressed in this text.

Management Practices

The activities described in this chapter address all but
two of the six steps. The two not addressed are: public
notification and involvement, and implementation of
management practices to prevent, reduce, or eliminate
threats with contamination. As these are both
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considered management practices they have not been
addressed in this text. However, the watershed
management practices described in this text are key
components in the implementation step of the SWAP.
Most Positive Component

One of the most positive aspects of the SWAP program
is the management requirement it provides. Water
purveyors now have the tools necessary to control (to
some extent) activities in a watershed that could have
a negative impact on water quality. In order to
effectively protect public health, water purveyors
should utilize every tool and measure available to
them as a means of protecting the quality and
quantity of water.
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Surface Water
1.

Worksheet

One of the functions of watershed management is the annual completion of two surveys.
They are __________________ __________________ survey and the _________________ survey.

2.

When the utility does not own the watershed, watershed management practices would
include a __________________ _________________ with land owners describing details on
allowable __________________.

3.

The two common watershed management policies are ______________________ _________
policy and the ________________ ______________ policy.

4.

The “Natural Flow” rule is part of the ___________________ doctrine of water rights.

5.

First in time, first in line, is a summary of the ____________________ doctrine of water
rights.

6.

The water rights based on Spanish law are called __________________ water rights.

7.

In most jurisdictions, _____________________ use is considered the highest priority
beneficial use of water.

8.

Minimum low flows established for fisheries act like a water right in which doctrine?

9.

A source protection plan contains three key elements. They are a ____________________
statement, _______________ of major sources of __________________, and ______________
with upstream communities, potential polluters, and agencies.

10. A spill response plan is based on a ______________________ assessment or analysis.

11. The quality and quantity of water flowing from a watershed is impacted by four major
watershed budgets:

a. __________________________

b. ________________________

c. __________________________

d. ________________________
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20. The device used to measure the head over a weir plate is called a _________________ gauge
and is placed ___________ to ________ times the maximum head upstream of the weir
plate.

21. The water spilling out of a weir is called the ________________.

22. A flow of 4 cfs is how many gallons per minute?

23. A _______________________ measurement uses an instrument to measure the velocity of a
segment of a stream.

24. A ________________ station is a permanent structure for recording stream stages.

25. A rectangular culvert is 24 inches deep and 36 inches wide. The water level in the culvert
is 8 inches deep. The velocity is estimated at 0.25 ft per second. What is the flow in cfs
and gpm?

26. Macroanimals such as stonefly nymphs, clams, and caddis fly larvae are called
_________________ organisms.

27. Alkalinity, pH, and iron are examples of ______________________ and are not classified as
pollutants or contaminants.

28. Raw water quality data is compared against water quality ________________ and the EPA
_________________ to determine required treatment strategies.

29. One of the most important measures of water quality is the _____________ ___________ level
in the stream.

30. It is desirable that raw water quality not exceed these limits:

Iron _____________ mg/L

Manganese _______________ mg/L

pH __________ to _________

Hardness below ______________ mg/L

31. Knowing the total coliform levels in a raw water supply can assist the operator in
adjusting __________________ dosage.
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32. Ambient conditions refer to _________________, _____________ and _____________ conditions.

33. Proper operation of a surface water source calls for daily sampling and testing the
following chemical and physical parameters:
a. _____________________

b. _____________________

c. _____________________

d. _____________________

34. A water quality survey is composed of four steps:
a. _____________________

b. _____________________

c. _____________________

d. _____________________

35. In a properly operated surface water system, organic and inorganic samples should be
collected from the sources and tested ____________________________ (frequency).

36. Water quality data, sanitary surveys, and water quality surveys should be maintained by
the utility for ______________ years.

37. Small raw water storage facilities can contribute to the ___________________ or
_____________________ of water quality.

38. How many gallons of water are contained in 4 acre-feet?

39. One of the primary causes of deterioration of water quality in a storage reservoir is the
build up of ____________________.

40. The upper layer of water in a stratified reservoir is called the ____________________ or the
___________________ zone.

41. Water quality in a reservoir should be tested every ________ feet of depth.

42. Algae blooms usually occur in which layer of a stratified reservoir: hypolimnion or
epilimnion?

43. An increase in nutrients in a reservoir can cause an ______________ bloom, which will
result in a drop in ____________ ___________ and thus a deterioration in water quality.
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52. One of the major problems with raw water settling basins is _________________
__________________. This condition causes the water exiting the basin to be of less than
desirable quality because it has not been in the basin long enough for suspended
materials to settle out.

53. Spring boxes should be cleaned and disinfected at least ___________________ per year.

54. The lid on a spring box should be the ______________ box type and locked.

55. Rain catchments should be cleaned and inspected at least _________________ per year.

56. The SWAP was included in the 1996 Amendments to the SDWA because protecting the
water source is one of the _______________ to entry of ______________ ______________ and
protecting the source water or improving its quality will reduce _______________ cost.
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