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Preface

This module consists of a study guide that provides an overview
of NRCS policy and criteria for hydraulic design of conservation
practices.

Proceed through this module at your own pace. Be sure you
completely understand each section before moving on. If you have
questions or need help, please request assistance from your
supervisor. If your supervisor cannot clear up your problems, he/
she will contact the state-appointed resource person. The resource
person is familiar with the material and should be able to answer
any questions you may have.

Be sure to write out your answers to the included activities. This
will help to reinforce your learning. After completing each activity,
compare your answers with the included solution.

Acknowledgment

The design and development of this training module is the result
of a concerted effort by practicing engineers in the Natural
Resources Conservation Service (NRCS). The contributions from
many technical and procedural reviews have helped make this

module one that will provide needed knowledge of hydrology and
hydraulics to NRCS employees.
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Module Description

Objectives
Upon completion of this module, the participant will be able to:
* Use hydraulic criteria to design conservation practices.

* Select Engineering Job Classes using the National Engineer-
ing Manual (NEM).

¢ Determine the classification of a structure.

* Perform at ASK Level 3 (Perform with supervision).

Prerequisites

Modules 101—Introduction to Hydrology, 102—Precipitation,
104—Runoff Curve Number Computations, 105—Runoff
Computations, 106—Peak Discharge, and 107—Hydrography.

Length

Participant should take as long as necessary to complete module.
Training time for this module is approximately three hours.

vii
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Who May Take the Module

This module is intended for all NRCS personnel who plan or
design conservation practices.

Method of Completion

This module is self-paced, but the state should select a
resource person to answer any questions that the participant’s
supervisor cannot handle.

Content

This module presents information field office people need to
know about NRCS policy and criteria to design conservation
practices. The module discusses the NRCS structure classification
system and engineering job classes.
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Module 109—Design Hydrology

Introduction

The policy for NRCS hydrology investigations, technology, and
procedures is contained in National Engineering Manual (NEM)
subchapters C and D.

Subchapter C, paragraph 520.00 of the NEM gives the overall
NRCS policy for erosion and sediment control and is quoted
below.

520.00 General.

e Effective erosion and sediment control requires a compre-
hensive system of engineering and cultural practices applied
to the land for the specific purpose of controlling erosion
and preventing excessive sediment accumulation. Federal and
State laws, regulations, and executive orders have empha-
sized the need to conserve natural resources and improve
the quality of the environment. Erosion and sediment control
systems address this need.

e Erosion occurs in many areas other than cropland. Con-
struction sites, parks, playgrounds, roads, and urban areas
are major sources of erosion. NRCS is often asked for
assistance in the planning, design, and construction of ero-
sion and sediment control systems.

This establishes the intent and purpose of conservation practices
by national policy or “what we are trying to accomplish”.

Subchapter D, paragraphs 530.10-12 define the hydrologic
procedures and where we can find the hydrologic criteria to use
for designing conservation practices. These paragraphs are quoted
below.

Module 109—Design Hydrology 1
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530.10 General.

Hydrologic procedures have been developed within NRCS to
assist in the planning and design of on-farm conservation
practices including water control structures and to solve hydrologic
problems encountered in developing plans and designs for project
activities. Because structure or project costs may range from
several hundred to several million dollars, it is important that the
most suitable hydrologic procedure be used for a particular
problem. The procedure selected must provide the desired level of
accuracy and complement other design procedures to insure that
the structure or project meets its functional objective. Hydrologic
Criteria for designing conservation practices and water Control
structures have been developed largely from field experience and
represent minimum acceptable standards consistent with the
objectives of the practice or structure.

530.11 Hydrologic Procedures.

e Procedures in the Engineering Field Manual for Conservation
Practices, Chapter 2, are the preferred method for hydro-
logic analysis for on-farm conservation practices. They are
to be used unless specifically excepted by the approving
engineer.

e Procedures in NEH-4, Section 4, and those contained in
Technical Releases, Hydrology Notes, and designated refer-
ences are to be used for hydrologic analysis of soil and
water conservation practices to the maximum extent practi-
cable.

* Procedures outside the scope of the NEH and other desig-
nated references may be used providing prior approval is
obtained from the approving engineer.

2 July 1997
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530.12 Hydrologic Criteria.

Hydrologic criteria established in standards and directives are to
be used for designing conservation practices and water control
structures. Exceptions to use of national criteria are to be
obtained from the Director of Engineering.

The “standards’ noted in paragraph 530.12 refers to the National
Handbook of Conservation Practices (NHCP).

The criteria in the NHCP defines the minimum capacities or
capabilities of the conservation practice. The criteria is a
combination of common practices in the construction field,
industry standards, field trials, research and knowledge of what is
needed for the conservation practice to accomplish its intended
purpose. Each state can develop additional criteria for each
practice standard to give guidance on minimum criteria to be used
on projects within that state’s boundaries. This additional criteria
may be necessary to establish standards compatible with state
and/or county laws and guidelines, requirements to meet
environmental conditions, or common accepted practice within the
area. Often supplemental criteria is developed within the states to
define design limits and provide information.

Module 109—Design Hydrology 3
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Background

The criteria as defined in the NHCP has evolved over the history
of the NRCS. As new products or practices are developed,
industry sources, universities, research institutes, and professional
societies are queried for information. The national specialists and
other interested specialists develop a consensus of opinion, then
develop a written standard for review. The Institutes, State
Engineering Staffs, and others, including industry representatives,
review and comment on the proposed standards before they
become final. An occasional interim standard is prepared for one

project use or temporary use, while a standard is being prepared
and reviewed in the regular manner.

The terminology used in the standard is accepted practice in the
industry or is taken from that used by the many standards
committees or professional society publications.

NHCP

The NHCP provides the minimum design criteria that must be
used nationally. The states can supplement this criteria to add
details. The state additions must be equally or more restrictive
than the national standard. Hydrology aspects and design criteria
are just one of the many design elements included in the stan-
dards. Our interest here is to develop the peak discharges and/or
hydrographs required to design the various projects. Standards

that require hydrologic criteria which we will discuss are listed
below.

e Dam Diversion (348)
e Dam Floodwater Retarding (402)

e Dam Multi-Purpose (349)

4 July 1997
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e Dike (356)
— Class I
— Class II
— Class III
e Diversion (362)
e Floodwater Diversion (400)
e Floodway (404)
— Class |
— Class II
— Class I
e Grade Stabilization Structures (410)
e Grassed Waterway (412)
e Imrigation Pit-Regulating Reservoir (552)
e Lined Waterway (468)
e Open Channel (582)
e Pond (378)
e Waterspreading (640)
e Irrigation Storage Reservoir (436)
e Water and Sediment Control (638)
e Surface Drainages Field Ditch (607)
e Underground Outlet (620)

e Waste Management System (312)

Module 109—Design Hydrology : 5
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Dam, Diversion (348)

Dam, Diversion—Standard 348 is defined as “a structure built to
divert part or all of the water from a waterway or stream into a
different watercourse, an irrigation canal or ditch, or a water
spreading system”. Standard 348 doesn’t give much guidance for
hydrologic criteria to size the hydraulic parts of the diversion
dam. This is a case where the state has the option to declare
minimum return interval for the peak flow both to be bypassed
through the site, as well as that portion diverted for beneficial
use. Many states refer to the requirements as specified in Table 4
of Standard 378—Pond to size the bypass works. That standard
specifies that drainage areas up to 20 acres with storage less
than 50 acre ft. use the peak discharge from the 10 yr.-24 hr
storm. For drainage areas greater than 20 acres with storage less
than 50 acre ft. and less than 20 feet of effective height of the
dam, use the 25 yr.-24 hr storm for design. Refer to Appendix
A for a list of applicable precipitation data references. The outlet
works for the diverted water must meet the flow requirements for
which it is intended.

For the case where limited detention storage is provided upstream
of the diversion dam, the peak discharge should be used for
design. In cases where appreciable storage is available and the
designer wants to take advantage of that storage to reduce the
bypass discharge, a hydrograph is necessary for flood routing the
runoff through the available temporary storage.

6 July 1997
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Dam, Floodwater Retarding (402)

Dam, Floodwater Retarding—Standard 402, is defined as “A
single-purpose dam designed for temporary storage of floodwater
and its controlled release”. This standard refers to the standard
for Ponds (378) or TR-60 as appropriate. Hydrologic criteria is
included in each of the references. The standard for Ponds (378)
applies where the effective height of the dam is less than 35 feet,
the failure of which would not cause loss of life and the storage
height product is less than 3000. The storage is the volume, in
acre feet, in the reservoir below the crest of the emergency
spillway. The effective height of the dam is the difference in
elevation, in feet, between the emergency spillway crest and the
lowest point in the cross section taken along the centerline of the
dam.

Dams that exceed the above limits are controlled by criteria
outlined in TR-60. The hydrologic criteria between the two
references is quite different. For dams where the standard for
Pond (378) applies, use the hydrologic criteria stated in Table 4
of standard 378.

