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Module Description

Objectives
Upon completion of this module, the participant will be able to:

1. Define, in simple terms, hydrology and hydraulics.

2. Describe the physical processes that together make up the hydrologic cycle.

w

Identify and derive, with notes, the terms or units commonly used in hydrology.
4. Identify and locate common SCS references used in hydrology.

The participant should be able to perform at ASK Level 3 (Perform with Supervision) after completing
this module.

Prerequisite
None

length
Participant should take as long as necessary to complete the module. Training time for this module is
approximately one hour.

Who May Take The Module
This module is intended for all SCS personnel who use hydrology in their work.

Method of Completion
This module is self-study, but the state or NTC should select a resource person to answer any questions
that the participant's supervisor cannot handle.

Content
Information on hydrology and the hydrologic cycle, and their relationships with SCS program activities,
is presented. Common units used in hydrology references are discussed and used in practice problems.

Instuctions

The purpose of this module is to present an introduction to hydrology so that you will understand the
bydrologic terms and units most commonly used in SCS activities.

Hydrology and hydraulics are involved in most conservation activities and in every SCS program. Some
aspects are used in planning and design ranging from a field diversion or terrace to a large complex dam or
system of dams in a watershed project.



Definitions

Hydrology is the science that deals with the occurrence and behavior of water in the atmosphere, on the
earth's surface, and below its surface. Hydrology is the science that relates to water.

Present SCS procedures are based on a considerable background of practical experience. The SCS
developments in hydrologic application are recognized and used by many other Federal and State agencies,
universities, and engineering consultants worldwide.

Hydraulics is the branch of engineering science dealing primarily with the flow of water or other liquids.

In the broadest sense, hydrology deals with the computation of bow much water we could expect, and
hydraulics deals with the level or elevation this water will attain.

The hydrologic cycle is a descriptive term applied to the general circulation of water from the atmosphere to
the ground, to the seas, and back to the atmosphere through various stages or processes such as precipitation,
interception, runoff infiltration, percolation, storage, evaporation, and transpiration.



Hydrologic cycle

The three main phases of the hydrologic cycle are precipitation, runoff and evaporation. Following are
definitions of the stages and processes in the hydrologic cycle.

1. Precipitation is all forms of moisture falling to the ground, ie., ~snow, rain, hail
2. Runoffs that part of precipitation that appears as stream flow. Three types of runoff are:
a. Surface runoff is water that reaches the stream by traveling over the soil surface.

b. Interflow or quick return flow is water that moves through upper soil layers and returns to the
surface or appears in streams promptly, i.e. does not become ground water.

c. Base flow is water that flows into the stream from natural storage. In most streams, base
flow comes largely from groundwater.

Direct runoff is a term you will hear quite often. This is runoff that enters a stream promptly (contributes to a
flood) and consists chiefly of surface runoff and interflow.

3. Evaporation is a process by which precipitation is returned to the atmosphere as vapor.

4. Transpiration is a process by which plants dissipate water into the atmosphere from leaves and other
surfaces.

5. Evapotranspiration is the combination of evaporation of water from wet plant and soil surfaces and the
transpiration of water in plants.

6. Interception is that part of precipitation at the beginning of a storm that is stored in vegetal cover and does
not contribute to runoff.

7. Infiltration is the movement of water through the soil surface into the soil profile.
8. Percolation is the movement of water through the soil profile.

There really is no beginning or end to the hydrologic cycle. For the purpose of discussion, we can visualize the
cycle as beginning with evaporation from the oceans. The resulting vapor is transported by air masses, and
under proper conditions the vapor is condensed to form clouds, which may result in precipitation to the earth,
either on land or on the oceans.

A portion of the precipitation falling on land is retained temporarily in the soil, in surface depressions. and on
vegetation or other objects, until it is returned to the atmosphere by evapotranspiration.

The remainder may run over the ground surface into streams, infiltrate and appear promptly in streams as
interflow, or infiltrate into the soil and percolate to deeper zones to be stored as ground water. That portion
that reaches the ground water will later appear in streams.



Common Terms and Units

Some common units and conversions used in field office activities are:

1.

Volume units

a.Gallon (gal) - The United States gallon is the standard unit of liquid measure. Gallons are commonly
used to
express storage and flow capacity of water supply facilities.

b.Cubic feet (ft3) - The cubic foot is generally the most convenient volume unit for expressing the
capacity of small tanks or holding ponds.

c.Acre-feet (ac-ft) - An acre-foot is the quantity of water required to cover 1 acre to a depth of 1 foot.
Acre-feet is the unit of volume most convenient for expressing the storage in SCS reservoirs.

c.Inches per area (in/ac) - Inches per area is usually used in connection with drainage areas, but
frequently the area is omitted resulting in simply inches of depth to represent volume. For example,
runoff volume is often expressed as so many inches. This really means watershed inches.

Inches per area per time is often used in irrigation to express an application rate (ac-in/hour) or to
express large volumes of runoff (inches per month or inches per year).

