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Introduction

Urbanizaticn and 2 focus on drainage priorities in the County of El Dorado provided an
impetus for the development of a criteria document to address the procedures of hydrology
and hydraulics required for the analysis and design of drainage facilities within the County.

The Board of Sepervisors directed the Department of Transportation to develop a Hydrology
and Hydraulics Manual with an objective to furnish the user with computational techniques
and criteris requured for the performance of hydrologic and hydraulic analysis and design of
drainage facilities within the County. This manual is intended to outline procedures
necessarv to provide uniform methodology in the performance of the analysis and design of
these faciliies. It has been prepared on the basis of research, development of criteria
consistent with state of the art procedures and actual design experience.

The results of the analysis and design performed in accordance with the guidelines established
by this manual kargely support proposed design of discretionary applications such as tentative
subdivisior maps and parcel maps. The latter applications are projects subject to
environmental review whereby the submitted drainage analysis and design proposals will be
critiqued for emvironmental impacts by the County of El Dorado.
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Section

1

Definitions and General Drainage
Guidelines

Contents of this section
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Appendix 1.2 Defimtions = ... ... 1-23
Appendix 1.3 References . .. ........ ... 1-41

1.1 Organization of Manual

This manual is organized into seven sections as follows:

. Section I - Definitions and General Drainage Guidelines
Section | outlines basic criteria required for drainage analysis, design
and submittals.
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» Section 2 - Hvdrology
Section 2 presents techniques and criteria for determining runoff
hydrology.

» Section 3 - Surface Drainage Design
Section 3 discusses the analysis procedures and design criteria for
surface drainage improvements.

» Section 4 -Hydraulic Design of Closed Conduits
Section 4 outlines criteria and analytical procedures for closed conduit
drainage systems.

« Section 5 - Stormwater Storage Design
Section 5 defines storage design requirements and provides guidance
for planning and analyzing structures.

e Section 6 - Hydraulics of Open Channels
Section 6 discusses channel types and specific criteria and issues to be
considered in the design of such channels.

« Section 7 - Hydraulic Design of Culverts
Section 7 discusses the criteria and analytical procedures of culvert
design.

This manual also references several source materials which consider
appropriate procedures applicable to the analysis and design of civil
drainage facilities. Users are directed to the references as necessary to
adequately investigate the details of a particular analysis or design. El
Dorado County expects that the user understand that the procedures
outlined in this manual are not intended as a substitute for sound
engineering practice.

1.2 Protection of Life and Property

The provision of adequate drainage is necessary to preserve and promote
the general health, welfare and economic well being of the public.
Drainage is a regional feature that affects all parcels of property. The
responsibility for stormwater management is shared by governmental
jurisdictions and all property owners.
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Implementation of measures which will lessen the exposure of the
public, property and infrastructure to losses due to flooding, improve the
long-range land management and use of flood-prone areas, and inhibit,
{0 the maximum extent feasible. incompatible development in such areas
should be considered wher: planning and designing new drainage
facilities or improvements to existing drainage facilities.

All habitable structures and other improvements subject to potential loss
of life or property when inundated by flood waters. shall be protected
from damage pursuant to the requirements set forth in the El Dorado
County Grading and Dramage Ordinance. Drainage facilities shall be
planned and designed to protect life and property pursuant to applicable
provisions included in this document and the El Dorado County Design
and Improvement Standards Manual and the Uniform Building Code.

1.3 Disposal of Storm Runoff

The planning and design of drainage systems within El Dorado County
shall take into consideration any potential downstream 1mpacts including
those to property, flow regimes, water quality or riparian and wetlands
areas. Provisions mitigating potential impacts shall be inciuded as a
part of the drainage analysis for the proposed project.

Planning and design o drainage facilities shall not be based on the
premise that drainage problems can be transferred from one location to
another except when the transfer is part of a regional solution to flood
problems. A proposed development shall not create increased runoff to
downstream property through diversion of flows which had previously
drained to another area without the implementation of adequate
mitigation measures.

Diversion into non-tributary watercourses is discouraged. Diversion of
natural runoff or blocking of existing drainage conveyances shall not be
permitted without adequate provisions and mitigation. Modification of
runoff from unconcentrated flow to concentrated flow associated with
proposed downstream disposal shall be evaluated and appropriate
mitigation implemented. such as providing sheet flow for drainage or
the implementation of erosion control provisions.

=
:
V)
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1.4 Increased Runoff

Increases in storm runoff from upstream properties resulting from
improvements is discouraged in El Dorado County. Improvements
which propose to increase stormwater runoff from an upstream property
shall be evaluated to determine if downstream conveyance facilities can
accept and convey the runoff increases. Previously planned or designed
system downstream facilities shall have the reserve capacity to accept
the runoff increases.

If downstream facilities do not meet the criteria stated above, a detailed
analysis shall be made to include impacts and mitigation to all
downstream facilities to show that the downstream existing facilities can
adequately accept the increased flows. This analysis shall include
conveyances to the confluence of the nearest master planned, regional or
previously designed system or until the impacts are determined to be
less than significant. The detailed analysis must show that land of
downstream properties is not lost due to increased flood plain limits,
there is no increase in erosion, there is no net loss of storage available
to attenuate peak flows, and the capacity of the downstream facilities
are such that they can accommodate the increased flow from the
maximum development possible for the entire upstream catchment. The
maximum development possible shall be based on current General Plan
Land Use.

When downstream facilities are unable to adequately accommodate
increases in stormwater runoff, appropriate mitigation measures shall be
implemented into the analysis and design. Implementation of detention
or retention facilities on-site to attenuate peak runoff to a level which
does not impact downstream facilities is acceptable in El Dorado
County. Requirements for mitigation of regional flooding problems
may necessitate reservation of capacity of these conveyance facilities by
the County of El Dorado. Determination of regional impacts will be
considered on a case by case basis.

1.5 Flood Plains

Flood plain requirements must include the definition of the natural
easement boundaries necessary for intermittent occupancy by runoff
waters. Encroachment upon this easement by development can
adversely atfect upstream and downstream flooding occurrences during
periods of high runoff.
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Land development shall be evaluated for impacts to flood plains both
onsite and offsite. Measures shall be implemented which will lessen the
exposure of property and facilities to flood losses and inhibit
incompatible development in flood-prone areas. Flood plain limits shali
be delimited along all sigmificant watercourses within the proposed
development. Flood plain boundaries shall be shown on preiiminary
and final subdivision maps. The area inundated should be indicated as a
flow easement. Flood plain designations should account for future
development within the catchment.

Limits shall be estabiished from appiicable Federal Emergency
Management Agency studies. U.S. Army Corps of Engineers Flood
Plain Information Studies. U.S. Geological Survey Flood Plain Maps,
regional flood studies prepared by private consulting engineers or other
appropriate studies.

Proposed development within a flood plain shall have also met all
requirements and obtained all necessary approvals from jurisdictional
agencies independent of the County of El Dorado and the requirements
set forth 1n this document prior to improvement plan approval. It no
requirements exist. documentation shail be provided stating that an
investigation was made and requirements do not exist.

1.6 Erosion and Pollution Control

Storm runoff can transport pollutants which can degrade the quality of
surface waters. The water quality parameters of concern include total
suspended solids. oxvgen demand, nutrients, trace metals, oil and grease.
bacteria. elevated temperatures, pesticides and herbicides. Hydrologic
changes can occur when natural lands are developed to support land use
needs. Pollutants can occur in higher concentrations in post-
development conditions resulting from surface runoff volume increases
and evapotranspiration and infiltration decreases. Additionally, erosion
resulting from development can cause an increase in the sources of
sediment and other tvpes of water pollution.

Storm Water Management Programs (SWMP) are used to implement
provisions designed to reduce the discharge of pollutants to the
maximum extent practicable with an objective of protecting receiving
waters. SWMP incorporate the use of Best Management Practices
which are comprised of source and treatment controls. Best
Management Practices are used as an aid in preventing pollution from

1-5
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entering storm water and to treat polluted runoff pursuant to designated
beneficial uses. Beneficial uses may include drinking water supply,
body contact recreation, fisheries protection and groundwater
replenishment.

The County of El Dorado Grading, Erosion and Sediment Control
Ordinance provides for regulation of storm water pollution resulting
from development due to grading activities on private lands.
Requirements for erosion and sediment control measures for proposed
improvements are outlined in the County of El Dorado Design and
Improvement Standards Manual. Guidelines identified in this manual
are intended to supplement provisions outlined by specific El Dorado
County ordinance and prescriptive standards as defined in the County of
El Dorado Design and Improvement Standards Manual. Additionally,
El Dorado County endorses the use of applicable procedures
recommended in the following documents:

« High Sierra Resource Conservation and Development Council, 1991:
Erosion & Sediment Control Guidelines for Developing Areas of the
Sierra Foothills and Mountains

« Tahoe Regional Planning Agency, 1986: Handbook of Best
Management Practices

» Storm Water Quality Task Force, March, 1993: California Storm
Water Best Management Practice Handbooks

1.7 Lake Tahoe Basin

Surface water runoff within the tributary area of Lake Tahoe is subject
to specific water quality standards and objectives unique to the Lake
Tahoe Basin. Jurisdictional requirements are pursuant to regulations,
standards and objectives imposed by the California Regional Water
Quality Control Board, Lahonton Region and the Tahoe Regional
Planning Agency.

All proponents of projects under the above jurisdictional authority must
submit plans for drainage facilities to the appropriate permit-issuing
authorities. Planning criteria and procedures to calculate stormwater and
snowmelt flows and to design drainage facilities shall be subject to
approval of the permit-issuing authorities.
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1.8 Drainage Requirecments

1.8.1 General Design Criteria

The information presented in this manual is intended to provide
consistent, specific criteria and guidelines regarding the design of storm
drainage facilities and the management of stormwater in the County of
£l Dorado. Additional drainage criteria and design requirements are
included in the Countyv of El Dorado Design and Improvement
Standards Manual and in the County of El Dorado Grading, Erosion and
Sediment Controi Ordinance. Storm drainage planning and design in El
Dorado County shall adhere to the criteria presented in this document.
in the Design and Improvement Standards Manual and in the Grading,
Erosion and Sediment Control Ordinance. Submittals will be reviewed
and evaluated against the criteria outlined in these documents.

1.8.2 Design Criteria - Land Divisions
e General Requirements

Subdivisions shali he designed to receive surface water, siream water,
and flood water emanating from outside its boundaries and from within
and passing such water through and off the subdivision without injury to
improvements, buildings or building sites and without adversely
impacting or exceeding the capacity of existing downstream drainage
facilities. Surface waters shall be discharged into the natural
watercourse to which they would normally drain. If surface waters are
gathered. they must be conveved under control to a water course.
Design of drainage facilities shall be such that they will accommodate
the ultimate development within the drainage area with minimum
modification to building setback areas around wetlands (i.e., marsh.
springs and streams}.

«  Design of Drainage Facilities - Hvdrologic Design

Flood estimation used for the design of drainage facilities can be based
upon either historical, observed flood data or from data obtained
through statistical anaiysis. Determination of critical events must be
made and the probability of recurrence must be analyzed. Acceptable
levels of risk must then be established and then the design of
stormwater facilities can be based upon the risk (cost) of the flow
exceeding a selected design. (Risk-based design, WEF/ASCE. 1992).

[
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There is confusion about the meaning and application of the criteria
related to drainage design. For example, the "100-year runoff event" is
the event that has probability of occurrence of 0.01 in any given year.
It is often taken to mean that the event will occur only once in one
hundred years, which although true on the average, may not be true for
a particular 100-year period (WEF/ASCE, 1992).

Fortunately, the density of precipitation gages in the County of El
Dorado is sufficient to permit fitting a statistical model of precipitation
depths, from which storms of specified return period can be predicted.
From these storms, discharge can be estimated with a rainfall-runoff-
routing model. If the median or average values of all model parameters
are used, the return period of the discharge computed from precipitation
should equal approximately the return period of the precipitation
(Pilgrim and Cordery, 1975). This is the assumption which El Dorado
County has adopted to determine acceptable levels of risk in the design
of drainage facilities.

The following defines the levels of risk and protection for drainage
facilities in El Dorado County.