Minimum design storm*

Effective height Minimum

Drainage area of dam™ Storage Frequency duration
acre ft acre-ft yr hr
20 or less 20 or less Less than 50 10 24
20 or less More than 20 “ Less than 50 25 24
More than 20 20 or less Less than 50 25 24
All others 50 24

Table 4. Minimum Spillway Capacity.
*Select rain distribution based on climatological region. **As defined under “Scope”.

Module 109—Design Hydrology 7
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Refer to Appendix A for precipitation data references. On small
structures meeting Pond (378) criteria, spillways are sized to pass
the peak of the applicable hydrograph rather than by routing the
hydrograph. This saves design time. Often small structures are
such that the minimum pipe size or spillway bottom width are
adequate to pass the required peak flow without flood routing
computations.

For all situations where site conditions exceed those allowed for
design using Standard 378, TR-60 criteria applies. The
precipitation data references, Minimum Principal Spillway
Hydrologic Criteria and Minimum Emergency Spillway Hydrologic
Criteria as specified in TR-60 are shown in Appendix A.
Floodwater Retarding Dams by definition and purpose are
designed to temporarily store floodwater for release at a slower
rate. A hydrograph is required for flood routing these structures.

Dam, Multipurpose (349)

Dam, Multi-Purpose—Standard 349, is defined as “a dam
constructed across a stream or natural watercourse that has a
designed reservoir storage capacity for two or more purposes,
such as floodwater retardation and irrigation water supply,
municipal water supply, and recreation. The hydrologic criteria is
referenced to NRCS standard for Ponds (378) or TR-60 as
appropriate. Once site conditions have been determined, the
selection of hydrologic criteria can be established. Since by
definition a multi-purpose dam stores water for beneficial use, a
hydrograph is required for routing purposes to size the principal
spillway and emergency spillway. On small structures meeting
Pond (378) criteria, spillways are sized to pass the peak of the
applicable hydrograph rather than route the hydrograph to save
time during design. Often small structures are such that minimum
pipe size or spillway bottom width are adequate to pass the
required peak flow without flood routing computations.

8 July 1997
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Where TR-60 criteria is applicable, flood routing the applicable
hydrograph is important since the structures are generally on
larger streams and the criteria is more stringent. The flood
routing of the hydrographs in this case can reduce the spillway
sizes appreciably.

Dike (356)

Dike—Standard 356 is defined as “An embankment constructed
of earth or other suitable materials to protect land against
overflow or to regulate water”. Dikes are further classified as

Class I, II, or IIl. Their definition as specified in standard 356 are
as follows:

Class | dikes are those constructed on sites where:

e Failure may cause loss of life or serious damage to homes,
industrial and commercial buildings, important public utilities,
main highways or railroads, and high value land, crops, or
other improvements.

e Unusual or complex site conditions require special construc-
tion procedures to ensure satisfactory installations.

e Protection is needed to withstand more than 12 ft. (3.7 m)
of water above normal ground surface, exclusive of crossings
of sloughs, old channels, or low areas.

Module 109—Design Hydrology 9
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Class II dikes are those constructed in highly developed and pro-
ductive agricultural areas where:

¢ Failure may damage isolated homes, highways or minor
railroads, or cause interruption in service of relatively impor-
tant public utilities.

e The maximum design water stage against the dike is 12 ft.
(3.7 m).

Class IIl dikes are those constructed in rural or agricultural areas
where:

e Damage likely to occur from dike failure is minimal.

* The maximum design water stage against the dike is 6 ft
(1.8 m) for mineral soils and 4 ft (1.2m) for organic soils.
(Exclude channels, sloughs, swales, and gullies in determin-
ing the design water stage.)

Each dike class has specific hydrologic design criteria. The criteria
as specified in standard 356 is as follows:

For Class I dikes

Design elevation of high water shall be determined as follows:

e [f dike failure is likely to cause loss of life or extensive high-
value crop or property damage, the elevation of design high
water shall be that associated with the stage of the 100-year

frequency flood or of the maximum flood of record, which-
ever is greater.

10 July 1997
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e If dike failure is unlikely to result in loss of life or extensive
high-value crop or property damage, the elevation of design
high water shall be that associated with the peak flow from
the storm that will insure the desired level of protection or
the 50-year-frequency flood, whichever is greater.

* If the dike will be subject to stages from more than one
stream or source, the criteria indicated shall be met for the
combination that causes the highest stage.

e [f the dike will be subject to tidal influence as well as
streamflow, the streamflow peak shall be assumed to occur
in conjunction with the mean high tide to determine the
design high water depth.

For Class II dikes

If the design water depth against dikes, based on the required
level of protection, exceeds 4 ft. (1.2 m), the design shall be
based on at least a 25-year-frequency flood. If this degree of
protection is not feasible, the design shall approach the 25-year
flood level as nearly as possible, and planned fuse plug sections
and other relief measures shall be installed where appropriate.

For Class Il dikes

The national standard does not give specific hydrologic criteria for
Class Il dikes. Many states have supplemented the national
standard to provide guidance. Use the most restrictive hydrologic
criteria if a state supplement is provided. Since dikes are used in
many situations, a hydrograph may or may not be required to
determine maximum water level. Almost always, a water surface
profile computation must be made for Class I and Class 1I dikes.

Module 109—Design Hydrology 11
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Diversion (362)

Diversion—Standard 362 is defined as “a channel constructed
across the slope with a supporting ridge on the lower side”. Its
purpose is “to divert excess water from one area for use or safe
disposal in other areas”.

The hydrologic criteria specified in the national standard is as
follows:

Capacity

Diversions as temporary measures, with a life span of less than 2
years, shall carry as a minimum the 2-year, 24-hour-duration
storm. Diversions that protect agricultural land and those that are
part of a pollution abatement system must have the capacity to
carry the peak runoff from a 10-year frequency, 24-hour-duration
storm as a minimum.

Diversions designed to protect areas such as urban development,
buildings, and roads, shall have enough capacity to carry the peak
runoff expected from a storm frequency consistent with the
hazard involved, but not less than a 25-year-frequency, 24-hour-
duration storm with a freeboard not less than 0.3 ft.

Diversion channels are sized based on passing the peak discharge
for the specified return period. A hydrograph is usually not
necessary.

July 1997
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Floodwater Diversion (400)

Floodwater Diversion—Standard 400 is defined as “a graded
channel with a supporting embankment or dike on the lower side
constructed on lowland subject to flood damage”. The purpose of
a floodwater diversion is “to divert floodwater from lowlands by
the construction of a graded channel on the lowlands”.

The hydrologic criteria specified in the national standard is as
follows:

Capacity

Floodwater diversions that are to protect agricultural land shall
have the capacity to carry the peak runoff expected from a 10-
year frequency storm. If farmsteads, public roads, or other
improvements are within the area to be protected, the design
capacity shall be consistent with the hazard involved but shall not
be less than the peak flow from a 25-year-frequency storm.

The diversion channel is sized based on passing the peak

discharge for the specified return period. A hydrograph is usually
not necessary.

Module 109—Design Hydrology 13
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Floodway (404)

Floodway—Standard 404 is defined as “a channel, usually
bounded by dikes, used to carry flood flows”. A floodway is used
to carry floodwater from a side drainage across a flood plain into
the channel of a main stream.

Floodway classification is referenced to Standard 356—Dike. In as
much as a large percentage of floodways includes dikes as a
major feature of the floodway, the same classification used for
dikes is used for floodways. The classes are defined in the
standard for dikes (356).

Class I floodways
¢ Include Class I dikes as a feature of the floodway, or;

* Are constructed to protect areas where either of the follow-
ing conditions apply:

— There is a possibility of loss of life should dike failure
occur.

— High-value land or improvements are to be protected.

Class II floodways
* Include Class Il dikes as a feature of the floodway, or;

e Are constructed to protect agricultural lands of medium to
high capability; improvements are generally limited to farm-
steads and allied farm facilities.

14 July 1997
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Class Il floodways
e Include Class [Il dikes as a feature of the floodway, or;

e Are constructed to protect agricultural lands of relatively low
capability or improvements of relatively low value.

The hydrologic criteria for Class I, II, and Il floodways are similar
to those for Class I, II, and Il Dikes with some allowance for
lower criteria in some instances. The design criteria, as taken
from Floodway—Standard 404, is below.

Class I Floodways

Class 1 floodways shall be designed to provide maximum feasible
protection. If urban protection is one of the primary objectives of
a project or segment thereof, the project shall be planned to keep
water out of the main part of the urban area if the largest flood
of record was repeated. Such protection shall rarely be less than
the 100-year-frequency level.

Dikes used or constructed as a part of Class I floodways shall
meet NRCS criteria established for Class [ dikes.

Class Il Floodways

If dikes are included as a feature of Class II floodways, they shall
meet NRCS standards for Class Il dikes, and the design criteria
established thereby shall also apply to the floodway.