Volume per time or rate units.

a.Gallons per time - This unit is usually used in expressing the consumption rate of water and is
generally stated in gallons per day (gpd) or millions of gallons per day (rngd). The capacity of pumps
is generally expressed as gallons per minute (gprn).

b.Cubic feet per second (efs) - Cubic feet per second,

sometimes called secondfeet, is the most common unit used to express flow of water. It is the rate of
discharge

representing a volume of one cubic foot passing a given

point during one second.

c.Cubic feet per second-day (cfs-day) or second-foot-day- This is is a volume of water represented by
a flow of one cubic foot per second for 24 hours. Cfs-day is used in storage computations when
converting cfs to acre-feet or inches per area.

d.Miner's inch - This unit was formerly used in hydraulic mining and irrigation in the West and is still
often encountered in reference to water rights. It has been defined by statute in most western states. It
is the quantity

of water that will flow through an orifice one inch square

under a bead which varies from four to six and one half

inches, depending on location. 1 cfs = 40 - 50 miner's

inches.



3. Common hydrologic units

a.

b.

Precipitation - inches (in)

Precipitation rate or intensity-
inches per hour (in/hr)

Runoff-inches (in)

Runoff volume - watershed inches (in); acre-feet (ac-ft); cubic feet (ft?)
Runoff rate - cubic feet per second (cfs)

Evaporation - inches (in)
Interception -inches (in)
Infiltration — inches/hour (in/hr)

i Percolation - inches/hour (in/hr)

Storage - cubic feet (ft* acre feet (ac-ft); watershed
inches

4. Common definitions

a.

Time of concentration (T) - The time it takes water to move from the hydraulically most distant point
in a watershed to a watershed outlet, usually expressed in hours. It is used to estimate peak discharge
or to develop a hydrograph.

Hydrograph - A graph showing the discharge, velocity, or
other property of water with respect to time. Usually we work with discharge hydrographs, where the
points on the hydrograph are expressed in cfs.

Peak discharge (g ) - The maximum discharge rate for a given hydrograph or flood event, usually
expressed in efs,

Runoff (Q) - That portion of precipitation which appears as streamflow, usually expressed in inches.

Velocity (V) - The distance traveled divided by the time required to travel that distance, usually
expressed in feet per second (ft/s)

Flood routing - Determining the changes in a hydrograph as it moves downstream through a valley or
through a reservoir (then sometimes called reservoir routing).

Initial abstraction 0) - The portion of precipitation
occurring before surface runoffbegins, usually expressed in inches. It consists mainly of interception,
infiltration, and depression storage.

Runoff curve number (CN) - An index of the runoff potential from a specific combination of cover,
land use, and soil.



Watershed (w/s)~The area contained within a divide above a specified point on a stream. It can also
be called drainage area, subarea, basin or catchment area.

Frequency - An expression or measure of how often a

hydrologic event of given size or magnitude should, on the

average, be equaled or exceeded. It is usually expressed in years. For example, a 50-year frequency
flood will be equaled or exceeded in size, on the average, once in 50 years.

Travel time - The average time for water to flow through a portion of a stream, usually expressed as
hours.

Common conversions
1 cfs-day = 1.9835 or approximately 2 acre-feet
(2 ac-ft = 1 cfs-day)

1ft*/s(day)*86,400s/1day*1ac/43,560 ft’=1.9835 ac-ft

1 acre-foot = 12.1 cfs-hour (12.1 cfs-hr = 1 ac-ft)

lac-ft * 1cfs-day/1.9835 ac-ft * 24hrs/day =12.0998cfs-hr

1 acre-inch per hour =1.0083 or approximately 1 cfs
(1 cfs =1 ac-in/hr)

(1 ac-in/hr )* (12.1 cfs-hr/lac-ft) *(1ft/12in) = 1.0083 cfs

1cfs= 448.8 gallons per minute (448.8 gpm= 1cfs)

=448.8 gpm

1 inch per hour= 1.008cfs per acre (1cfs/ac=1in/hr)
1 in/hr * 1 ft/12in *1hr/3600s *43,560 ft*/1ac = 1.008 cfs/ac

1ft’=7.48 gallons



Summary:

1) 2 ac-ft = 1 cfs-day
2) 12.1 cfs-hr = 1 ac-ft
3) 1 cfs = 1 ac-in/hr
4) 448.8 gpm =1 cfs
5) 1in/hr = 1 cfs/ac

6) 1 ft* = 7.48 gallons

Common Hydrology References
The following are some of the more commonly used references in SCS:
1.Engineering Field Manual For Conservation Practices (EFM) is in every field office.

2.Urban Hydrology For Small Watersheds, Technical Release 55 (TR-55) is in most field offices and
every area office.

3.National Engineering Manual (NEM) is in all area offices.
4.Engineering Practice Standards (Section 4, Technical Guide) is in every field office.

5.National Engineering Handbook, Section 4, Hydrology (NEH-4) is in most area offices.

Summary

This completes Module 101- Introduction to Hydrology. You should have learned to define hydrology
and hydraulics, and to list the various components of the hydrologic cycle. You should be able to use
common conversion factors. If you have had problems understanding the module or if you would like to
take additional, related modules, contact your supervisor.