1. Those watercourses set forth in master drainage plans for specific
catchments within the County of El Dorado shall be designed and
constructed not to exceed the quantities of water indicated in such
master drainage plans when said plans are adopted. All other
watercourses and drainage ways shall be designed by a civil engineer
in accordance with the criteria described herein.

(8]

Drainage facilities for areas greater than 100 acres shall be designed
to safely convey the storm runoff from an event with an average
recurrence interval of 100 years. All available headwater depth of
the culvert may be utilized for these facilities. Flooding effects
from backwater shall be analyzed when available headwater depth is
incorporated into the design.

Drainage facilities for areas less than 100 acres shall be designed to
safely convey the storm runoff from an event with an average
recurrence interval of 10 years without the headwater depth
exceeding the culvert barrel height. Exceptions will be considered
on a case by case basis when upstream ponding is required for the
attenuation of flood peaks.
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The use of natural channels for the collection and conveyance of
storm water runoff is preferred in El Dorado County. The many
advantages of natural channels include the following:

Preservation of riparian habita:.
Water quality enhancement.
Preservation of tlood piain storage areas.

Energy dissipation due 1o vegetation. irregular alignments and
sections.

Passive recredtion uses.

Aesthetic qualities consistent with the rural character of El Dorado
County.

Natural channels may be used for the conveyance of storm runoff
when the following conditions are satisfied:

a. The natural drainage ways and other courses shall contain
sufficient capacity to sately convey the storm runoff from an event
with an average recurrence interval of 100 vears.

b. The natural waterways shall have historically existed in a
reasonably stabie condition.

c. It can be shown that erosion is not likely to occur as a result of
the land improvements. Channel stability is discussed in Section 6 -
Hydraulic Design of Open Channels of this manual.

d. Considerations are given to the natural floodway and open space
requirements of the conveyance facility. Channels and adjacent land
areas shall be reserved to provide an unobstructed area for the
passage of the 100-vear runoff event while providing for the
appropriate use of adjacent lands based on knowledgeable awareness
of flood hazards. Where appropriate. floodplain and open space
criteria shall comply with FEMA standards and the 100-year flood
plain shall be designated.

Natural channeis shali be capable of conveying runoff without
increased erosion. widening and meandering of the channel
alignment due to increased runoff from development.

)
O
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Improvements to natural channels which provide additional capacity
and/or stability erosion may be necessary when this criteria cannot
be satisfited. Channel improvements shall adhere to the guidelines
set forth in Section 6 - Hydraulic Design of Open Channels of this
manual.

Design flows shall be computed by use of the methods prescribed in
Section 2 - Hydrology of this manual.

Design of Drainage Facilities - Hydraulic Design

The depth of flow or ponding shall not exceed a level which
would cause inundation of building sites. One foot of freeboard
shall be maintained between the building finished floor elevation
and the water surface elevation resulting from a storm runoff
event with an average recurrence interval of 100 years.

The depth of flow or ponding shall not exceed a level which would
cause inundation of areas required for on-site sewage disposal
systems. Requirements for the planning and design of on-site
sewage disposal systems are outlined in the County of El Dorado
Design Standards for the Site Evaluation and Design of Sewage
Disposal Systems.

Inundation of sanitarv sewage manholes by stormwater from
stormwater conveyance facilities shall be avoided. In cases when
inundation of sanitary sewage manholes is unavoidable, approval
from the appropriate jurisdictional agency will be required and the
manhole shall be sealed sufficient as to not allow stormwater to
enter the structure.

Roadside ditches are permitted in El Dorado County provided the
ditches are designed to carry runoff from the road surface and
adjacent tributary lands without damage to the roadway or
adjacent property. Roadside ditches required to transport storm
runoff that has been gathered and conveyed to the roadside in
channels or conduits is discouraged; however, will be reviewed
on a case by case basis where it can be demonstrated that the
activity will not create inundation of traffic lanes or additional
maintenance requirements. Maintenance can be required due to
deterioration of roadside drainage ditches caused by stormwater
runoff. Deterioration may be due to scour from high velocities,
sedimentation at low velocities or ponded water. The depth and

1-10
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velocity of flow in roadside ditches shall be analyzed to
determine the requirements for scour prevention and other
erosion measures. maintenance, prevention of ponding, frequency
of cross culverts and right of way requirements. Further
guidance can be found in Hydraulic Design Series No. 4, Design
of Roadside Dramage Channels, published by the U.S.
Department of Commerce, Bureau of Public Roads.

Permissible velocities are presented in Table 6.3.1 of this manual.
Where practical. the velocities shown in Table 6.3.1 shall be
considered as maximum allowable for roadside ditches and open
channels. Instances in which velocities are exceeded. the design
assumptions shall be justified by the design engineer and shall be
reviewed and are subject to approval by El Dorado County on a case
bv case basis.

In general. the placement of new roadways in locations previously
occupied by drainage ways 1s discouraged in El Dorado County.

For major land divisions, if large drainage ways must be located
within the road rights of way, the water shall be carried underground
in closed conduit. Special consideration of the above criteria will be
considered for rurai locations on a case by case basis when
mitigating circunsiances can be demonstrated.

Drainage ways shall not block reasonable access to lots. Reasonable
access is defined as permitting a driveway to be constructed utilizing
an eighteen inch diameter pipe or smaller.

Storm runoff ponded on road surtaces resulting from depressed areas
caused by grade changes or the crown slope of intersecting roads has
a substantial effect on traffic safetv. Problems include depths of
ponding higher than the adjacent curb, ponding which remains on
the roadway for long periods of time and vehicles entering ponded
areas at high rates of speed. Depressed areas that create ponding
which encroach mto the traveled lane will not be allowed in El
Dorado County.

Depressed areas that create ponding due to site grading will
generally not be allowed. Exceptions will be considered on a case
by case basis when retention is required for the attenuation of flood
peaks or other mitigating circumstances can be demonstrated.

[
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The minimum culvert size for street crossings shall be 18 inches in
diameter including street cross culverts with grate covered drop
inlets. No storm drain conduit shall have a diameter less than that
of the conduit upstream from it. Where the slope of the culvert is
not sufficient to produce self-cleaning velocities, larger culvert sizes
should be considered for maintenance requirements. Exceptions will
be considered on a case by case basis when upstream ponding is
required for the attenuation of flood peaks or other mitigating
circumstances can be demonstrated.

Roadway cross culverts maintained by El Dorado County placed in
drainage ways shall have flared end sections, beveled end sections,
or P.C.C. concrete headwalls on the inlet side. The outlet side shall
have such end sections or slope protection that will return water to
the normal flow without causing erosion.

Structural Design

Drainage facilities shall conform to standards found in the County of
El Dorado Design and Improvement Standards Manual and this
manual. If applicable standards are not available, structural design
shall be made and materials shall be specified by the civil engineer.

Drainage channels shall have side slopes of 2 to 1, or flatter unless
mechanical stabilization is used. Bank stabilization and stream bed
stabilization along constructed or natural channels is required if the
channel velocities are sufficient to cause bank or bed erosion.

If closed conduit is used for storm drainage, manholes shall be
provided at all angle points and at intervals not to exceed 400 feet
along the conduit. Small diameter conduits with short runs may
utilize drop inlet structures at angle points in place of manholes.

Drainage facilities located at areas subject to vehicular loading shall
be able to withstand maximum legal vehicle loads and contain
materials that will have a service life of 50 years pursuant to the
testing methods for the selected material identified in the State of
California Department of Transportation Standard Specifications.
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Easements for Drainage Purposes

Drainage easements shall be shown on the parcel or final map and
identified as such by the words "Drainage Easement”. Combined
easements will be considered for approval pursuant to the
requirements of shared use.

Drainage easements for closed conduits and appurtenances shall be
no less than 10 feet in width and sufficient to provide 2 feet of
clearance outside such conduits and appurtenances. Drainage
easements for closed conduits shall not traverse under a building
footprint and shall. insofar as possible, be placed away from the
building footprint along or adjacent to lot boundary lines in a
straight alignment without angie points.

Drainage easements for constructed channels and appurtenances shall
be no less than 10 feet in width and sufficient to contain the top
width of the channel pius an 8 foot continuous maintenance way on
one side and 2 feet on the other side of channels less than 20 feet in
top width. The maintenance way shall be 15 feet when the channel
width is greater than 20 feet.

Drainage easements for minor conveyance swales shall be sufficient
to contain the swale plus provide 2 feet of clearance on both sides of
the top of the swale. Drainage easements to accommodate the
drainage swale shall be shown on the parcel or final map and
designated by the following statement:

A perpetual right of way over, upon, and across those strips of land
between the rear and/or sidelines of lots and the lines shown hereon
and designated "secondary flowage easement” for the purpose of
preserving and forever leaving open an easement for the passage of
surface drainage.

Drainage easements for natural waterways are subject to the
following criteria:

Drainage ways originating within the subdivision and not receiving
water from culverts or roadside ditches do not require easements.
All other drainage ways and all watercourses require drainage
easements reserved for drainage purposes.
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Drainage easements for natural waterways shall be located and
approximately shown within the lot or parcel.

Drainage easements shall be no less than 10 feet wide and sufficient
to contain the channel plus additional space for a maintenance way.

Requirements for all watercourses within the jurisdiction of the State
of California Department of Fish and Game shall be provided for by
the drainage easement.

Drainage Easement Maintenance

Class I Subdivisions shall form a community services district or
develop a county services area to provide drainage easement
maintenance.

For all other land divisions, drainage easements located outside the
areas of El Dorado County rights of way shall have adequate
provisions to ensure maintenance as a condition of the land division

approval.

1.8.3 Submittal Requirements

Submittal of a hydrologic and hydraulic analysis is required for all
proposed drainage facilities. This requirement is applicable to
discretionary applications for proposed developments including Class I
Subdivisions. Rural Subdivisions, Minor Land Divisions (parcel maps),
Commercial, Industrial and Multi-Family Developments to describe the
drainage related facilities associated with any of the above activities. In
cases where the applicant determines that drainage improvements are
minor and would not require a detailed analysis, the applicant can
request, in writing, an exemption from this submittal requirement be
granted by the County. Applications will be reviewed on a case-by-case
basis when mitigating circumstances can be demonstrated by the
applicant.

Provisions in the County of El Dorado Grading, Erosion and Sediment
Control Ordinance also require submittal of a grading and drainage plan
when surface drainage is discharged onto any adjoining property. An
analysis of the effect of the discharge is required to be inciuded with the
submittal.
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Drainage analysis submittals for minor land divisions shall include
adequate supporting hydrologic and hvdraulic information for the
proposed improvements and supporting documentation including
computations and any relevant information which will assist in the
review process. Minor land divisions are defined in the County of El
Dorado Minor Land Division Ordinance.

Drainage analysis submittals to be provided with the submittal of design
plans included in discretionary applications for major land divisions
shall include a hydrologic and hydraulic analysis report. Major land
divisions are defined in the County of El Dorado Major Land Division
Ordinance. The following outlines requirements for the hydrologic and
hydraulic analysis report.

« Hydrologic and Hydraulic Analysis Report

The hydroiogic and hydraulic analysis report should include a
complete analysis of proposed improvements and supporting
documentation including computations and any relevant information
which will assist in the review process. The report shall be prepared
by a Civil Engineer who 1s registered in the State of Caiifornia. The
report shall bear the State of Calitorma Registered Professional
registration seal with signature, license number and registration
certificate expiration date of the kngineer responsible for the
preparation of the report. The following information is considered
as the minimum for inclusion in the drainage study submittal.

« Inrroduction and Background

The introduction and background should consist of a discussion of
the proposed project including existing conditions. A discussion on
the purpose and scope of the drainage study and a discussion of the
proposed methodology for the analysis should also be included. The
report should contain a description of the project site and a location
map. A discussion of the level of detail for the study and general
assumptions including those associated with parameter estimations
considered for the analysis should be incorporated. Existing
drainage problems or proposed alterations to existing drainage
features or flows should be identified and thoroughly discussed.
Discussion of constraints which influence selection of available
alternatives should also be included.
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Location Map/Description

A discussion of the project area including a map identifying the
location of the proposed project should be included in the study.