If dikes are not included in Class Il floodways, the floodway shall
have the capacity to carry the peak runoff from a 10-year-
frequency storm as a minimum.

Module 109—Design Hydrology 15
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Class Il Floodways

It dikes are included as a feature of Class Il floodways, they shall
meet NRCS standards for Class Ill dikes, and the design criteria
established thereby shall also apply to the floodway.

If dikes are not included in Class Il floodways, the floodway shall
have the capacity to carry the design flow selected on the basis
of a study of site conditions.

The floodway channel is sized based on passing the peak
discharge for the specified return period. A hydrograph is usually
not necessary. Computation of a water surface profile is usually
necessary for design of Class I and Class Il floodways.

Grade Stabilization Structure (410)

Grade Stabilization Structure—Standard 410 is defined as “a
structure used to control the grade and headcutting in natural or
artificial channels”. Grade stabilization structures “... stabilize the
grade and control erosion in natural or artificial channels, to
prevent the formation or advance of gullies, and to enhance
environmental quality and reduce pollution hazards”.

The hydrologic criteria established in the national standard 410
has ties to many other standards depending upon the purpose of
the structure. Standard 410 has five separate categories which
are, (1) embankment dams, (2) pond size dams, (3) full-flow
structures, (4) island-type structures, and (5) side-inlet drainage
structures.

July 1997
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The hydrologic criteria taken from national standard 410 is as
follows:

Embankment Dams

Class (a) dams that have a product of storage times the effective
height of the dam of 3,000 or more, those more than 35 ft in
effective height, and all class (b) and class (c) dams shall meet or
exceed the requirements specified in Technical Release No. 60

(TR-60)

Class (a) dams that have a product of storage times the effective
height of the dam of less than 3,000 and an effective height of
35 ft. or less shall meet or exceed the requirements specified for

Ponds (378).

Pond Size Dams

If mechanical spillways are required, the minimum capacity of the
principal spillway shall be that required to pass the peak flow
expected from a 24-hour duration design storm of the frequency
shown in Table 1, less any reduction because of detention
storage.

If the effective height of the dam is less than 20 ft and the
emergency spillway has a stable grade throughout its length with
no overfalls and has good vegetation along its reentry into the
downstream channel, the principal spillway capacity may be
reduced but can be no less than 80 percent of the 2-year
frequency, 24-hour duration storm.

If criteria values exceed those shown in Table 1 or the storage
capacity is more than 50 acre-ft, the 10-year frequency, 24-hour
duration storm must be used as the minimum design storm.

Module 109—Design Hydrology 17
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Grade stabilization structures with a settled fill height of less than
15 ft and 10-year frequency, 24-hour storm runoff volume less
than 10 acre-ft. shall be designed to control the 10-year
frequency storm without overtopping. The mechanical spillway,
regardless of size, may be considered in design and an emergency
spillway is not required if the combination of storage and
mechanical spillway discharge will handle the design storm. The
embankment can be designed to meet the requirements for Water
and Sediment Control Basins (638) rather than the requirements
for Ponds (378).

Full-flow Open Structures

Drop, chute, and box inlet drop spillways shall be designed
according to the principles set forth in the Engineering Field
Manual for Conservation Practices, the National Engineering
Handbook, and other applicable NRCS publications and reports.
The minimum capacity shall be that required to pass the peak
flow expected from a design storm of the frequency and duration
shown in Table 2, less any reduction because of detention
storage. If site conditions exceed those shown in Table 2, the
minimum design 24-hour storm frequency is 25 years for the
principal spillway and 100 years for the total capacity. Structures
must not create unstable conditions upstream or downstream.
Provisions must be made to insure reentry of bypassed storm
flows.

Toe wall drop structures can be used if the vertical drop is 4 ft
or less, flows are intermittent, downstream grades are stable, and

tailwater depth at design flow is equal to or greater than one-
third of the height of the overfall.

18 July 1997
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The ratio of the capacity of drop boxes to road culverts shall be
as required by the responsible road authority or as specified in
Table 2 or 3, as applicable, less any reduction because of
detention storage, whichever is greater. The drop box capacity
(attached to a new or existing culvert) must equal or exceed the
culvert capacity at design flow.

Island-type Structures

If the mechanical spillway is designed as an island-type structure,
its minimum capacity shall equal the capacity of the downstream
channel. For channels with very small drainage areas, the
mechanical spillway should carry at least the 2-year, 24-hour
storm or the design drainage curve runoff. The minimum
emergency spillway capacity shall be that required to pass the
peak flow expected from a design storm of the frequency and
duration shown in Table 2 for total capacity without overtopping
the headwall extensions of the mechanical spillway. Provisions
must be made for safe reentry of bypassed flow as necessary.

Side-inlet Drainage Structures

The design criteria for minimum capacity of open-weir or pipe
structures used to lower surface water from field elevations or
lateral channels into deeper open channels are shown in Table 3.
The minimum principal spillway capacity shall equal the design
drainage curve runoff for all conditions. If site condition values
exceed those shown in Table 3, the 50-year frequency storm shall
be used for minimum design of total capacity.

Module 109—Design Hydrology 19
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Maximum drainage area
for indicated rainfall*
Effective height | Frequency of minimum design,
0-3in [ 3-5in | 5+ in of dam 24-hour duration storm

Acres ft yr.
200 100 50 35 or less 2
400 200 100 20 or less 2
400 200 100 20-35 5
600 400 200 20 or less 5

Table 1. Design criteria for establishing minimum capacity of the principal spillway for
dams with storage capacity of less than 50 acre-feet.

*In a 5-year frequency, 24-hour duration storm.

Maximum drainage area
for indicated rainfall*

Frequency of minimum design
24-hour duration storm

Principal
0-3in | 3-5in | 5+in | Vertical Drop | spillway capacity | Total Capacity
Acres ft yr. yr.
1,200 450 250 5 or less 5 10
2,200 900 500 10 or less 10 25

Table 2. Design criteria for establishing minimum capacity of full-flow open structures.

*In a 5-year frequency, 24-hour duration storm.

Maximum drainage area
for indicated rainfall*

Frequency of minimum design
24-hour duration storm

Receiving
0-3in | 3-5in | 5+ in | Vertical drop channel depth Total Capacity
Acres ft ft yr.
1,200 450 250 0-5 0-10 —
1,200 450 250 5-10 10-20 10
2,200 900 500 0-10 0-20 25

Table 3. Design criteria for establishing minimum capacity of side-inlet, open.

*In a 5-year frequency, 24-hour duration storm.

For these situations where temporary storage will be used to
reduce required spillway size and/or capacity, a hydrograph must
be developed and routed through the structure. All other full flow

conditions will only require the peak discharge for design of the
spillways.
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Grassed Waterway (412)

Standard 412 is defined as “a natural or constructed channel that
is shaped or graded to required dimensions and established in
suitable vegetation for the stable conveyance of runoff. Grassed
waterways “... convey runoff from terraces, diversions, or other
water concentrations without causing erosion or flooding and to
improve water quality.”

The hydrologic criteria in national standard 412 for channel
capacity is “... the peak runoff expected from a storm of 10-year
frequency, 24-hour duration.” A hydrograph for design of a
grassed waterway is not required.

Irrigation Pit-Regulating Reservoir (552)

Standard 552 is defined as “a small storage reservoir constructed
to regulate or store a supply of water for irrigation”. The purpose
of an irrigation pit or regulating reservoir is “to collect and store
water until it can be used beneficially to satisfy crop irrigation
requirements”.

The hydrologic criteria for irrigation pit or regulating reservoir in
the national standard is referred to the excavated ponds section of
Standard 378, Pond. In essence, if the pit can be excluded from
any surface runoff, then spillways are not necessary, otherwise
spillways must pass minimum return frequency flow as specified in

Table 4 of Standard 378.
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Lined Waterway (468)

Standard 468 is defined as “a waterway or outlet having an
erosion-resistant lining of concrete, stone, or other permanent
material. The lined section extends up the side slopes to a design
depth. The earth above the permanent lining may be vegetated
or otherwise protected”. A lined waterway may be used to
provide a stable outlet for other conservation structures or from
natural concentrations of flow, without damage by erosion or
flooding, where unlined or grassed waterways would be
inadequate.

The hydrologic criteria established in the national standard is the
minimum capacity that shall be adequate to carry the peak rate
of runoff from a 10-year frequency storm. The maximum peak
discharge for which a lined waterway or outlet can be used is
200 cubic feet per second. Since the channel is sized by peak
rate of flow, a hydrograph is not necessary.

Open Channel (582)

Standard 582 is defined as “constructing or improving a channel,
either natural or artificial, in which water flows with a free
surface”. An open channel is used “to provide discharge capacity
required for flood prevention, drainage, or other authorized water
management purposes, or any combination of these purposes”.

The hydrologic criteria established in the national standard refers
to the “... purposes to be served and according to related
engineering standards and guidelines in handbooks”. Also, the
standard further specifies “the required capacity may be
established by considering volume-duration removal rates, peak
flow, or a combination of the two, as determined by the
topography, purpose of the channel, desired level of protection,
and economic feasibility”.
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Pond (378)

Standard 378 is defined as “a water impoundment made by
constructing a dam or embankment or by excavating a pit or
dugout”. The national standard further defines Pond as follows:
“In this standard ponds constructed by the first method are
referred to as embankment ponds, and those constructed by the
second method are referred to as excavated ponds. Ponds
constructed by both the excavation and the embankment methods
are classified as embankment ponds if the depth of water

impounded against the embankment at spillway elevation is 3 ft.
or more.”

The hydrologic criteria for embankment ponds are specified in
Table 4 shown below.

Minimum design storm*

Effective height Minimum

Drainage area of dam*™* Storage Frequency duration
acre ft acre-ft yr hr
20 or less 20 or less Less than 50 10 24
20 or less More than 20 Less than 50 25 24
More than 20 20 or less Less than 50 25 24
Aliv others 50 24

Table 4. Minimum Spillway Capacity.
*Select rain distribution based on climatological region. **As defined under “Scope”.

For those structures that use the temporary storage to reduce the
spillway size by floodrouting, a hydrograph will be required. For
structures with full flow type outlets, only the peak discharge is
required for design.

The hydrologic criteria for excavated ponds will require similar
data if surface runoff is able to run into the pond. For those
excavated ponds isolated from surface runoff, no spillway is
required.
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Waterspreading (640)

Standard 640 is defined as “Diverting or collecting runoff from
natural channels, gullies, or streams with a system of dams, dikes,
ditches, or other means, and spreading it over relatively flat
areas”. The purpose is to supplement natural precipitation in
areas where plants can effectively use additional moisture.

The national standard is not specific for hydrologic criteria for the
diversion works. The standard requires that the diversion works
must be capable of safely bypassing the peak flood flow without a
return frequency specified.

The section covering outlet works in the standard has more
specific hydrologic criteria requiring the outlet works to pass the
maximum diverted rate of flow, or the 10-year, 24-hour peak
flow from the contributing area, whichever is less. Design

requirements are for peak discharge where a hydrograph for flood
routing is not required.

Irrigation Storage Reservoir (436)

Standard 436 is defined as “an irrigation water storage structure
made by constructing a dam”. Its stated purpose is “to conserve
water by holding it in storage until it can be beneficially used to
meet crop irrigation requirements”.

The hydrologic criteria set forth for irrigation storage reservoir
standard refers to standard 378 for Ponds or TR-60 as
appropriate.
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Water and Sediment Control Basin (638)

Standard 638, is defined as “an earth embankment or a
combination ridge and channel generally constructed across the
slope and minor watercourses to form a sediment trap and a
water detention basin”. The purpose of a water and sediment
basin is “to improve farmability of sloping land, reduce
watercourse and gully erosion, trap sediment, reduce and manage
onsite and downstream runoff, and improve downstream water

quality”.

The hydrologic criteria set forth in the national standard requires
a basin capacity large enough to control the runoff from a 10-
year, 24-hour-frequency storm without overtopping. If the basin is
to provide flood protection or function with other structures, it
may be larger and shall be adequate to control the runoff from a
storm of a frequency consistent with the potential hazard. The
10-year sediment accumulation must also be provided for unless
provisions are made for periodic sediment removal from the basin
to maintain the design capacity.
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Surface Drainage, Field Ditch (607)

Standard 607 is defined as “a graded ditch for collecting excess
water in a field”. The purpose for a surface drainage field ditch is
“to drain surface depressions; collect or intercept excess surface
water, such as sheet flow, from natural or graded land surfaces or
channel flow from furrows and carry it to an outlet; and collect
or intercept excess subsurface water and carry it to an outlet”.

The hydrologic criteria set forth in the national standard requires
size, depth, sideslopes, and cross-section area adequate to provide
the required drainage for the site. Some states have additional
criteria specific to their states that the minimum capacity shall be
adequate to pass the 10-year, 24-hour storm without damage or
erosion or for irrigated fields, a percent of the available irrigation
stream.

Underground Outlet (620)

Standard 620 is defined as “a conduit installed beneath the
surface of the ground to collect surface water and convey it to a
suitable outlet”. The purpose of an underground outlet is “to
dispose of excess water from terraces, diversions, subsurface
drains, surface drains, trickle tubes or principal spillways from
dams (outside the dam area only), or other concentrations without
causing damage by erosion or flooding”.
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The hydrologic criteria specified in the national standard is “the
underground outlet shall be designed, alone or in combination
with other practices, with adequate capacity to insure that the
terrace diversion or other practices function according to the
standard for the specific practice. The capacity of the
underground outlet for natural basins shall be adequate for the
intended purpose without causing excessive damage to crops,
vegetation, or improvements”. The underground outlet must
remove the trapped volume before the standing water damages
the vegetation in the pool area.

Waste Management System (312)

Standard 312 is defined as “a planned system in which all
necessary components are installed for managing liquid and solid
waste, including runoff from concentrated waste areas, in a
manner that does not degrade air, soil, or water resources”.

The purpose of a waste management system is: “To manage
waste in rural areas in a manner that prevents or minimizes
degradation of air, soil, and water resources and protects public
health and safety. Such systems are planned to preclude discharge
of pollutants to surface or ground water and to recycle waste
through soil and plants to the fullest extent practicable.”

Since a waste management system may include many components
necessary to properly manage waste and prevent degradation of
air, water, soil, and plant resources, design standards for individual
components shall be according to standards in the NHCP.

Module 109—Design Hydrology 27



Engineering Hydrology Training Series

28

Engineering Job Classes

Classes I-V

Review and approval authority is delegated from the National
Headquarters to each State Engineer. Appendix B is part 501.08
of the NEM and lists the approval delegated to all State
Engineers. Jobs of this complexity are Class V.

As an example, Appendix C, Engineering Job Approval
Authority, ID-ENG-126, sets the limits of approval authority by
Classes I through V for the state of Idaho. Class V is the upper
limit that can be approved by the State Conservation Engineer.
State Engineers can be delegated higher approval authority for
certain practices (Class VI). These cannot be re-delegated and
consequently are not shown. All other practices that exceed the
approval limits shown in Class V must be approved by the
Director, Conservation Engineering Division and the State
Conservation Engineer (Class VII).

Individuals are to have engineering job approval only for those
practices in which they have training, experience, demonstrated
competence, and a defined workload.

It is not the intent of this policy to limit the activity of any
individual with respect to gathering basic data or preparing
engineering plans that may be beyond their approval authority.
However, such plans and all significant revisions thereof must be
reviewed and signed by a person authorized to approve the plan
prior to layout or installation of the practice. The signature
approval on plans constitutes approval of both drawings and
specifications and is taken as assurance that NRCS standards are
met and that appropriate investigations, accuracy, and precision
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have been incorporated in the design and quantity computations.
Even on those jobs where the designer has approval authority, a
review of the plan by another person is encouraged. This review
should be in accordance with NEM Section 511.05 Design
Checking and Review.

Plans and reports requiring the approval of a state agency and/or
another federal agency automatically are Class V and must be
forwarded to the state office. After review and approval by the
State Conservation Engineer, the state office will transmit plans to
the appropriate agency. All preliminary investigation reports for
RC&D and PL-566 projects, including drafts of measure plans
and work plans, are classified as Class V and must be approved
by the State Conservation Engineer.

When more than one engineering practice is involved in a project
and they are interdependent on each other, the approval authority
class for that project shall be based on the highest practice job
class. All practices for the project shall then be approved by a
person having review and approval authority for the higher job
class practice.

Class VI

Authority to approve jobs exceeding the scope of NEM 501.08
may be delegated to states if they have demonstrated competence
and if they have a sustained workload to maintain that
proficiency. When a State Conservation Engineer or other key
individual responsible for inventory and evaluation, design, or
construction is replaced, or when other conditions warrant, the
approval authority is to be reviewed. The Director, Conservation
Engineering Division, will initiate the review. The Director,
Conservation Engineering Division, will establish the level of
approval authority delegated to the State Conservation Engineer
and will notify the State Conservationist by memorandum.
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Class VII

Jobs not listed in NEM 501.08, or jobs that are larger or more
complex (except those specifically delegated to a state by the

Director, Conservation Engineering Division) are to be approved
by both the Director, Conservation Engineering Division and the

State Conservation Engineer. This is referred to as joint approval.

Joint approval encompasses the job design documentation,
drawings, specifications, design report, inspection plan along with
any specific construction inspection requirements identified during
the design process and, when applicable, the instrumentation
plan. Joint approval also applies to all significant changes
required during construction.

Class VIII

Jobs requiring the concurrence of the Director, Conservation
Engineering Division, are listed in NEM 501.08.
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Example 1

A farmer wants to divert floodwaters away from a machinery
storage shed and cropland. The 10-year peak discharge of 35 cfs
can be diverted with a small dike and channel with water 1.5 feet
deep. A 25-year peak discharge of 60 cfs will require water depth
of 2.3 feet in the same channel.