Catchment Description/Delineation

The catchment tributary to project improvements and to downstream
facilities being analyzed should be delineated on mapping sufficient
to identify the parameters utilized in the analysis. Scale and detail
should be sufficient for the level of analysis. A base map created
from information on a U.S.G.S. 7.5 minute quadrangle map will be
considered as minimum required for the submittal.

Hydrologic Analysis

The hydrologic analysis should include a presentation and
discussions of the results obtained by the analysis and calculations
performed pursuant to the guidelines set forth in Section 2 -
Hydrology of this manual.

Hydraulic and Structural Analysis of Existing and Proposed
Drainage Improvements

The hydraulic and structural analysis should include a presentation
and discussions of the results obtained by the analysis and
calculations performed pursuant to applicable guidelines set forth in
Sections 3 through 7 of this manual. The hydraulic and structural
analysis should also include a discussion of the condition of existing
drainage facilities including hydraulic capacities, flow characteristics
and structural integrity. A discussion of the proposed drainage
facilities should also be included with respect to the similar issues.
Mapping should be included which is sufficient in detail to identify
the drainage system and analytical parameters.

Risk Assessment/Impacts Discussion

As a minimum, an evaluation of the significance of computed
discharges with respect to flood protection, flood damage and
redistribution of losses incurred by flooding should be included in
the report. Vulnerability of exposure should be determined and
proposed improvement levels of protection should be justified.
Cost/benefit review of increased levels of protection and
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analysis/estimate of potential damage to property at risk should be
investigated and discussed in the report. A discussion of any
potential catastrophic losses including associated value should be
adequatelv discussed when applicable.

Impacts to downstream facilities and other proposed mitigation
measures included in the design should be discussed. Potential
impacts resulting trom backwater effects, hvdraulic scour and
deposition, off-site discharges and other environmental issues should
be thoroughly analyzed and discussed in the report.

Unusual or Special Conditions

Any unusual or special conditions should be discussed in the report.
These might inciude those related to existing facilities. physical or
hvdrological characteristics of the catchment and unusual or special
requirements ot the existing or proposed drainage system such as
those related to operation or maintenance. Description of any
special permits or special conditions required from regulatory
agencies other than El Dorado County for the construction of
proposed drainage improvements should be thoroughly discussed in

the report.
Conclusions

A conclusions section should be included in the report. Outcomes
resulting from the proposed improvement analysis should be
summarized and proposals, recommendations and requirements
should be identitied and adequately discussed.

Technical Appendix of Supporting Documentation for Calculations

A technical appendix should be included in the report. The
technical appendix should include documentation of the analysis
including reference materials, documentation of parameter
estimations used in the analysis, historical data used in the analysts.
worksheets, computer input/output files, water surface profiles, cross
section information and flood plain mapping. The appendix will be
reviewed as the complete technical support data package.
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Appendix 1.1 Additional Regulatory Requirements

Al.l.1 Purpose and Scope

Any given development project is subject to requirements or conditions
based on broad authorities granted to various jurisdictions to provide
protection from or mitigation of effects of the development. The
purpose of this section is to identify and describe the basic authorities
and their requirements in general terms.

Al.1.2 Basic Drainage Law Requirements

Drainage law is primarily case, or common law. Common law
originates from the accumulation of many court decisions which become
precedent for future similar occurrences.

Drainage law is complex; however, the courts have established some
general principles which apply in general to development projects which
are outlined as follows:

1. The upstream property owner is entitled to discharge surface waters
from the upstream property as such waters would naturally flow
from the property. The downstream property owner is obligated to
accept and make provision for those waters which are the natural
flow from the land above.

2. The upstream property owner shall not concentrate water where it
was not concentrated before without making proper provision for its
disposal without damage to the downstream property owner.

3. The upstream property owner may reasonably alter the volume or
velocity of surfaces waters following a particular natural watercourse
if such alterations do not result in damage to downstream properties.
Reasonableness is often based on prevailing standards of practice in
the community or region.

4. No property owner shall block, or permit to be blocked, any

drainage channel, ditch, or pipe. No property owner shall divert
drainage water without properly providing for its disposal.
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Al.1.3 General Plans

The general plan is used by local government to define goals and
policies regarding land use and development. The general plan 1s
empowered, and its scope prescribed, by state law. It is the basis of
many derivative plans and ordinances which are intended to implement
its goals and policies. The general plan also grants discretionary powers
to local planning commissions to 1Mpose specific conditions on projects
to achieve broad goals and objectives.

Al.1.4 Subdivision Map Act

Specific drainage improvements or drainage fees and assessments may
be imposed by the focal jurisdiction largely based on powers granted in
the Subdivision Map Act. The Subdivision Map Act is contained in
Government Code Section 66410, The sections of this Act specifically
which provide authority for the imposition of conditions related to
drainage requirements include Government Code Sections: 66411:
66418: 66419: 66421 66457; and 66483.

The Subdivision Map Act gives local agencies the authority to: provide
drainage facilities necessary for the general use of lot owners, the
subdivision and the local neighborhood: to provide for proper grading
and erosion control: to require dedication or irrevocable offers of
dedication of real property within the subdivision for drainage
easements: and to provide for the imposition and collection of fees
needed to defer actual or estimated costs of constructing drainage
facilities for the removal of surface and storm waters from local or
neighborhood drainage areas.

The exact nature of these improvements may be specified in local
ordinances which identify specific improvements such as storm Sewers.
subdrain systems, detention basins, pumps, and catch basins, or
ordinances general in nature which simply require improvements for
faciiities to carry storm runoff.

Although local governments have broad authority to require drainage
ecasements. that authority is limited by Sections 66411 and 66421 of the
Subdivision Map Act which state that local ordinances be consistent
with, and not in conflict with. the Subdivision Map Act.
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Al.1.5 California Environmental Quality Act (CEQA)

CEQA requires that local agencies disclose and consider the
environmental] implications of their actions and requires avoidance of
environmental impacts where feasible. Mitigation requirements may be
identified in a regional plan and fees or assessments imposed on specific
developments within the plan area, or any specific development project
may be required to assess and mitigate to avoid environmental impacts.

Al.1.6 Porter-Cologne Water Quality Control Act

California Water Code Section 13000, et seq., also know as the Porter-
Cologne Water Quality Control Act, gives the State of California,
through the State Water Resources Control Board and the various
Regional Water Quality Control Boards, the primary responsibility for
control of state water quality. The primary enforcement mechanisms are
Water Code Sections 13260, 13301, 13304, and 13266.

Section 13260 states that any person proposing to or discharging waste
within any region that could affect state water quality, other than into a
community sewer system, must file a report with the Board that contains
such information as required by the Board. Proposed changes or
changes in the character of any previously approved discharge requires
an additional report be filed. Criminal penalties can be attached to
violations of the Act.

Section 13266 states that each citizen or county must notify the Board if
a subdivision map is filed, or if a building permit is filed which may
involve the discharge of waste other than from dwellings involving five
families or less, or discharge other than to a community sewer system.

Finally, Section 13301 gives Boards the authority to issue Cease and
Desist Orders for violations of the Act, while Section 13304 provides
the State Attorney General with the power to petition the Superior Court
for prohibitory or mandator injunctions to stop violations of the Act.

Further, the Subdivision Map Act, Government Code Section 66747.6,
provides that the governing body of a local agency shall determine
whether discharge of waste from a proposed subdivision into an existing
community sewer system would cause a violation of existing Board
requirements. If the proposed waste discharge would cause or add to
such violations, the proposed subdivision can be denied.
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Al.1.7 California Fish and Game Code

California Fish and Game Code (Section 1603) states that it is unlawful
to substantially divert or obstruct the material flow, or substantially
change the bed, channel, or bank of any river, stream, or lake. or use
material from the streambeds without first notifying the Department of
Fish and Game. Title XIV, California Administrative Code 720 was
adopted by the Department of Fish and Game for the purpose of
implementing Section 1603, and designates all rivers, lakes, streams, and
streambeds for such purposes (including those with intermittent flows of
water).

Department of Fish and Game guidelines define a river or stream as "a
natural watercourse as designated by a solid line or dash and three dots
svmbol shown in biue on the largest scale United States Geological
Survev Topographic Map most recently published” (Department of Fish
and Game. Departmentai Guidelines Memo No. FG 1061). However,
the Department of Fish and Game has taken the position that their
authority and responsibility extends to all watercourses that could
directly or indirectly affect resource values. An agreement from
Department of Fish and (ame is required for all activities which alter
the streambed or fiow. Constraints tor protecting fish and wild life
maybe issued as conditions of the agreement.

Al.1.8 Section 404 of the National Clean Water Act

Section 404 of the National Clean Water Act prohibits the placement or
discharge of fill or dredged material into "waters of the United States”
without a permit from the Corps of Engineers. "Waters of the United
States” includes streams which

"...are periodically or permanently inundated by surface or

ground water and support vegetation adapted for life in saturated

soil.”

This includes much of the natural drainage in El Dorado County.

The U.S. Army Corps of Engineers coordinates the concerns of various
reviewing agencies and the public. Permits are circulated among these
parties, and any conditions to the permit are based on their legitimate
concerns. Procedures and requirements are further explained in Permit
Program, A Guide tor Applicants, U.S. Army Corps of Engineers.
Pamp. No. EP 1143-2-1. Nov. 1, 1977.
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Al.1.9 National Flood Insurance Program

The National Flood Insurance Program was developed in 1968 to:
provide federally subsidized insurance policies to the owners of flood
plain properties; and provide incentives to local government to plan and
regulate land use and building design in flood hazard areas. This
program is set forth in the National Flood Insurance Act (42 USC
Sections 4401-4128).

The Federal Emergency Management Agency (FEMA) has overall, and
very broad, responsibility for administering the National Flood Insurance
Program, but local communities participating in this program review
specific development proposals to assure that structures which may be in
a 100-year floodplain are protected from flood damages and that any
changes in the floodplain do not cause unacceptable increases in the
elevation of the 100-year water surface. Property developers may be
held liable for designing and/or constructing drainage projects which
aggravate existing insurance risks.
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Appendix 1.2 Definitions

The definitions set forth in this section are to provide for a consistent
understanding of the terms related to drainage engineering in El Dorado
County. Certain specialized definitions are defined in each individual
part where they apply.

Acre-Foot - The amount of water that will cover one acre to a
depth of one foot. (Equals 43,560 cubic feet).

Act of God - Rainfall. inundation. flooding, and general storm
runoff damage arising from natural causes without the
intervention of mankind. and which human prudence could not

foresee or prevent.

Appurtenances to Storm Drains - Structures, devices, and
appliances, other than pipe or conduit. which are an integral part
of a drainage system. such as manholes. storm water inlets,
detention storage facilities, etc.

Apron - A floor or lining of concrete. timber, or other suitable
material at the toe of a dam, discharge side of a spillway, a
chute. or other discharge structure. to protect the waterway from
erosion from falling water or turbulent flow.

Backfill - (1) The operation of filling an excavation after it has
once been made. usually after some structure has been placed
therein. (2) The material placed in an excavation in the process
of backfilling.

Backwater - The water retarded above a dam or backed up into a
tributary by a channel obstruction. confinement of flow or abrupt
change in channel section, slope, roughness or alignment.

Backwater Effect - Increase in upstream depth above normal
depth due to channel obstruction, confinement of flow or abrupt
change in channel section, slope. roughness or alignment.
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Backwater Curve - The term applied to the longitudinal profile
of the water surface in an open channel when flow is steady, but
non-uniform.

Baffles - Deflector vanes, guides, grids, gratings, or similar
devices constructed or placed in flowing water to, (1) check or
effect a more uniform distribution of velocities, (2) absorb
energy, (3) divert, guide, or agitate the liquids, and (4) check
eddy currents.

Bank - The lateral boundary of a stream or channel confining
water flow.

Base Flood - The flood having a one percent chance of being
exceeded in any given year. The "base flood" is commonly used as

the "standard flood" in federal flood insurance studies.

Base Floodplain - The area subject to flooding by the base flood.

Bedding - The foundation under a drainage structure.

Bed Load - Sediment that moves by rolling, sliding or skipping
along the bed and is essentially in contact with the stream bed.