Use hydrologic criteria for floodwater diversion—Standard 400
and Appendix “C” to determine job class.

Given Data

a. 10-year peak discharge = 35 cfs, 25-year peak discharge =
60 cfs

b. Floodwater diversion protects cropland and a machine stor-
age shed improvement).

Solution

From hydrologic criteria in Standard 400, 25-year frequency
storm is the minimum hydrologic condition for design since
improvements are to be protected.

From Appendix C, page 3, the job class for water depth of 2.3
feet for the 25-year flood is less than the maximum of 3 feet for
Job.

Class II. The 25-year peak discharge is between 50 and 100 cfs,
therefore based on peak discharge the job class is Class IV.

For the above floodwater diversion, it would be Job Class IV
in the state of Idaho.
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Example 2

A drainage district needs to realign an open channel for future
road construction. The design flow for the channel is 120 cfs.
The realignment will steepen the grade so that erosive velocities
will be generated. To control velocities, a grade stabilization
structure will be required with a drop of six feet and a sidewall
height of approximately ten feet. What job class approval is
required?

Given Data
a. Design discharge = 120 cfs

b. Drop structure - standard design discharge = 120 cfs
sidewall height = 10 feet

Solution

From Appendix “C”, page 7, under Standard 582, Open
Channel, note that all discharges less than 250 cfs is Job Class
IV. For open channel criteria, the Job Class is IV.

Also from Appendix “C”, page 2, under Standard 410, Grade
Stabilization Structure, that design discharge, as well as height of
drop, determine the job class. Design discharge is less than 150
cfs which is the maximum for Job Class II. The height of drop
required of six feet will put the job class up to V (State Engineer
approval) since it exceeds the five feet allowed for Job Class IV.

The job class for design approval is V.
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Activity 1

A water and sediment control basin is being designed with an
underground outlet. The watershed is 29 acres and there is
adequate storage at the site to limit the outflow to 1.71 cfs.

What job class approval is required for this design?

Given Data
a. Basin drainage area = 29 acres.

b. Underground outlet discharge = 1.71 cfs.

Solution

After completing this Activity, please compare your answer with
the Solution on page 39 and 40.

Module 109—Design Hydrology
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Structure Classification

Some dams have greater significance than others because of their
potential for affecting public safety. The public concern for safety
of dams is often identified with the size of dam and reservoir.
Because dams, even though small, initially may present no hazard
in terms of loss of human life, their degree of hazard can change
as a result of downstream development. With this in mind, dams
are classified according to the potential hazard to life and
property if the dam should suddenly breach or fail. Existing and
future downstream development, including controls for future
development must be considered when classifying the dam. The
classification of a dam is determined only by the potential hazard
from failure.

Class (a)
Dams in rural or agricultural areas where failure may damage
farm buildings, agricultural land, or township and country roads.

Class (b)

Dams in predominantly rural or agricultural areas where failure
may damage isolated homes, main highways, or minor railroads
or interrupt service of relatively important public utilities.

Class (c)

Dams where failure may cause loss of life or serious damage to
homes, industrial and commercial buildings, important public
utilities, main highways, or railroads.

34
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Example 1

Given Data

A drainage district wants to build a dam to temporarily store
storm runoff so that it can be released at a slower rate that will
match the performance curves of their pumping plant. The dam
will be above primarily agricultural land with farm roads, county
roads and power lines within the flood path and possible

inundated area. The power lines provide power to the pumping
plant and isolated machine sheds.

Solution

The damage area will be agricultural land, isolated farm buildings,

county roads, and may interrupt power to the pumping plant or
farm buildings.

There are no homes in the damage area and no main highways
or railroads. The power lines in this case are not considered
“relatively important public utilities”.

This dam should be classed as an “a” hazard dam.
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Example 2

Given Data

A flood control structure on the outskirts of Ottumwa, lowa
outlets into a flood channel to the Des Moines River. Along the
flood channel are business districts and housing developments as
well as U.S. Highway 34 and a major railroad. What is the dam
hazard class?

Solution

This dam has the potential for loss of life during sudden failure.
Serious damage would result to homes, commercial buildings,
main highways, and railroads.

In accordance with National Engineering Manual policy, this is
a class “c” hazard dam.
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Summary

Conservation practices are defined in the National Handbook of
Conservation Practices (NHCP) which provides minimum design
criteria. Each state may add detailed criteria specific to projects
within that state to meet state laws or industry practice as long as
the criteria is more restrictive than the national standard. Refer to
the NHCP for definitions and details so that the proper practice
standard is used.

Once the applicable practice standard is selected, refer to the job
classification chart provided by your state. Appendix “C” is a job
classification chart taken from the state of Idaho. Your state has
something similar that covers Job Classes I through V. Job Class
VI through VIII are approved by the State Engineer and/or
concurrently with NHQ.

When embankments store 50 acre ft. or more and have a height
of 6 feet or more, or store more than 15 acre ft with an
embankment height of 25 feet or more, these are considered
dams by NEM policy. Dams must be classified according to their
potential hazard to life and property. Refer to the NEM section
520.20 for dam hazard criteria for class “a”, “b”, and “c” dams.
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Activity 1

A water and sediment control basin is being designed with an
underground outlet. The watershed is 29 acres and there is
adequate storage at the site to limit the outflow to 1.71 cfs.

What job class approval is required for this design?

Given Data
a. Basin drainage area = 29 acres.

b. Underground outlet discharge = 1.71 cfs.

Solution

From Appendix “C”, page 7, under Standard 638, Water and
Sediment Control Basin, the job class is specified by contributing
area. In this case, the drainage area is 29 acres or Job Class II.

Also from Appendix “C”, page 7, under Standard 620,
Underground Outlet, the job class is based on design capacity. In
this case, the discharge in the pipe is 1.71 cfs or Job Class IIl in
the chart.

Answer: The underground outlet controls the design job class
which is Class III in Idaho.
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Table 2-1

Technical Memorandum HYDRO-35.
Technical Paper 40.

Technical Paper 42.
Technical Paper 43.
Technical Paper 47.
NOAA Atlas 2.

Technical Paper 49.

Technical Paper 51.
Technical Paper 52.
Technical Paper 53.

Hydrometeorological Report 36.
Hydrometeorological Report 39.
Hydrometeorological Report 43.
Hydrometeorological Report 49.
Hydrometeorological Report 51.
Hydrometeorological Report 52.

Technical Paper 38.

Technical Paper 42.**
Technical Paper 47.**
Unpublished Reports:

42

National Weather Service References*—Precipitation Data

A. Durations to 1 day and return periods to 100 years

Durations 5 to 60 minutes for the eastern and central States (1977)

48 contiguous States (1961)
(Use for 37 contiguous States east of the 105th meridian)

Puerto Rico and Virgin Islands (1961)
Hawaii (1962)

Alaska (1963)

Precipitation Atlas of the Western United States (1973).

Vol. I, Montana Vol. II, Wyoming Vol. Ill, Colorado
Vol. IV, New Mexico Vol. V, Idaho Vol. VI, Utah

Vol. VII, Nevada Vol. VIII, Arizona  Vol. IX, Washington
Vol. X, Oregon Vol. XI, California

B. Durations from 2 to 10 days and return periods to 100 years

48 contiguous States (1964) (Use NRCS West Technical Service
Center Technical Note Hydrology-P0-6 Rev. 1973, for States
covered by NOAA Atlas 2).

Hawaii (1965)
Alaska (1965)
Puerto Rico and Virgin Islands (1965)

C. Probable maximum precipitation (See Figure 2-5)

California (1961)

Hawaii (1963) (PMP maps in TP-43* are based on HM Report 39)
Northwest States (Rev. 1981)

Colorado River and Great Basin Drainages (1977)

For 37 contiguous States east of the 105th meridian (1978)

Application of PMP estimates for 37 contiguous States east of the
105th meridian (1981-2)

States west of the 105th meridian (1960)
Puerto Rico and Virgin Islands (1961)
Alaska (1963)

Upper Rio Grande Basin, New Mexico, Colorado (1967). New
studies are in progress in S.E. Alaska and parts of Colorado,
Montana, New Mexico and Wyoming between the continental

divide and the 105th meridian.

*National Weather Service (NWS), National Oceanic and Atmospheric Administration (NOAA), U.S. Depart-
ment of Commerce; formerly U.S. Weather Bureau.

**Technical papers listed in both A and C.

(T.R. Notice 60-B, May 1982)
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Table 2-2

Minimum Principal Spillway Hydrologic Criteria

Class | Purpose | Product of Storage x | Existing or Planned Precipitation Data for Maximum Frequency'
of Dam | of Dam Effective Height Upstream Dams of Use of Emergency Spillway Types:
Earth Vegetated
single? less than 30,000 1/2 design life 1/2 design life
() irrigation | greater than 30,000 none 3/4 design life 3/4 design life
less than 30,000 P, P,
single or | greater than 30,000 none 1/2 (Py, + Py 1/2 (P, + Py)
multiple* all any® Pl Py
b single or
multiple all none or any Pl P,
(0 single or
multiple all none or any Pl Pl

Module 109—Design Hydrology—Appendix A

'Precipitation amounts by return periods in years. In some areas direct runoff amounts determined by figure
2-1 and 2-2 or procedures in Chapter 21, NSH-4 should be used in lieu of precipitation data.