Berm - A horizontal strip or shelf built into an embankment or
cut, to break the continuity of an otherwise long slope, usually
for the purpose of reducing erosion, improving stability, or to
increase the thickness or width of cross section of an
embankment.

Bridge - A structure for carrying traffic over a watercourse,
depression, or other obstacle.

CalTrans - California Department of Transportation.

Capacity - The effective carrying ability of a drainage structure
or facility. May also refer to storage capacity.

Carry Over - The quantity of water which continues past an
iniet.

Catch Basin - A basin combined with a storm drain inlet to trap
solids.
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Catchment Area - 1) The contributing area to a single drainage
basin, expressed in acres, square miles, or other unit of area.
Also called Drainage Area or Watershed. (2) The area served by
a drainage system receiving storm and surface water. or by a
water-course.

Channel - (1) A natural or artificial watercourse of perceptible
extent which periodically or continuously contains moving water,
or which forms a connecting link between two bodies of water.
It has a definite bed and banks which serve to confine the water.
(2) The deep poruon of a river or waterway which is used by

watercraft. Also see Watercourse.

Channel Storage - The volume of water stored in a channel.
Generallv considered in the attenuation of the peak of a flood
hydrograph moving downstream.

Check - A barrier placed in a ditch. canal or channel to decrease
the velocity of the flow of water so as to minimize erosion of
the bottom and banks or to raise the level of the water. Also
used for diverting water from one channei to another, as in
irrigation usage.

Chute - An inciined conduit or structure used for conveying
water at a high velocity to lower levels. For vertical structures.

see Drop.

Concentrated Flow - Flow which is altered from its natural
surface runoff and has accumulated into a single narrow ditch.
channel or pipe.

Conduit - Any pipe. arch or box through which water is conveyed.
Confluence - A junction of streams or channels.

Control - A section or reach of an open conduit or channel
which maintains a stable relationship between stage or discharge.

Convevance - A measure of the warer carrying capacity of a
stream or channei.
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Cost/Benefit Ratio - A comparison of the cost of a project with
the good accruing from it.

County Engineer - DOT, Deputy Director of Engineering.

Course - A natural or artificial channel for passage of water.

Cross-Street Flow - Flow across the traffic lanes of a street from
external sources, as distinguished from sheet flow of water
falling on the pavement surface.

Culvert - A closed conduit for the passage of surface drainage
water under or over a roadway, railroad, canal, or other
impediment.

Culvert. Box - Generally a rectangular or square concrete
structure for carrying large amounts of water under a roadway.
This term is sometimes applied to long underground conduits.

Dam - A barrier constructed across a watercourse for the purpose
of (1) creating a reservoir, (2) diverting water therefrom into a
conduit or channel.

Datum - A plane, level, or line from which heights and depths
are calculated or measured.

Debris Basin - A basin formed behind a low dam, or an
excavation in a stream channel, to trap debris or bed load carried
by a stream. The value of a basin depends on cleaning-out of
debris periodically to restore its capacity.

Detention - Temporary ponding of stormwater to attenuate or
reduce peak runoff rates.

Detention, Upstream - Normally used for the detention of water
close to the point of rainfall occurrence, usually applied to
rooftop ponding, parking lot ponding, and small storage basins.

Development - Any man-made change to improved or
unimproved real estate, including but not limited to buildings or
other structures, mining, dredging, filling, grading, paving,
excavation or drilling operations.
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Discharee - A voiume of water flowing past a given point per
unit time. In its simplest concept. discharge means outflow:
therefore, the use of this term is not restricted as to course or
location. and it can be applied to describe the flow of water from
a pipe or from a drainage basin. If the discharge occurs in some
course or channel, it is correct to speak of the discharge of a
canal or of a river. It is also correct to speak of the discharge of
a canal or stream 1nto a lake, stream, or ocean.

Diversion - The change n character. location, direction. or
quantity of flow ot a natural drainage course.

DOT - El Dorado County Department of Transportation.

Drainage - (1) A general term applied to the removal of surface
or sub-surface water from a given area either by gravity or by
pumping. The term is commonly applied herein to surface
water. (2) The area from which water occurring at a given point
or location on @ stream originates. In such case, the term 1s
synonvmous with Drainage Area and Watershed. (3) The term 1s
also used in a general sense to apply to the flow of all liquids
under the force of gravity.

Drainace Area - See Catchment Area

Drainace Wav - Those natural depressions in the earth’s surface.
such as swales. ravines, draws and hollows. in which surface
waters tend to collect. but which do not constitute a watercourse
in the defined sense.

Drains - A pipe, ditch, or channel for collecting and conveying
water. Sometimes used in "Storm Drains" when describing an
urban storm drainage system to carry the initial runoff.

Drawdown - The vertical distance the free water elevation is
lowered or the reduction of the pressure head due to the removal

of free water.

Drop - A vertical structure in a conduit or canal installed for the
purpose of dropping water 10 a lower level.
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Drop Inlet Culvert - A culvert installed with a drop inlet on one
end and daylighted at the other end.

Encroachment - The advance or infringement of uses, plant
growth, fill, excavation, buildings, permanent structures or
development into a floodplain which may impede or alter the
flow capacity of a floodplain.

Energy Dissipator - A structure for the purpose of slowing the
flow of water and reducing the erosive forces present in any
rapidly flowing body of water.

Erosion - Wearing away of the lands by running water and
waves, abrasion, and transportation.

FEMA - Federal Emergency Management Agency.

Flood - A general and temporary condition of partial or complete
inundation of normaliy dry land areas from the overflow of
inland or tidal waters; the unusual and rapid accumulation or
runoff of surface waters from any source.

Flood Control - The elimination or reduction of flood losses by
the construction of flood storage reservoirs, channel
improvements, dikes, and levees, by-pass channels, or other
engineering works.

Flood Plain - Any land area susceptible to being inundated by
water from any source. Land formed by deposition of sediment
by water; aliuvial land.

Flood Plain Management - Control of use of land subject to
flooding.

Flood Proofing - A combination of structural changes and
adjustments to properties subject to flooding primarily for the
reduction of flood damages.

Flood Storage - Storage of water during floods to reduce
downstream peak flows.
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Flood Plain Fringe - That portion of the flood plain that lies
outside the regulatory area. lts hazard should be recognized
although it is not great enough to make public regulations
desirable.

Flood Waters - Waters which escape from a watercourse in great
volume and flow over adjoining lands in no regular channel,
though the fact that such errant waters make for themselves a
temporary channel or foliow some natural channel, gully or
depression, does not affect their character as flood waters or give
to the course which they follow the character of a natural
watercourse.

Floodway - Floodway 1s that portion of the regulatory area
required for the reasonable passage or conveyance of the design
flood. This is the area of significant depths and velocities. and
due consideration should be given to effects of fill. loss of cross
sectional flow area. and resulting increased water surface
elevations.

Flood Storage Area - Flood storage area is that portion of the
regulatory area that may serve as a temporary storage arca for
flood waters from the 100-vear fiood and that lies landward of
the tloodway.

Flow - A term used to define the movement of water. silt, sand.
etc.: discharge: total quantity carried by a stream.

Flow Line - (11 The position of the water surface in a flowing
stream or conduit for a normal or specified rate of discharge.
(2) The hydraulic grade line in an open channel.

Freeboard - The vertical distance between the normal maximum
level of the surface of the liquid in a conduit, reservoir, tank,
basin, canal. etc.. and the top of the confining structure. which is
provided so that waves and other movements of the liquid will
not overtop such confining structures.

Frequency Curve - A curve that expresses the relation between
the frequency of occurrence and the magnitude of the variables.
The theoretical frequency curve is a derivative of the probability
curve.
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Gabion - A wire basket containing earth or stones, deposited
with others to provide protection against erosion.

Grade - (1) The inclination or slope of a channel, canal, conduit,
etc., or natural ground surface, usually expressed in terms of the
percentage of number of units of vertical rise (or fall) per unit of
horizontal distance. (2) The elevation of the invert of the bottom
of a conduit, canal, culvert, sewer, etc. (3) The finished surface
of a canal bed, road bed, top of an embankment, or bottom of an
excavation.

Gutter - See Street Nomenclature
Gutter Flow - Flow in a gutter.

Habitable Structure - Any building or structure which would
suffer significant damage to inundation of flood waters.

Headwater - (1) The upper reaches of a stream near its source.
(2) The region where ground waters emerge to form a surface
stream. (3) The water upstream from a structure.

Hvdraulics - A branch of science that deals with practical
applications of the mechanics of water movements.

Hydraulic Gradient - A hydraulic profile of the piezometric level
of the water, representing the sum of the depth of flow and the
pressure. In open channel flow, it is the water surface.

Hydraulic Jump - The hydraulic jump is an abrupt rise in the
water surface which occurs in an open channel when water
flowing at supercritical velocity is retarded by water flowing at
subcritical velocity. The transition through the jump results in a
marked loss of energy, evidenced by turbulence of the flow
within the area of the jump. The hydraulic jump is often used as
a means of energy dissipation.

Hvdrograph - A graph showing stage, flow, velocity, or other
property of water with respect to time.

Hvdrology - The science that deals with the processes governing
the occurrence and movement of water upon and beneath the
land areas of the earth.

(=]
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Impervious - A term applied to a material through which water
cannot pass. or through which water passes with great difficulty.

Infiltration - (1) The entering of water through the interstices or
pores of a soil or other porous medium. (2) The quantity of
ground-water which leaks into a sanitary or combined sewer or
drain through defective joints. (3} The entrance of water from
the ground into a sewer or drain through breaks, defective joints,
or porous walls. {41 The absorption of liquid water by the soil.
either as it falls as precipitation, or from a stream flowing over
the surface. See Surface Infiltration.

Inlet - (1) An opening into a storm sewer system for the entrance
of surface storm runoff. more completely described as a storm
sewer inlet. (2) A structure at the diversion end of a conduit.

(3) The upstream connection between the surface of the ground
and a drain or sewer. for the admission of surface or storm
water.

Inlet Gratings -

A. Longitudinal Bar Grate: A grate in which the bars are
oriented parallel to the direction of flow.

B. Transverse Bar Grate: A grate in which the bars are located at
some angle, usually perpendicular to the direction of flow.

Inlet Types -

A. Combination Inlet - An inlet composed of a curb opening and
a grated gutter opening inlet acting as a unit. Usually the gutter
opening 1s placed directly in front of the curb opening. This
arrangement is called a contiguous combination inlet, or more
simply a combination inlet. When the curb and gutter opening
are placed in an overlapping, or end to end position, the
arrangement is called an overlapping, offset, or special
combination inlet.

B. Curb opening Inlet - A vertical opening in a curb through
which the gutter flow passes. The gutter may be undepressed or
depressed in the area of the curb opening.
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C. Grated Inlet - An opening in the gutter covered by one or
more grates through which the water falls. As with all inlets,
grated inlets may be either depressed or undepressed and may be
located either on a continuous grade or in a sump.

D. Multiple Inlet - Two or more closely spaced inlets acting as a
unit. The two inlets may be of any of the types mentioned
above.

Intensity - As applied to rainfall, is a rate usually expressed in
inches per hour.

Interception - As applied to hydrology, refers to the process by
which precipitation is caught and held by foliage, twigs, and
branches of trees, shrubs and buildings, never reaching the
surface of the ground, and is lost by evaporation.

Invert - The bottom of a drainage facility along which the lowest
flows would pass.

Isohvetal Line - A line drawn on a map or chart joining points
which receive the same amount of precipitation.

Isohyetal Map - A map containing isohyetal lines and showing
rainfall intensities.

Left Bank - The left-hand bank of a stream or dam when the
observer is facing downstream.

Lining - Material such as concrete, rock, cobbles, grass,
geotextiles, etc., placed on the sides and bottom of a ditch,
channel, and reservoir to prevent or reduce seepage of water
through the sides and bottom and/or to prevent erosion.

Lip - A small wall on the downstream end of an apron, to break
the flow from the apron.

Manhole - A structure through which a person may gain access
to an underground or enclosed conduit or facility.