Applies to irrigation dams on ephemeral streams in areas where the annual rainfall is less than 25 inches.
*The minimum criteria are to be increased from P25 to P100 for a ramp spillway.

%Class (a) dams involving industrial or municipal water are to be designed with a minimum criteria equivalent
to that of class (b).

SApplies when the upstream dam is located so that its failure could endanger the lower dam.
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Table 2-5

Minimum Emergency Spillway Hydrologic Criteria

Class

of Dam

Product of Storage x
Effective Height

Existing or Planned
Upstream Dams

Precipitation Data for!

Emergency Spillway Hydrograph

Freeboard Hydrograph

(a)*

less than 30,000

none

PIOO

P + 0.12 (PMP - P )

greater than 30,000

none

P, + 0.06 (PMP - P )

P + 0.26 (PMP - P, )

all any® P, + 0.12 (PMP - P, ) P, + 0.40 (PMP - P, )
) all none or any P + 0.12 (PMP - P, P,y + 0.40 (PMP - P,;)
© all none or any P, + 0.26 (PMP - P, ) PMP

P, = Precipitation for 100-year return period. PMP = Probable maximum precipitation.
“Dams involving industrial or municipal water are to use minimum criteria equivalent to that of class (b).
SApplies when the upstream dam is located so that its failure could endanger the lower dam.
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501.08

Part 501—Authorizations

State approval authority for design of engineering practices. (Maximum that may be ap-
proved in a state except under delegated authority.)

Practice
standard
code

Practice or
element

Limiting factor

Units

Quantity

560

Access road

Culvert

Pipe, inside diameter
(includes stormwater
conduits not associated
with access road)

Monolithic concrete
opening

Bridge span
(standard designs)

ft? 25

ft 24

Dams and structures—All with relatively impervious cutoff, simple foundation needs and
standard or proven designs for practice standards: Dam, floodwater retarding (402); Dam,
multiple purpose (349); Grade stabilization structure (410); Irrigation pit or regulating reser-
voir (552); Irrigation storage reservoir (436); Pond (378); Sediment basin (350); and Struc-
ture for water control (587). Dam classification is treated the same as other features for

approval purposes.

501-6

Hazard class

Effective height

Open channel spillways
drainage area

Prefabricated conduits
(single) inside diameter

Box culvert, area of
opening (standard) design

Storage X height

(210-V-NEM, Amend. 14, June 1989)

a
ft 35
mi? 20
in. 48
ft2 16
ac ft2 3,000
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Subpart A—Review And Approval
Practice
standard Practice or
code element Limiting factor Units Quantity
Dams and Structures Straight drop spillways
continued Net drop ft 8
Weir depth ft 4
Weir capacity . ft3/s 500
Box inlet drop spillways,
open or to conduit
Net drop ft 6
Weir capacity ft3/s 500
Toe walls
Net drop ft 4
Weir capacity ft3/s 300
Chutes
Net drop ft 12
Weir depth ft 3
Weir capacity ft3/s 300
Slide gate
Head 10 feet or more ft3/s 200
Head less than 10 feet ft3/s 500
Radial or tainter gates none
Siphon
Head ft 10
Capacity ft3/s 100
Minimum headloss
across siphon per 100 ft ft 0.5
Long span supported pipe
Capacity ft3/s 10
348 Dam, diversion  Streamflow (25 yr. freq.) ft3/s 2,000
Flow diverted ft3/s 200
Height of drop ft 8
356 Dike Water height ft 12
Hazard class &I
400 Floodwater Design capacity ft3/s 500
diversion Water height ft 6
(210-V-NEM, Amend. 5, August 1983

Module 109—Design Hydrology—Appendix B
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Part 501—Authorizations

(210-V-NEM, Amend. 5, August 1983)

Practice
standard Practice or
code element Limiting factor Units Quantity
404 Floodway Design capacity ft3/s 1,000
Hazard class I&II
320 Irrigation Design capacity ft¥/s 500
canal or
lateral
428 Irrigation Canal lining
water Design capacity ft3/s 200
conveyance
430 Irrigation Pipeline capacity
water Greater than 50 psi gym 3,500
conveyance Less than 50 psi gym 5,000
Land Reclamation
451 Fire each None
Control
452 Shaft and Shafts (vertical)
Adit Closing Complete filling ft 50
maximum depth
Capping, maximum ft 16
clear span
Plugs None
Adits (horizontal)
Barriers, permeable All
Barriers, impermeable (dams) None
453 Landslides Hazard to public safety
None
Slide area acres 1.0
Maximum depth to failure ft 10.0
Surface slope of slide percent 50
Moderate to high (similar None
to classes b and ¢ duos)
501-8
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Subpart A—Review And Approval

Practice
standard
code

Practice or
element

Limiting factor

Units Quantity

454

455

456

Subsidence
Treatment

Toxic
Discharge
Control

Highwall
Treatment

Rural areas

Surface reconstruction

Area

Maximum fill
Subsurface injection & support
Nonrural areas

Relocation and protection
(daylighting)
Depth of excavation, maximum
Area of excavation, maximum
Drainage control
Sealing openings to
underground mines
Infiltration control sealing
of waste, surface area
blanketing or impervious
membrane
Waste material modification
by processing and/or
addition of amendments,
surface area treated
Water treatment
One time treatment
and disposal of surface waters
Continuous discharge requiring
continuous treatment, flow rate

Hazard to public safety
None, maximum height
of unsupported cut face
No seepage
Seepage

Moderate to high (similar
to classes b and ¢ dams)

(210-V-(NEM), Amend. 3, May 1982)

Module 109—Design Hydrology—Appendix B

acres All

None
None

acre 20
None

acre 20

acre 20

All

None

None

5019
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Part 501—Authorizations

Practice
standard Practice or
code element Limiting factor Units Quantity
500 Obstruction Hazard to public during
Removal removal
None All
Moderate to high None
582 Open Design capacity ft*/s 500
channel (subcritical flow only)
516 Pipeline Length miles 30
Diameter in. 8
533 Pumping Propeller and mixed
plant for flow pumps, design
water capacity gpm 20,000
control
Static head
Propeller pump ft 15
Mixed flow pump ft 50
Centrifugal pumps
Design capacity gpm 3,500
Static head ft 350
Turbine pumps
Design capacity gpm 3,500
Static head ft 500
Recreation Master plan of
facilities development with engineering
structures or involving
construction equipment
Onsite water supply daily
or sewage treatment design
capacity 200
(people)
501-10

(210-V-(NEM), Amend. 3, May 1982)
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Subpart A—Review and Approval
Practice
standard Practice or
code element Limiting factor Units Quantity
Offsite public water daily
supply and sewage design
treatment capacity
(people) 400
No potable water or
sewerage included in
master plan all
580 Streambank and Beaches and shorelines
shoreline Revetments, bulkheads, and
protection groins. Height above mean
high tide or mean high water ft 3
Streambanks Vegetative all
Mechanical protection
Capacity (bankfull) ft3/s 2,000
Drainage area mi? 100
Channel depth, low bank ft 10
o584 Stream channel Design capacity ft3/s 500
stabilization
608 Surface drainage, Design capacity ft3/s 500
main or lateral
425 Waste storage  Effective height of dam ft 35
pond
313 Waste storage ~ Wall height
structure Above ground ft 16
Below ground ft 8
Tank span
Above ground all
Below ground ft 16
359 Waste Aerobic-surface area acres 10
treatment Anaerobic-volume ft3 2,000,000
lagoon Effective height of dam ft 35
501-10a
(210-V-NEM, Amend. 5, August 1983)
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Part 501—Authorizations

Practice
standard Practice or
code element Limiting factor Units Quantity
Any practice Alters the visual resources
of beaches and shorelines
on oceans and the Great Lakes none
Other Practices all

Bedding (310), Clearing and snagging (326), Commercial fishponds (397), Diversion (362),
Filter strip (393), Fish raceway or tank (398), Grassed waterway or outlet (412), Heavy use
area protection (561), Hillside ditch (423), Irrigation field ditch (388), Irrigation land leveling
(464), Irrigation system, trickle (441), Sprinkler (442), Surface and subsurface (443), Irriga-
tion system, tailwater recovery (447), Irrigation water management (449), Land clearing
(460), Land smoothing (466), Lined waterway or outlet (468), Mole drain (482), Pond
sealing or lining (521), Precision land forming (462), Pumped well drain (532), Recreation
land grading and shaping (566), Recreation trail and walkway (568), Regulating water in
drainage systems (554), Rock barrier (555), Roof runoff management (558), Row arrange-
ment (557), Runoff management system (570), Spoil spreading (572), Spring development
(574), Subsurface drain (606), Surface drainage, field ditch (607), Terrace (600), Trough or
tank (614), Underground outlet (620), Vertical drain (630), Waste management system
(312), Water harvesting catchment (636), Water and sediment control basin (638), Water
spreading (640), Well (642)

All jobs not listed or more complex than those above (except for those specifically delegated
to a State or those covered by interim standards, with approval specified in approval letter)
will require coapproval by the Head, NTC Engineering Staff and the state conservation
engineer. The following complex jobs are to be approved only after concurrence by the
Director, Engineering Division.

Class “C” Embankment over

dam and those an active fault all
with permanent

storage (other

than sediment)

Dams - (See
page 501-6) Drainage area mi? 50
Pumping plant  Design capacity ft3/s 1,000

for water control

501-10b

(210-V-NEM, Amend. 5, August 1983)

January 1996



——————————]\ - D C

Engineering Hydrology Training Series

Appendix C

Module 109—Design Hydrology—Appendix C 53



"uoiuyep Bley wep 1o} g/¢ ©poD dOHN ‘uswsjddng oyep| o} Jejed) "Ajuo subiseq prepuels,

January 1996

I oo+ |0S 0e ot ooV eBelioig
ooo'e |000't |si& |osk  |oe 2d-ov yBleH x ebelols
ol - - - - 2 (uBisep piepuels)
Bujuado Jo Baue HaANo xog 258 Jloniesay
14 8l 2l 8 9 ‘uj Jejaweip apisul Buienbay Jo 114 uoneBiu|
(e1Buis) Aemjjids unpuon osy Jloniesay abelioyg uoneBiuy
0z Gl o] S € 2N vase sbeurelp|  2op Buiprejey Jejempoo|4 weq
shemjjids jsuueyo usdp 8/¢ puod
Se 461 |45t [doL |9 o ‘Wbley ey | 0se uiseg juswipes
e e e e e - ssej piezeH 6vE asoding sidiyiniy weq
8 S ¥ 2 - ke doup jo wbiey
002 |00t 74 ot - - PSLSAIP MO
0002 |00S |0sZz |ost - sjo (Aousnbayy "IA Gg) mojweans | gpe uojsian(] ‘weq
sieq juawipas
- 14 - - - 1deoxe [eAowal uolonNAsqO oze BuiBbeug pue Buues|n
005 |00k [0S 4 - s)o Ryoedeo uilseg|  ozg [eJeye] Jo [eue) uopebBi|
18 9l «0} - - kT punoib mojeg -
v - - - - o punoJB anoqy - uedg yue}
8 8 9 - - H punoif mojeg -
9l <2} - - - EE| puno.B aaoqy - wybieH lem
1yBiem e [ewiue
I 00 |00k |- - "ON 'sq] 000' L Ayoedeo uBise@ | g1 a.njonig ebelols e1sem
1yBiem anj| [ewiue
v ooe |ost |ook |os 'ON 'sql 000'} Awoedeo ubiseg| gl wejsAg jusweBeue|y ejseM
v - - - - - -1 oie Buippeg
suoy | uBiseq | Bul A N LLE i I spun sioyoeS Bujjjonuo) 8poD wa)sAg o sopoeld
-ue|d a0)j08.1d
nwi reaolddy wnwixep sse|n qor
ele(q ol (Joswuedng aury) Aq penoiddy
areq ol (1eouibug ejqisuodsay) Aq uoneujwieleq [eolUYOS]
uopesol —__ epeln ollL aweN

foyiny jerorddy qop Guniesuibug oyepj

Engineering Hydrology Training Series



ies

Hydrology Training Ser

ineering

Eng

‘adid uo peay Bupjiom wnwixep,,.,

‘Aluo sBuimelp oyep| prepueist

‘fjuo subiseq piepuels,

114 00} 0S oe o] 8 14-0Y Ayoedeo
[o]8 - - - - S| adid papoddns ueds Buon
0oL |02 - - - s fyoede) -
(018 ot - - - k=] «pesH - uoydig
- - - - - - sejeb Jsjure) Jo jeipey
00S 09 S € ¥ sjo 199} O} Uey; sse| pesH
00c 074 14 4 - sjo 8iow Jo 199 O} pesH
ejeb epiig
ooe 0s - - - sjo - Ayoedeo Jiopy
€ € - - - gL | yidep Jiopp
cl (018 - - - i doip 18N
e e e e e uBisep pJiepuels seinyo
8 S 4 c - EE| SSS|WIO} B 81940U0D padlojuley
00S - - - - sjo Ayoedeo siapp
9 - - - - k=] doup 1eN
1npuoo o} Jo uado
- - v - sAemj|ids doup 19Ut xog
00S 0s - - - sjo Ayoedeo sopp
¥ € - - - o idep Jiopp
8 9 - - - o doip 1N
8 =) uBisep pJepuels shemjjids
9l < - - - o [einionuys 8181oU0d padiojuiey
v g 14 4 } o doip 18N
v 8 14 14 4 £ | Wbley |lemepis
14 00k |oO1 S i sp Ayoedeo ubiseg | /89 [0Jju0Q JejeM 10} SINONIS
v S 14 4 - - doup ybieH
- 00s |0S2 |0Gk - - spmold| Oy ainjonyg uoleziiqels epeln
‘Jsuon | ubiseg buu A A LR [y spun S10}0€ ] BUIjOUC) 8pon wa)sAg 1o eoloeld
-uelg sonoeld
jwi [eaciddy wnwixep sse|D qor

Aoyiny jenocsddy qop Bunissuibuz oyep|

55

Module 109—Design Hydrology—Appendix C



Engineering Hydrology Training Series

‘Ajuo subiseq piepuels,,

‘gopjoeid syl o} Aldde osje gz pue | sebed uo umoys se oo ‘eusiuo Aemjjids ‘ssep prezeH,

I Sl 6 9 ¥ sd} Ayoojop (Buur reue) g youq)
002 0s 02 ot g spo (Ayoedeo |  gzp souefeAuo)
uBisep) Buul| jeuen Jeye M\ uoireBi)
ge 6} (o] 8 - - o Lwep jo 1yBisy aAnoay3
4 00S 002 - - ‘'ON yBiem an|| [lewiuy
e e e e e - 'sq| 000' | Anoedeo uBiseq sey puod abelols aisepm
v 0S¢ 00} ot ] SO mojj uBiseq gey youqa episiiiH
I 0se 05} 0S sz sjo fouenbay |  ZlIp 18IN0
%0} - moyj ubiseq 1o Aemusjepp pesseln
Het He i =1 | i $sB|0 plezeH
000'k 0se 00+ |OF S sp Ayoedeo uBiseq |  vOp Kempoo|4
9 g 14 € F4 o wbisy serem
00S 001} 0s (o] S SO fyoedeo ubiseq oo uolsiaAI(] Jejempoold
v S b - - g ] wBiey |em epig 86€ yue | Jo Aemeoey usid
- v 091} o8 o oy vale abeulelq €6 duis J8lii4
I St ot 5 2 sjo fyoedeo ubiseg 88e yona piei4 uoneBiu|
v 0s [e]3 S € sjo Ayoedeo ubiseg 2oe uoisieng
g€ 61 - - - kT L«wep Jo wbiay aaijosy3
000'000°2 | 000'009 |- - - e BWN|OA - olgoiseUY
ot € - - - oy Bale adeyng - olqoley 6SE uooBeT
wawieal] siSepM
Hen Hn=ei ngi | - sse|0 plezeH
cl 9 14 € - i wbisy serem el aMia
‘Isuon | ubiseqg Buu A Al [ L sHuN sioloe4 Buljjonuo) 8poD walsAS 1o sonoeld
-ueld aonoeld
Hwi feaolddy winwixep sse|o qor

Aoyiny jeraociddy qop Builesuibug oyepj

January 1996

56



Engineering Hydrology Training Series

‘ue|d [e10] pue mainal suldiosipiejul eAey 1SN,

- - = - 1\ - - 4214 ureiq o|oH
1\'4 0S Ge S € SO moyj ubiseq 89p 18INO Jo Aemisrep paul
14 ore 09} o8 (014 oy payjeusq ealy aor Buiyioowsg pue
4 ove 09t 08 (074 oY peyjaueq ealy 1% Bulleae pueT uonebil
I 0ce ove 09t 08 oy psiysuaq ealy [4°i4 Buiwio4 pue uoisioald
1\ 09t [0)4 0] - oy «PaIeso Baly o114 Buwresjp puer
- - I\ 08 o oy paleuaq ealy 6t swabeuepy Jerepn uonebiig
Hn=e g fuesi (m 1] Sse|0 piezeH Kienooey Jeremie |
v Oce 09} 08 ov oY paljeueq ealy Viyd waelsAg uonebiu|
9 g 4 € 2 o wbisy sereMm soeynsqng pue
I ore |09k |08 ot oy peyjeusq ealy e soelNns ‘walsAg uonebiu)
v 14 4 | I ‘ON panISes sjun W) JO JequinN