Nappe - The sheet or curtain of water overflowing a weir or

dam. When freely overflowing any given structure, it has a
well-defined upper and lower surface.
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NOAA - National Oceanic and Atmospheric Administration.

NWS - Nationa! Weather Service.

Orifice - {1} An opening with ciosed perimeter, and of regular
form in a plate, wall. or partition. through which water may
flow. (2) The end of a small tube. such as a Pitot tube.
piezometer, etc.

Peak Rate of Runoff - The maximum rate of runoff during a
given runoff event.

Permeability - The quality of a soil horizon which permits
movement of water through it when saturated and actuated by
hvdrostatic pressure.

Pervious - Applied to a material through which water passes
relatively freely.

Point of Concentration - That point at which water flowing from
a given drainage area concentrates.

Pollution - A state of physical impurity or uncleanliness, usually
brought about by the addition of sanitary sewage, harmful
industrial waste. or other harmful materials to water which make
1t unfit tor use.

Precipitation - Any moisture that falls from the atmosphere,
including snow. sleet, rain. and hail.

Reach - Any length of river or channel. Usually used to refer to
sections which are uniform with respect to discharge, depth, area
or slope, or sections between gaging stations.

Regime - The system of order characteristic of a stream; its
behavior with respect to velocity and volume, form of and
changes in channel, capacity to transport sediment, amount of
material suppiied for transportation, etc.

Retention - Containment of runoff by ponding to be discharged
by infiltration and evaporation or by release after the storm has
ended.

'01
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Riprap - Broken stone or boulders placed compactly or
irregularly on dams, levees, ditches, dikes, etc., for protection of
earth surfaces against the erosive action of water.

Right Bank - The right-hand bank of a stream or dam when the
observer is facing downstream.

Riparian - Pertaining to the banks and other adjacent, terrestrial
environs of freshwater bodies, watercourses, and surface
emergent aquifers, whose imported waters provide soil moisture
significantly in excess of that available through local
precipitation.

Risk - The potential adverse consequences measured in terms of
inconvenience, damage, safety or professional liability or
political retribution. (WEF/ASCE, 1992).

Risk Analysis - The quantification of exposure, vulnerability and
probability. (WEF/ASCE, 1992).

Routing. Hydraulic - (1) The derivation of an outflow
hydrograph of a channel or stream from known values of
upstream inflow. (2) The process of determining progressively
the timing and shape of a flood wave at successive points along
a stream or channel.

Runoff - That part of the precipitation which reaches a stream,
drain, sewer, etc., directly or indirectly.

a. Direct Runoff: The total amount of surface runoff and
subsurface storm runoff which reaches stream channels.

b. Overland Runoff: Water flowing over the land surface before
it reaches a definite stream channel or body of water.

Sanitarv Sewer - A closed conduit carrying sewage and other
waste liquids, but not including intentionally added surface and
storm water.

Scour - The erosive action of running water in streams or
channels in excavating and carrying away material from the bed
and banks.

CS - Soil Conservation Service.
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Sediment - Material of soil and rock origin transported, carried,
or deposited by water.

Sheet Flow - Any flow spread out and not confined, 1.e., flow
across a flat open field.

Silt Basin - A basin or reservoir installed in a storm drainage
system to retard velocity, causing sedimentation and providing
storage for deposited solids.

Slope - See Grade.

Spillway - A waterway in or about a dam or other hvdraulic
structure. for the escape of excess water. Also referred to as By-
Channel, By-Wash. and Diversion Cut.

Stage - The elevation of a water surface above its minimum; also
above or below an established "low water” plane: hence above or
below anv datum of reference; gage height.

Storm - A disturbance of the ordinary. average conditions of the
atmosphere which. unless specifically qualified, may include all
meteorological disturbances such as wind, rain, snow, hail. or
thunder.

Storm Sewer - A closed conduit for conducting storm water that
has been collected by inlets or collected by other means. The
various parts of a drainage system are defined as follows:

a. Lateral (Collection) Storm Sewer - A sewer that has inlets
connected to 1t but has no other storm sewer connected.

b. Branch (Submain) Storm Sewer - A sewer which receives
runoff from a relatively small area and discharges into a trunk or
main sewer, and may or may not have inlet connections.

c. Trunk (Maini Storm _Sewer - A sewer which receives the
discharge from several branches (submains) and generally serves
a relatively large area, and may or may not have inlet
connections.

-
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d. Qutfall Storm Sewer - A sewer which receives the runoff
from a collecting svstem. such system being lateral (collection)
storm drains, branch (submain) storm sewers, and trunk (main)
storm sewers, as are required, and carries such runoff to a point
of final discharge.

e. Relief Storm Sewer - A storm sewer that is provided to relieve
a storm drainage system which does not have the capacity to
carry off the Design Storm.

Storm Drainage System - All facilities used for conducting the
storm water through and from a drainage area to the point of
final outlet, consisting of any or all of the following: conduits
and appurtenant features, canals, channels, ditches, streams,
gulches, gullies, flumes, culverts, streets, and pumping stations.

Storm Runoff - The water from precipitation running off the
surface of a drainage area during and immediately following a
period of rain.

Stream - A body of water flowing in a natural surface channel.

a. Continuous - A stream which habitually flows or contains
water throughout its entire course, or between any two points on
its course.

b.Effluent - A stream or stretch of stream which receives water
from ground water in the zone of saturation. The water surface
of such a stream stands at a lower level than the water table or
piezometric surface of the ground water body from which it
recelves water.

c. Ephemeral - (1) One that flows only in direct response to
precipitation. Such a stream receives no water from springs and
no long-continued supply from melting snow or other surface
source. Its channel is at all times above the water table. (2) The
term may be arbitrarily restricted to streams or stretches of
streams that do not flow continuously during periods of as much
as one month.
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d. Influent - A stream or stretch of stream which contributes
water to the zone of saturation. The water surface of such a
stream stands at a higher level than the water table or
piezometric surtace of the ground water body to which 1t
contributes water

e. Intermittent - A stream which flows during protracted periods,
but not continually. when it receives water from springs or
surface runoff.

f Perennial - A stream which flows continuously at all seasons
of a vear and during dry as well as wet years. Such streams are
usually fed by ground warter, and their water surface generally
stands at a lower level than that of the water table in the locality.

Stream Flow - A term used to designate the water which 1s
flowing in a stream channel, canal, ditch, etc.

Stream Response - Changes in the dynamic equilibrium of a
stream by any one, or combination of various causes.

Street Flow - The total flow of storm runoff in a street. usually
being the sum of the gutter flows on each side of the street.
Also the total flow where there are no curbs and gutters.

Street Nomenclature -

1. Crown - In the pavement, it is the highest point in the paving
cross-section.

2. Grade - The longitudinal slope measured along the crown.

3. Crown Slope - The slope of the pavement perpendicular to the
CrOWn.

4. Curb - The lateral side of the pavement terminated by either a
vertical or a sioped section.

5. Curb and Gutter Section - A curb section constructed integrally
with the gutter.
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6. Cross Fall - In a lateral pavement cross-section, it is the
difference in elevation between the gutter flow lines.

7. Cross Pan - A concave paved surface crossing a street,
usually at pavement intersections, for the purpose of carrying
surface water across the street to continue the surface flow.

8. Gutter - A paved section designed to carry surface flow.
Often the gutter is terminated with a curb when located at the
edge of a street section.

Subdrain - An underground conduit designed to permit
infiltration for the purpose of collecting ground water.

Subgrade - (1) The bottom of a trench, or other excavation, that
is somewhat below the predetermined elevation of the bottom of
the final excavation or structure which is to be placed therein,
the intervening space being backfilled with some special material
such as sand, gravel, broken stone, or tamped earth, or
impervious lining, or occupied by the structure for which the
excavation was made. The term is also applied to the elevation
of such bottom. (2) The natural soil area beneath a street or
road.

Subsoil - That portion of a normal soil profile underlying the
surface or A-horizon. Its depth and physical properties control
to a considerable degree the movement of soil moisture.

Sump - Low point in natural or improved surface topography
where surface flows will pond if a drain is not provided.

Sump Condition - Water restricted to an inlet area because the
inlet is located at a low point.

Surface Detention - The storm runoff detained on the surface of
the ground at or near where the rainfall occurred, and which will
run off later.

Surface Flow or Sheet Flow - The surface flow from rainfall on
pavements, ground surfaces, and other exposed surfaces until
such flow reaches a gutter, ditch, water course, inlet, or other
point of concentration.
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Surface Infiltration - That rainfail which percolates into the
ground surface and which therefore does not contribute directly
to the storm runoff flow.

Surface Runoff - The movement of water on earth’s surface,
whether flow is over the surface of the ground or in channels.

Suspended Load - Sediment that is supported by the upward
components of turbulent currents in a stream and that stays in
suspension for an appreciable amount of time.

Swale - A shallow. gentle depression in the earth’s surface. This
tends to collect the waters to some extent as a drainage course.
although waters in a swale are not considered stream waters.

Trash Rack - A grid. screen. or other barrier constructed to catch

debris and exclude it from a downstream condutit.

Trench - An excavation made for installing pipes, masonry walls,
and other purposes. A trench is distinguished from a ditch in
that the opening is temporary and is eventually backfilled.

Tributarv Basin - An area tributary to a specific point under
study.

Water, Various Forms -

a4 Diffused Surface - (1) Flood water which has escaped from a
stream channel. (2) Water on its way to a stream which has not
reached a defined channel, and which is derived from rainfall,
melting snow. seepage, Or Springs.

b. Drainage - (1) Water which has been collected by a drainage
system and discharged into a watercourse. (2) Water flowing in
a drain derived trom ground. surface, or storm water.

c. Foreien - Water occurring in a stream or other body of water
which originated in another drainage basin.

d. Ground - Water in the ground beneath the surface. In a strict
sense, the term applies only to water below the water table.
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e. Storm - The water from precipitation running off the surface of a
drainage area during and immediately following a period of rain.

f. Stream - Former surface waters which have gathered together into
a well-defined watercourse.

g. Surface - Waters are those falling upon, arising from, and
naturally spreading over lands and produced by rainfall, melting
snow, or springs. They continue to be surface waters until, in
obedience to the laws of gravity, they percolate through the ground
or flow vagrantly over the surface of the land into well-defined
watercourses Or streams.

Watercourse - A running stream of water, a natural stream, or
storm water channel, including rivers, creeks, runs, and rivulets.
Streams flow in a particular direction though it need not flow
continually. They may sometimes be dry, and they usually flow
in a definite channel having a bed, sides, or banks. It does not
include the water flowing in the hollows or ravines in land,
which is the surface water from rain or melting snow and is
discharged through them from a higher to a lower level, but
which at other times are destitute of water. Also known as
Drainage Way and Waterway.

a. Artificial - A surface watercourse constructed by human agencies,
usually referred to as channel, canal, or ditch.

b. Natural - A surface watercourse created by natural agencies and
conditions.

Watershed - See Drainage Area.
Wetland - A zone periodically or continuously submerged or
having high soil moisture, which has an aquatic or riparian

component or both, and is maintained by imported water supplies
in excess of those available through local precipitation.
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Section

2

Hydrology

Design and construction of stormwater management facilities in El
Dorado County are regulated by standards set by the Board of
Supervisors. These standards govern the long-term level of protection to
be provided by the tacilities. In most cases. the level of protection 1s
defined explicitly in terms of a design storm that must be controlled.
contained. or otherwise managed in the interest of public safetv. This
section defines these design storms and describes accepted procedures
for estimating the magnitude in El Dorado County.
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2.1 Background

Design criteria for stormwater management facilities in El Dorado
County are "standard-based" (WEF/ASCE, 1992). That is, design is
based on an adopted set of regulatory standards. In El Dorado County,
these standards are based on risk of facilities failing (hydraulically) to
provide protection from flooding due to the largest discharge in any
year. That risk is specified in terms of return period: the long-term
average time between failures. Return period is the reciprocal of annual
probability of exceedance. Thus the 10-yr discharge has annual
probability of exceedance equal 0.10, and a facility designed for the 10-
yr discharge has annual probability of 0.10 of failing to provide
protection from the annual maximum flood. Likewise, a facility
designed to carry the 100-yr discharge has annual probability of failure
equal 0.01.