I o9e |09l |08 ov "oy penies ealy vy Japjuuds ‘weisAg uonebiu)
I ov 0z - - oy peyjeusq ealy R apiol] ‘weisAg uonebiu
(V4 - - - - Ul 1sd 0g >

lgd0g |- - - - ‘uj 1sd 0g < azis adid oiseld

0006 - - - - wdb 1sd oG > v-33-0et (wps}
00s's - - - - wdb 1sd 0g < Aoedes suljedid | V-aa-0sy |  eouekeAuos Jayepn uoneBiu
000's 00S'y |009'€ |[00L2C | 006 wdB 1sd 0g >

gos'e  |ooo0's |ose'z |oos'k | o006 | wdb 1sd 0g < Anoedes euljedid osy souefeAuog 1slem uolebul|

‘Isuop | ubiseg | buiu A N [ b ] sHun slojoe Buljjonuod 8poD wa)sAs 10 sooeld
-ueld asohoeld
Hwi feaolddy winwixep sse|D qor

Aioyiny jeaocsddy qop Bupseauibuz oyep|

57

Module 109—Design Hydrology—Appendix C



ies

Ser

ining

Hydrology Tra

ineering

Eng

‘(g Je1deyd ‘g1 HIAN) pesy

ebieyosip altels se pauleal ‘(g Jeideyo ‘gL HIN) pesy ebieyosip onels eyl pue ¥s| UOKONS OIS BUL JO WINS ey} Se pauljeds

= = - - v - - 1SS swsBuelly moy
- - - - 172 - - GG6S isjlreg %00y
swalsAs

112 4 - - - oY -| tss ebeurelq u| Jerep BuneinBay

008 0s (014 [¢74 S kE| 4pesy oneis

00s'e 000t 0sg'e | 008'} | 006 wdb Ayoedeo ubiseq

v ore 09} 08 Oc oy dwnd suiqiny

0se 0s oy (04 S eE| «peay onels

00s'e 000'c | o0s2'z | o008t | 006 wdB Ayoedeo ubiseq

- - v 08 ov oy dwnd rebnjuusd

0s og Gl o} S k= dwnd moj} paxin

Sl (o] 8 ] S S k= dwnd Jssjjedoid

] ] 14 € 4 o pesy oneis

v ove 09} 08 (0]4 oy Ayoedes uBisep

000'02 | 0000} | 000'S | 008l | 006 wdB sdwnd moyy €65 [o5U0D JeTe M
paxiw B Jojjadoid Joj ue|d Buidwng

s - - - - - -l ees urelq [iem pedwng

v 61 Sl ol - i Juswuequws jo 1ybieH

I g 2 b - oy peleanealy| 12§ Buiury Jo Buirees puod

8 € € € 4 Ul Jssweliqg

oe S 14 4 8 N yibuan 918 suijadig

0o0s'e - - - - wdB auou - [eAOWSl

- - 4 - - - Buunp oignd o} prezey 00S |eAcway uononisqO

‘Isuoy | ubiseg | Buw A N bhE 1t | sHun slojoe Buljonuo) 8po) wa)sAg 10 eojoeld
-ueid sopoeld
Hwi reaocsddy wnwixep sse|o qop

Auoyiny Jeaocsddy qop Bunioosuibuz oyep|

January 1996

58



Engineering Hydrology Training Series

ol - - - - E%| yueq moj - Yidep jeuueyd
00} - - - - W ease ebeureiq
0002 | - - - - sp (Iinpjureq) Ayoedeo
uojoajoud [eojueyosy
14 - - - - - aAljelebBoan - syuequieang
e - - - - EN| Jsyem yBiy uesw Jo epn yBiy
ueaw aroqe WyBleH - suioib
v 0c - - - oy B speayy||ng sjuswieAsy
00S 0s (04 o0c S EE| seuljeloys pue seyoesqg 08S uofosjold Juequeais
- - - "4 - ‘ON Ajuo Jayem xools V.S swdojeasq Buudg
- - - - % - o Buipeauds yueqjiodg
1\ or - - - oy ealy 0.5 wielsAg uswebeuep jouny
- - - 11 - o - 895 Aemjfepn pue fel] uopesiosy
- - I\ 08 o oy dwnd ebnyus)d Buideys pue Buipeln
= - LY [0]8 - oY - 995 pueT] uoljealosy
Sl (0] 8 S S S k= Ajuo 1snpmes
- I S 2 L oy yieq ‘siepulo ‘|eneln 195 uoposjold ealy esn AxesH
ve - - - - E%| (uBisep piepuess)
ueds-aBpug
Sc 0c St - - 2 Bujuedo 83810U0D OlyHjOUO
4 - - - - - (spoou ssaooe yum
114 6} Sk (o8 - k=] pejeloosse Jou sUNpuod
v S 4 I - oy JoYem Wiojs sepnouy)
9 4 € c - RE| Jejeweip episu| adid - HBAIND
12 |ereln) |jeAeln | einieN | - adA] eoelNg
17 4 2 1 - A yibus 095 peoy ssaosoy
112 005'c | 000'L - - 24 eale a0ens jJooy 855 Ayjioe juswebeuep
jjouny 1004
1suo) | ubise | Bulu A A FLL [ sjun siojoed bujjjoquod 8pon WaISAS Jo edloeld
-ue|d sojjoeld
Hwi] feaocsddy winwixep sse|D qor

Aoyiny jeaosddy qop Burissuibuz oyepy

59

Module 109—Design Hydrology—Appendix C



Engineering Hydrology Training Series

‘Ajuo subisaq prepuels,

v 00k [0S [+14 - k= ydaeg 45 lIeM
- - - - 174 - - or9 Buipesidsiare
v 0L |08 (0,4 0c oY vose Bunnguiuo) 8€9 uiseg [0JU0D JusWipag @ 18l
N - - - - - -| oe9 ureiq [edion
v € 2 b S0 sp Ayoedeo ubiseg 029 leinO punoiBiepun
= - - v M ‘ON - 79 yue ] 1o ybnoi
00S 0s ge Sl S S0 Auoedes uBiseq 809 [elsjeT Jo uiely - uleig sdeuns
v ok |OCh 08 oy 4 ease abeureiq 109 yaoua pield - ulelq soelng
v ove |oz+ |08 |ov oy payeuaqealy | 909 ureiq eoepNsans
- v ov9 |09€ |Ove oY weyshs u| ealy 009 edelle
0os |- - - - sjo Auoedeo ubissg 85 uonezijiqels [suueyD weansg
IV 12 1 ! - W (Ajuo moyy [eaLioans)
oos |osz |- - - sp fyoedeo ubisea | 285 leuueyd uedo
‘Isuo) | uBiseg | buiu A A LhE b ] STTe) siojoe Buijjonuod apoD wa)sAs 10 soioeld
-ue|d aoloeld
W [eAclddy wnwixep sse|o qor

fioyiny Jenocsddy qop Buneouibuzy oyepy

January 1996

60



Engineering Hydrology Training Series

olor4 - - - (e1doad)
Aoedeo

uBisap Juswiesal; abemes pue

Areg Ajddns is1em ojjgnd sus-JO
002 - - - (eidoad)
Auoedeo

uBisep uswieal} abemes

Aireq 10 Ajddns Jsyem ejis-up

‘wswdinbs

uoionJsuod BulAjoAu|

Jo sainonuis Bunissuibus

yum Juswdojenep jo ueid Jejsep seljioed uojesIosy
1suo) | ubiseq buu A N LLL L | sSuun siojoe buljjonuod apoD WISISAS 10 aoijoeld
-ue|d adljoeld

1w reaosddy winwixep

sse|0 qor

fAoyiny |ercsddy qop Buipiesuibugz oyepy

61

Module 109—Design Hydrology—Appendix C



Engineering Hydrology Training Series

62

January 1996



©0IAI8S UOHBAIESUOD $82IN0SaY [einjeN ‘einnouby Jo uswpedsq selels panun

120130 Sururer]

are( paoudig

"pi0d21 s 22Aiojdwia pauwieu-an0qe a3} Ul Pajusniop pue padpajmous(oe sI

ABo[oIpAH UBisa(—60T 2MPOIN
sollog Buiureld] ABojoIpAH jo uoneduwo)

juedopied 1aufes ] /1o0siatedng

paudig

‘Butures; jo sinoy 224y} Uim pajipaid aq pnoys pue uo

ABOJOIPAH UBISo(T—( 0T 2NPOIN
saliog Bururei] ABOJOIPAL paje[dwiod sey

ey} Ajiaed 0} st sIy |
uorna[dwo)) Jo ajedynia))

ABO[OIPAL ubisa(T—6 0T 2INPOIN
saeg Sururel] ABSO[OIPAL







	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