If sufficient streamflow data were available throughout El Dorado
County, design discharges for specified return periods (quantiles) could
be estimated for current conditions with statistical-analysis methods. In
the U.S., standards for such analysis were proposed by the Interagency
Advisorv Committee on Water Data in Bulletin #17B (1982). The
procedure in Bulletin #17B uses recorded annual maximum discharge to
calibrate a statistical model with which quantiles can be predicted.
Unfortunately, this procedure is of limited use for design-discharge
estimation in El Dorado County because:

« Few streams in developing areas of El Dorado County are gaged.

« Land-use changes alter the response of a catchment to rainfall, so
design-flood discharges determined with data for undeveloped or
natural conditions do not reflect discharges expected with developed
conditions. (Of course, facilities must be designed for these

developed conditions.)

* In many cases, flood hydrographs are required for design. The
statistical analysis procedure does not provide these.

Consequently, an alternative analysis procedure is required.
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Fortunately. the density of precipitation gages in the County is
sufficient to permit fituing a statistical model of precipitation depths,
trom which storms of specified return period can be predicted. From
these storms, discharge can be estimated with a rainfall-runoff-routing
model. If the median or average values of all model parameters are
used, the return period of the discharge computed from precipitation
should equal approximately the return period of the precipitation
(Pilgrim and Cordery. 1975). This then provides the information needed
for stormwater management.

2.2 Overview

2.2.1 Analysis Steps

In summary. the steps required to define design discharge from
precipitation in El Dorade County are as follows:

1. Define the locations at which design quantiles or hydrographs are
required and identity the corresponding catchments.

ta

Determine the present and projected land uses and other pertinent
physical characteristics for each catchment.

(23

Determine the return periods (risk) for which runoff hydrograph or
peak discharge is to be computed. (Refer to Section 1 for El Dorado
County requirements.)

4. Select the appropriate hydrological procedure for computing the
required runoff hydrograph or peak discharge. (See Section 2.2.1
for analysis requirements.)

h

Define the design-storm characteristics required by the hydrological
procedures. (Refer to Section 2.3.)

6. Estimate model parameters and compute runoff for the design event.
(Refer to Section 2.4 or 2.5, depending on the stormwater-runoff
computation method selected.)

~J

If necessary. add baseflow, and route and combine computed
hydrographs. (See guidelines in Section 2.6 and 2.7.)

o
t
(8]
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8. Assess the reasonableness of the computed runoff hydrograph or
peak discharge. (See Section 2.8.)

9. Evaluate the significance of the computed discharges. Although the
County sets minimum design standards, the engineer should examine
the marginal cost of designing for a greater level of protection. In
some cases, the level of protection can be increased significantly
with a modest increase in cost. Further, the design levels admittedly
do not represent the worst case; they represent a compromise
between cost and risk. If a potential exists for catastrophic losses,
the engineer should evaluate the consequences of events larger than
the specified design events.

2.2.2 Appropriate Stormwater-runoff Computation Method

To estimate stormwater discharge peaks or hydrographs, the engineer
must account for surface runoff, routing, and storage. El Dorado
County accepts either of two approaches to this, depending on study
needs and catchment characteristics. The first approach, described in
Section 2.4, yields a runoff hydrograph using a simple model of
infiltration and interception plus a unit-hydrograph model. The second
approach, described in Section 2.5, yields only an estimate of peak
discharge as a linear function of rainfall intensity.

In principle, the hydrograph method can be used for analysis and design
of drainage facilities for any catchment in the County. However, if a
catchment is small, if the hydrological processes in the catchment are
relatively simple, and if runoff volume is not a concern, then a peak-
only model may be adequate. This would be true, for example, for
design of a culvert to carry runoff from a small industrial site in which
most rain that falls will run off without ponding, with minor storage or
energy loss in channels. In that case, a peak-only model would provide
adequate information to design the culvert.

As a rule-of-thumb, use of the peak-only method is restricted to
catchments with area less than 100 acres. In any analyses in which the
peak-only model is used, the design engineer must determine and
demonstrate that the model is, in fact, appropriate. If one or more of
the following conditions are true, the peak-only method cannot be used
unless the engineer demonstrates conclusively that the effects of that
condition are negligible:

24
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* Natural or man-made ponding of stormwater in the catchment
affects peak discharge:

* Design and operation of larger drainage facilities is required;

* Routing is required to model adequately the runoff because of the
impact of channel flow;

* The catchment 1s iarge enough that design-storm rainfall depths vary
significantly across the catchment: or

e Differences in catchment response to rainfall cause variations in
timing of peaks. so hydrographs must to computed to evaluate the
impact of coincident peaks.

2.2.3 Exceptions

Although Section 2 describes acceptable methods and procedures for
stormwater-runoff computation, El Dorado County concurs with Loague
and Freeze (1985) that

... hvdrologic modeling is more an art than a science... The
usefuiness of the results depends in large measure on the talents and
experience of the hvdrologist... It is unlikely that the results of an
objective analvsis of modeling methods ... can ever be substituted
Jor the subjective talents of an experienced modeler.

Accordingly. the County is open to use of procedures not described

herein, if the engineer can demonstrate that those procedures reproduce
observed events and provide reasonable results.

2.3 Design Precipitation

Both stormwater-runoff computation methods accepted by the County
estimate design discharge from precipitation. This precipitation is
defined either as a design storm (for the hydrograph method) or as a
design intensity (for the peak method). Steps in determining the design
storm precipitation are as follows:

1. Select appropriate storm duration. (See Section 2.3.1.)

(3]
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Determine the precipitation depth for the storm duration. (See
Section 2.3.2.)

3. If necessary, correct the depth for area and snowmelt.

4. If the hydrograph method is used, use the storm depth and the
design-storm temporal distribution to determine the design-storm
hyetograph. (See Section 2.3.3.) Otherwise, determine the design
precipitation intensity = depth/duration.

2.3.1 Design-storm Duration

The design-storm duration appropriate for stormwater runoff
computation depends on the hydrologic-response characteristics of the
catchment. The duration selected must be sufficiently long that the
entire catchment contributes to discharge at the outlet, taking into
account overland and channel flow and storage in the catchment.

If the peak-only method is used, the presumption is that most flow is
overland. In that case, the storm duration should equal the time of
concentration, 7., of the catchment. Section 2.4.2 provides guidance for
estimation of 7, . For convenience with the depth-duration-frequency
relationship used in El Dorado County, the duration may be rounded up
to 5, 10, 15, 30, or 60 minutes. If ¢, exceeds 60 minutes, natural or
man-made ponding of stormwater in the catchment almost certainly
affects peak discharge, and routing likely is required to model
adequately the runoff because of the impact of discharge in channels. In
that case, the hydrograph method, rather than peak-only method, should
be used.

If the hydrograph method is used, selection of storm duration is more
difficult. Regarding this, the Hydrologic Engineering Center (HEC,
1982) suggests that:

* ... a minimum storm duration should be selected at least equal to,
and preferably well in excess of, the estimated travel time (time of
concentration) at the downstream-most point of interest ...

»  This selected duration should be increased considerably if total

volume of runoff as well as peak discharge is of importance in the
study.
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® Reservoir studies require long-duration events for full assessment of
the reservoir flood storage needed.

With these guidelines in mind, and for consistency with common
practice (including practices of the Soil Conservation Service in El
Dorado County), the following storm durations are required:

1. For dramage planning with the hvdrograph method. a 24-hour
storm;

[y

For regional detention basin design. a longer duration historical
storm, seiected with concurrence of El Dorado County

The engineer must identify clearly the duration of the design storm and
justify 1ts selection.

2.3.2 Design-storm Depth

Rainfall depth-duration-frequency relationships for El Dorado County
were developed by Goodridge (1989;. In those relationships, depth for a
specified duration and frequency is specified as a function of mean
annual rainfall.

Steps necessary to estimate the design storm depth for any catchment
from the depth-duration-frequency relationships are as tollows:

1. Locate the catchment of interest on the El Dorado County mean
annual rainfall map, and determine from the map the mean annual
rainfall for the catchment. This map is included in Appendix 2.2.

2

For the selected storm duration and frequency, find the appropriate
depth estimated by Goodridge. Table 2.3.1 shows the depths for the
10-yr and 100-vr events for 24-hr storms for selected mean annual
rainfall values. Depths for other durations, frequencies, and mean
annual rainfall values are available in the Goodridge report and are
shown in tables in Appendix 2.2.

3. If the catchment is sufficiently large or is oriented in such a fashion
that mean annual rainfall varies significantly within the catchment,
repeat steps 2 and 3 for a grid of many points over the catchment.
Then compute an average of the point values.

4. Adjust the design depth to an areal average depth.

-~
o
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5. If the design storm is likely to fall on a snowpack, estimate and add
snowmeit.

Table 2.3.1 10-yr and 100-yr 24-hr Design Depths
as a Function of Mean Annual Rainfall
(Source: Goodridge, 1989/

Mean annual 10-yr, 24-hr | 100-yr, 24-hr
rainfall, in in. depth, in in. depth, in in.
(1) (3) (5)

20 3.12 4.42
30 4.11 5.82
40 5.11 7.24
50 6.11 8.66
60 7.11 10.08
70 8.11 11.49
80 9.11 12.91
90 10.11 14.33

Suppose, for illustration, that the catchment of interest is a 5 sq mi
catchment near Rescue, CA. The design storm selected is a 100-yr, 24-
hr event. From the map in Appendix 2.2, the mean annual rainfall is
estimated to be 30 in. From Table 2.3.1 (or the more detailed tables in
Appendix 2.2), the 100-yr, 24-hr depth is found to be 5.82 in. The
average intensity for the storm is 5.82 in./24 hr = 0.24 in./hr.

Models for estimating runoff due to rainfall assume a uniform spatial
distribution of rainfall over the catchment. However, intense rainfall is
unlikely to be distributed uniformly over a large catchment; for a
specified frequency and duration, the average rainfall depth over an
area is less than the depth measured at a gage. To account for this, the
U.S. Weather Bureau (1958) derived, from the means of annual series
of point and areal values for several dense, recording-raingage
networks, factors by which point depths are to be reduced to yield
areal-average depths. The factors, expressed as a percentage of point
depth, are a function of area and duration, as shown in Fig. 2.3.1.
These depth-reduction factors are to be used for analysis of runoff from
large catchments in El Dorado County. However, in accordance with
the recommendation of the World Meteorological Organization (1983),
point values are to be used without reduction for areas up to 25 km?
(6000 acres). Further, in accordance with the recommendation of the
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FIG. 2.3.7 Depth-area Adjustment
(Source: U.S. Weather Bureau, 1958)

Hydrologic Engineering Center (1982), no adjustment should be made
for durations less than 30 minutes, because such a duration corresponds
to a short time of concentration. A short time of concentration, in turn,
is indicative that the catchment must be relatively small, so no
adjustment is necessary.

For catchments subject to snow accumulation, melt due to rainfall can
contribute significantly to runoff. To account for this, an appropriate
adjustment to design storm precipitation should be made. The engineer
should refer to appropriate publications of the Corps of Engineers, the
SCS, and the World Meteorological Organization, and should
coordinate with the County to select this adjustment.

2-9
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2.3.3 Design-storm Temporal Distribution

If a design-storm runoff hydrograph is to be computed, the temporal
distribution of the design depth must be specified. For El Dorado
County, SCS type IA and type I temporal distributions are used for the
24-hr storm, depending on the location of the catchment of interest
within the County.

According to SCS California Bulletin no. CA210-4-6 (March 11, 1994),
the type IA distribution best represents storm patterns likely to occur in
areas in which the ratio of the 6-hr 1%-chance depth to the 24-hr 1%-
chance depth (Py/P,,) is less than 0.518, and the type I distribution best
represents storm patterns likely to occur in areas in which P¢/P,, is
between 0.518 and 0.640. To simplify identification of the appropriate
storm type using the criteria, El Dorado County staff collected point
rainfall depths from the analyses by Goodridge for gages bracketing the
County line, determined P,/P,, for each, and conducted a linear
regression analysis with P,/P,, as the dependent variable and elevation
as the independent (letter from DOT to SCS; August 1, 1994). This
indicated that P,/P,, is 0.518 at 1,640 ft elevation. Thus, with
concurrence of the SCS (SCS file memo 210-18; September 13, 1994),
El Dorado County requires uses of the SCS type I distribution for
catchments with elevation less than 1,640 ft and use of the type IA
distribution for those above 1,640 ft. Of course, this boundary at 1,640
ft is hypothetical; it simply represents the approximate location at which
predominate storm types shift. If portions of the catchment are both
above and below 1,640 ft, the implication is that neither storm is
significantly more likely. In that case, the engineer should either (1)
exercise reasonable judgement to select one of the distributions and
explain how it was selected, or (2) subdivide the catchment and use the
appropriate distribution for each subdivision.

The SCS temporal distributions are shown in Table 2.3.2. To derive the
required 24-hr storm depths, each fraction in cols. 2 and 4 for the type
IA or in cols. 3 and 5 for the type I storm is multiplied by the adjusted
24-hr rainfall total. This yields cumulative rainfall depth, in in. The
cumulative depth at times not shown in the table can be found with
linear interpolation. Incremental rainfall can be computed by computing
differences in successive values.

For example, for Rescue, CA the 24-hr 100-yr depth is 5.82 in. The
elevation at Rescue is less than 1,640 ft, so the type I distribution will
be used. The rainfall fraction shown for 0.5 hr is 0.008, so the
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cumulative ramntall after 0.5 hr 1s (0.008)(5.82) = 0.04 in. The fraction
shown for 1.0 hr 1s 0.017, so after 1 hr, the cumulative rainfall will be
(0.017)(5.82) = 0.10 in. The incremental rainfall from time 0.0 hr to
0.5 hr 1s (0.04 - 0.00) = 0.04 in, and the incremental rainfall from
time 0.5 hr to 1.0 hr is (0.10 - 0.04) = 0.06 in. These calculations can
be continued to define the incremental rainfall for subsequent 0.5 hr

mtervals.
Table 2.3.2 SCS Type IA and | 24-hr Rainfall Distributions
{Source: SCS TR-55 program files)
Fraction of 24-hr total Fraction of 24-hr total
Time. hrs Type 1A Type 1 Time, hrs Type 1A Type I
(D {2 3) (4) 5 (6)

0.0 0.000 0.000 125 0.683 0.706
G.5 0.016 0.008 13.0 0.701 0.728
1.0 0.022 0.017 135 0.719 0.748
1.5 0.036 0.026 14.0 0.736 0.766
2.0 0.051 0.035 4.5 0.753 0.783
2.5 0.067 0.045 150 0.769 0.799
3.0 (.083 0.055 iS5 0.785 0.815
3.5 0.099 0.065 16.0 0.800 0.830
4.0 0116 0.076 165 0.813 0.844
4.5 0.135 0.087 17.0 0.830 0.857
5.0 0.156 0.099 17.5 0.844 0.870
5.5 0.179 0.112 18.0 0.858 0.882
6.0 0.204 0.126 18.5 0.87! 0.893
6.5 0.233 0.140 19.0 0.884 0.905
7.0 0.268 0.156 19.5 0.896 0.916
7.5 0.310 0.174 20.0 0.908 0.926
8.0 0.425 0.194 20.5 0.920 0.936
8.5 0.480 0.219 21.0 0.932 0.946
9.0 0.520 0.254 21.5 0.944 0.956
9.5 0.550 0.303 22.0 0.956 0.965
10.0 0.577 0.515 225 0.967 0.974
10.5 0.601 0.583 23.0 0.978 0.983
11.0 0.623 0.624 23.5 0.989 0.992
11.5 0.644 0.655 24.0 1.000 1.000

12.0 0.664 0.682
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2.4 Hydrograph Method

Stormwater runoff hydrographs are determined with the procedure
illustrated in Fig. 2.4.1. The SCS curve number and unit hydrograph
models are described in detail in section 4 of the SCS National
Engineering Handbook (1971), commonly referred to as NEH-4, and in
SCS Technical Release No. 55 (1986), commonly referred to as 7R-55.
For convenience, the methods are summarized here. However, the SCS
documents are considered the authoritative references on model
application, not withstanding any guidance provided herein.

. Denve design storm

. {depth with appropriate

| adjustments
+emporal dis tribution

Estimate runoff
volume withSCS
curve number
model

| compute runoff
hydrograph with
; ,1 ~ 5CS unithydrograph

Estimate baseflow
contribution

FIG. 2.4.1 Runoff Computation Procedure
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2.4.7 Runoff Volume

Stormwater runoff volumes for hydrograph computations are estimated
with the SCS curve number (CN) model. This model estimates the
volume of direct runoff per unit area. P, . as:

(P-Ly

Al @.4.1)
¢ P-1+S

in which P = depth of rainfall; /, = initial abstraction before ponding:
and § = potential maximum depth of water retained in the catchment.
This equation applies if (P - ) > 0. otherwise the rainfall is "lost" to
the initial abstraction. P, is sometimes referred to as the rainfall excess;
it is the rainfall that is neither retained on the surface nor infiltrated into
the soil.

From data for gaged catchments, the SCS found that, on the average,
the initial abstraction and maximum retention were related as:

[,=0.28 (2.4.2)

Also from analysis of gaged data, the SCS found that maximum
retention could be predicted as a function of antecedent moisture, land-
cover type / hydrologic treatment, and soil type. The predictive
relationship uses an intermediate variable, called the curve number
(CN), that 1s related to retention as:

5:1@_10 (2.4.3)
CN

The Soil Conservation Service has determined and tabulated CN values
for various iand uses on the various soil types for average antecedent
moisture conditions. CN tables are included in NEH-4 and in TR-55.
For convenience, the tables are reproduced and included as Appendix
2.3. For simplicity in these tables, the SCS categorized soils as those
with high infiltration rates and, hence, low runoff potential (type A);
those with moderate infiltration rates when thoroughly wetted (B); those
with low infiltration rates when thoroughly wetted (C); and those with
very low infiltration rates and high runoff potential (D).

2-1

s

20-1050 F 63 of 260




For a catchment that consists of a variety of land uses and soil types, a
CN is computed for each combination, and a composite CN is computed
as the spatially-weighted average.

To compute a runoff hydrograph, the temporal distribution of rainfall
excess must be estimated. This is accomplished by computing first the
cumulative rainfall depth for the design storm, as demonstrated in
Section 2.3. Eq. 2.4.1 is then solved to estimate cumulative excess at
each time step. Differences in successive cumulative excess values are
the incremental excess values. These are used to compute the runoff
hydrograph.

For illustration, the calculations for the first few hours of a 24-hr storm
are shown in Table 2.4.1. These computations are for the Rescue, CA
example, using CN=70. Col. 2 shows the cumulative rainfall depths
from the 24-hr 100-yr design storm, with a type I distribution. The
maximum retention, according to Eq. 2.4.3, is 4.29 in., and the initial
abstraction, according to Eq. 2.4.2, is 0.86 in. Consequently, until the
cumulative rainfall exceeds this initial abstraction (sometime between
6.5 and 7.0 hrs), the excess rainfall (shown in col. 3) is zero.
Thereafter, the excess is the value computed with Eq. 2.4.1. The values
in col. 4 are the differences in successive values in col. 3. These
incremental excess values are necessary for computation of the runoff
hydrograph.

o
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Table 2.4.1 Rainfall Excess Computation Example

Time, hr Cumulative Cumulative Incremental

rainfall, n. excess, in. excess, .
(D ) %)) 4)
0.0 0.00 0.00 0.00
0.5 0.05 0.00 0.00
1.0 .10 0.00 0.00
1.5 0.15 0.00 0.00
2.0 0.20 0.00 0.00
2.5 0.26 0.00 0.00
3.0 0.32 0.00 0.00
3.3 (.38 0.00 (.00
4.0 0.44 0.00 0.00
4.5 .51 (.00 0.00
5.0 0.58 0.00 0.00
5.5 0.65 .00 0.00
6.0 0.73 0.00 0.00
6.5 0.81 0.00 0.00
7.0 0.91 (.00 0.00
7.5 1.01 0.01 0.01
8.0 i.13 0.02 0.01
8.5 1.27 .04 0.02
9.0 1.48 (.08 0.04
9.5. 1.76 0.16 0.08
etc

2.4.2 Runoff Hydrograph

A runoff hyvdrograph can be computed from rainfall excess with the
following equation:

nnsM

Q=Y PU_ . (2.4.4)

in which ¢, = hydrograph ordinate n (at ime nAft); P, = rainfall
excess ordinate m (in time interval mAz); Ar = computation time
interval; U, ., = umt nydrograph (UH) ordinate (n-m+1) (at time (n-
m+1)Ar); and M = number of periods of excess rainfall (of duration
At). For El Dorado County, the SCS unit hydrograph UH is used with

Eq. 2.4.4. This is a dimensionless UH in which the ordinate at any time
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is defined as a fraction of the UH peak discharge. The UH ordinates, in
dimensionless format, are given in Table 2.4.2.

p

Table 2.4.2 SCS Dimensionless UH
{Source: SCS, 1971}

% time to UH % UH peak % time to % UH peak

peak (% T,) (% q,) UH peak (% (% q,)
1) @) 1) )

(3)
6.0 0.00 1.7 0.46
0.1 0.03 1.8 0.39
0.2 0.10 1.9 0.33
0.3 0.19 2.0 0.28
0.4 0.31 2.2 0.207
0.5 0.47 2.4 0.147
0.6 0.66 2.6 0.107
0.7 0.82 2.8 0.077
0.8 0.93 3.0 0.055
G.9 0.99 3.2 0.04
1.0 1.00 3.4 0.029
1.1 0.99 3.6 0.021
1.2 0.93 3.8 0.015
1.3 0.86 4.0 0.011
1.4 0.78 4.5 0.005
1.5 0.68 5.0 0.00
1.6 C.56
The UH peak is given by
_ 4844 2.4.5)
Tp

in which q, = UH peak, in cfs; A = catchment area, in sq mi; and T,
= time to UH peak, in hr. This time to peak is given by

T,=

£+L
2
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in which AD = duration of unit rainfall excess, in hr; and L =
catchment lag time. in hr. According to the SCS (1972), for average
conditions this lag can be estimated as 60% 1, .

The time of concentration is "... the time it takes for runoff to travel
from the hydraulicaliv most distant part of the storm area to the
watershed outlet or other point of reference downstream. ... {it] is
generally understood as applying to surface runoff (SCS, 1972)." TR-
55 suggests that this flow time may be divided into three components:
(1) sheet flow ume. or time i which water flows overland in no clearly
defined channel; (2) shallow flow time, in which water flows at shallow
depths in rills or in streets or gutters: and (3) channel flow time, In
which the runoff 1s in a clearly-defined channel. 7R-55 provides the
following guidance for estimating these umes:

Sheer flow: The travel time of sheet flow can be estumated with the
following simplified solution to the kinematic-wave equations:

0.8
7. 0.007(nL)°?

pae (2.4.7)
(‘Pq)O,SS 04

in which 7, = sheet flow travel time. 1n hr: n = overland-flow
roughness coefficient (nor Manning's coefficient); L = length of
overland flow surface. in ft (< 300 ft.); P, = 2-yr. 24-hr rainfall
depth, in in.: and S = land slope. in ft/ft. Overland flow roughness
coefficients tor a variety of land uses are shown in Table 2.4.3.
Others are tabulated in publications from the Hydrologic
Engineering Center (1979, 1990).

Shallow concentrated flow: The velocity of shallow flow over an

unpaved surface 1s estimated as:

V=16.1345,/5, (2.4.8)

in which V = shallow-concentrated flow velocity. in ft./sec; and
S, = slope. in ft/ft. For flow over a paved surface. the velocity may
be estimated as:

V'=20.3283,/S, (2.4.9)

o
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In etther case, the travel time is the flow path length divided by the
velocity.

Channel flow: The velocity of flow in a clearly-defined channel is
estimated with Manning's equation, assuming discharge equal the
average annual value (2-yr event). If this discharge is unknown, the
regression equation presented in Appendix 2.5 can be used to
provide an estimate. The channel-flow travel time is the channel
length divided by the velocity.

Table 2.4.3 Overland-flow Roughness Coefficients
(Source: SCS, 1986)

Surface description Overland flow n
(D 2

Smooth surfaces (concrete, asphalt, 0.011
gravel, or bare soil
Fallow (no residue) 0.05
Cultivated soils:
Residue cover < 20% 0.06
Residue cover > 20% 0.17
Grass:
Short grass prairie 0.15
Dense grasses 0.24
Bermuda 0.41
Range (natural) 0.13
Woods:
Light underbrush 0.40
Dense underbrush 0.80

When the various travel times are determined, #, can be computed as
the sum. The UH lag is estimated as 60% ¢, , and Eq. 2.4.5 is solved
to find the UH peak. In the solution of Eq. 2.4.6, it is convenient to
select AD equal the computation time step. Then the resulting UH can
be used directly with rainfall excess, which is computed with this same

time step, to estimate the runoff hydrograph.

Fig. 2.4.2 shows the 10-min UH developed for an example 5-sq mi
catchment in which ¢, = 1 hr. In that case, lag = 0.60 hr. Solving Eq.
2.4.6 yields 7, = 0.68 hr. Eq. 2.4.5 yields g, = 3541.5 cfs/in. of
excess rainfall. To develop the UH, values in cols. 1 and 3 of Table
2.4.2 are multiplied by 7, , and the values in cols. 2 and 4 are
multiplied by g, . To compute storm runoff, Eq. 2.4.4 is solved with
the UH and excess.
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FIG. 2.4.2 Example of 10-min UH for 5 sq mi Catchment

2.5 Peak-discharge Method

For cases in which a hydrograph is not required, peak discharge may
be estimated as:

Q=CiA (2.5.1)

in which Q = the peak discharge, in cfs; i = design rainfall intensity,
in in./hr, over a duration equal ¢, for the catchment; A = catchment
area, in acres; and C is a dimensionless runoff coefficient that accounts
for the lumped effects of all processes that affect the transformation of
rainfall to runoff. :

Eq. 2.5 commonly is known as a rational equation; use is common and
-guidance in use is readily available. (See, for example, WEF/ASCE,
1992). That guidance is not repeated here.
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Use of the rational equation for stormwater peak computations for El
Dorado County differs from what may be common practice in only two
ways:

*  Computation of time of concentration. The time of concentration
must be estimated as described in Section 2.4, thus yielding
consistent estimates regardless of the runoff computation method
used.

*  Runoff coefficient. To insure consistency with runoff peaks estimated
with the hydrograph method, C is specified as a function of return
period, time of concentration, land use and soil type, and storm type.
Values of C for the 10-yr and 100-yr events above and below
elevation 1,640 ft are shown in Figs. 2.5.1, 2.5.2, 2.5.3, and 2.5.4,
respectively. These values were derived by the County following the
procedure outlined by McKuen and Bondelid (1981). This procedure
is based on the assumption that if, under the proper circumstances,
the hydrograph method and the rational method are equally accurate
and appropriate, both should yield the same quantile. In summary,
the coefficients were found by computing the peak flow with the
SCS CN and UH hydrograph models, using a 24-hr storm with the
appropriate rainfall depth for the selected return period. Then C is
found using / = rainfall intensity for 7, in the rational equation.

Note that for consistency with the hydrograph method, these
tables use CN as the index of land use/soil type. The value
shown is a composite CN and is estimated as described in
Section 2.4.1.

2.6 Baseflow

Baseflow is "... drainage from ground water bodies whose water tables
are above the levels of the streambeds (Amerman and Naney, 1982)."
The source is precipitation (rain or snow) that has fallen, infiltrated,
percolated, and traveled as interflow or groundwater flow to the
channel.

Baseflow enters the stream channel via seepage and springs. Thus, if
drainage in a catchment is primarily in lined channels or a pipe system,
baseflow will be negligible and may be ignored. On the other hand, for
unlined channels in El Dorado County, the engineer must account for
baseflow, regardless of which method is used for runoff computation.
The following methods of accounting for baseflow are acceptable:
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Fig. 2.5.2 Runoff Coefficients for 100-yr Event above 1,640’
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Fig. 2.5.4 Runoff Coefficients for 100-yr Event below 1,640’
(SCS type | storm)
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¢ Determine and add a constant discharge. This is appropriate for an
ephemeral stream. The rate may be estimated by inspection or by
analysis of gage data for similar catchments.

e Use an empirical model of baseflow, such as that in computer
program HEC-i. That model and others assume that drainage from
ground water bodies decreases exponentially with time after rainfail
stops: the flow rate at the beginning of a storm is a measure of the
antecedent condition. Then, when the catchment is sufficiently
charged with water during a storm, the runoff rate will again exhibit
this same pattern of exponential decay as water drains from the
catchment. Psomas and Associates (1991) proposed the parameters
shown 1n Table 2.6.1 for this HEC-1 baseflow model, "... based on
stream flow records in the Sierra Nevada foothills.”

Table 2.6.1 HEC-1 Baseflow-model Parameters
{Source: Psomas, 1991)

Rewmmn period, n ; Initial flow, 1n cfs Ratio of flow at Recession flow as
VIS : (STRTQ) point of recession | fraction of runoff
to flow 1 hr later peak (QRCSN)
(RTIOR)
(L e €) (4)
2 2 1.05 0.1
5 4 1.05 0.1
10 5 1.05 0.1
25 6 1.05 0.1
50 8 1.05 0.1
100 10 1.05 0.1
200 12 1.05 0.1
500 14 1.05 0.1

El Dorado County recognizes that inclusion or omission of baseflow
may have significant impact on stormwater facility design. For
example, if baseflow is present but is mistakenly omitted, the volume of
runoff may be underestimated, and a detention structure designed to
control the 100-yr event may fail to do so. Consequently, it is the
engineer's responsibility to properly account for this baseflow,
regardiess of the runoft-computation method used, and to explain the
rationale for the accounting.

)
1

b

tn
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2.7 Complex Catchment Analysis

For many analyses for stormwater management facilities in EI Dorado
County, catchments that contribute to discharge at the point of interest
are sufficiently small that their response to rainfall is uniform
throughout, and the impacts of channel flow are negligible. In that case,
the catchment can be analyzed as a single unit, with a simple model of
the transformation of rainfall to runoff.

If rainfall or hydrologic characteristics vary significantly in a catchment
or if runoff hydrographs are required at intermediate locations, the
engineer must subdivide the catchment for analysis. With this
subdivision, runoff from individual subcatchments is computed with the
hydrograph method, and the hydrographs are combined. If necessary,
the hydrographs are routed before combining to account for channel-
flow impacits.

2.7.71 Subcatchment Delineation

Subcatchments may vary in size from a few acres to a few square
miles, depending on the following:

e Locations at which significant quantities of water enter the drainage
system;

® Locations at which discharge peaks and hydrographs should be
determined to permit facility design or evaluation;

¢ Existing and projected drainage patterns;
* Existing and projected land uses;

¢ Physical characteristics of each subcatchment, including slopes,
vegetation, soil types.

The engineer should provide maps delineating the subcatchments and
showing clearly the drainage facilities.

2-26
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2.7.2 Streamflow Routing

Streamflow routing models account for the motion of flood flows in
channels by solving the continuity and momentum equations. A number
of alternative simplified solutions to these equations may be used for
stormwater modeling, including:

e Muskingum-Cunge (diffusion-wave) model:
e Kinematic-wave model;

e Muskingum modei:

e Storage (modified Puls) model.

In addition to these, the equations may be solved with a dynamic-wave
routing model. Such a model solves the "full” equations without
simplification.

The appropriate routing model depends on the data available and the
characteristics of the channel and the runoff hydrograph. A dynamic-
wave model can be used in any case. but this level of complexity
typically is not required. If the criteria shown in Table 2.7.1 are met,
one of the simplified models can be used.

It is beyond the scope of this manual to provide specific guidance for
parameter selection for all acceptable routing models. A hydrology text,
such as Chow, Maidment, and Mays (1988), or pertinent publications
of the Corps of Engineers should be consulted.
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Table 2.7.1 Appropriate Simplified Routing Models
{Adopted from Corps of Engineers Engineering Manual 171710-2-9021)

Criteria

(1)

OK to Use
@

Don't Use
3

Ungaged catchment

Muskingum-Cunge,
kinematic wave

Muskingum, storage

Backwater impacts

Storage

Muskingum-Cunge,
kinematic wave,

Muskingum
Overbank flow Muskingum-Cunge, Muskingum
storage
S, > (0.002) & Muskingum-Cunge, -

T, duranonS Dvavg/yavg > 117

kinematic wave,
Muskingum, storage

0.0004 < S, < 0.002 &
Tduralxonsovav avg > 117

Muskingum-Cunge,
Muskingum, storage

Kinematic wave

S, < 0.0004 &
Ta’urzzzion‘s‘()(g/yavg)”2 > 15

Muskingum-Cunge

Kinematic-wave,
Muskingum, storage

S, < 0.0004 &
Tdur:zziamSlJ(g/yavg)“2 <15

Dynamic-wave model

Any simplified model

Note: T,

wwaion = Hydrograph duration; S, = friction slope (bed slope); y,,, =

depth

corresponding to average discharge conditions for hydrograph routed; v,,, =

avg

velocity corresponding to average discharge conditions for hydrograph routed; g =

acceleration of gravity. Units for Ty,pipn » Sos Yavg » V

av,

, and g must be consistent.

For any study in which routing models are used, the engineer must
provide the following information:

Computations to demonstrate that the method selected satisfies the

criteria of Table 2.7.1.

If Muskingum or storage routing is used, a description of how

parameters were estimated from gaged data.

If the Muskingum-Cunge or kinematic wave model is used, a
description of the location and geometric properties of any cross
sections used. The cross sections selected should be representative

of the channel reaches.

2-28
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+ Explanation of selection of Manning’s n values, if required by the
streamflow routing model. These values should be consistent with
those in Section 6.

2.7.3 Water-control Measures

Water-control measures present in a catchment may alter significantly
the catchment response. The engineer must identify these measures, both
tor existing and proposed conditions. and must evaluate their impact,
which will be two-fold:

et

The measures wiil alter the flow ume in the catchment, and thus
may alter the time of concentration.

!J

The measures will alter catchment design-storm runoff hydrographs.

Diversions and storage facilities, including natural ponds, should be
modeled. Note that significant channel constrictions, such as bridges and
culverts, may create an effect similar to a detention structure. thev
should be treated as such if this is so.

Diversions can be modeled with appropriate rating functions to account
for the manner in which water is re-directed (HEC, 1990). Storage
facilities can be moedeled with storage rouung, as described in Section 3
of this manual.

The engineer must provide sufficient details to describe the water-
control measures and to show how each 1s modeled.

2.8 Reasonableness

The engineer must assess the reasonableness of design hydrographs or
peaks computed with the procedures described herein, based on
experience, on the experience of other engineers, and on information
available on historical tloods.
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Estimated peaks and runoff volumes should be compared with those of
equal return periods for similar catchments. In the absence of better
information, computed peaks may be compared with results of the
USGS regional regression equations (Waananen and Crippen, 1977).
For convenience, the appropriate equations for El Dorado County are
included in Appendix 2.4. Any significant deviation from the peaks
predicted with these regression equations may indicate an error in the
analysis, so should be explained fuily.

2.9 Computer Programs

El Dorado County does not require use of a computer program for the
analyses prescribed herein. If the computations are completed according
to the standards and guidelines presented herein, the engineer is free to
use any appropriate tool.

Because of the complexity of the computations and the risk of blunders,
El Dorado County endorses use of programs TR-55 and HEC-1 for
preparation of hydrology studies.

2.9.7 SCS Program TR-55

The loss and unit hydrograph methods described herein are incorporated
in computer program TR-55, which is available from the SCS. Program
input files that define the 24-hr storm depth-frequency relationship
developed by Goodridge and described earlier in this section, are
available for the program.

The TR-55 program does not include streamflow routing models. If
routing is required, those computations must be performed with another
program.

2.9.2 Corps of Engineers Program HEC-1

Program HEC-1, developed at the Hydrologic Engineering Center of
the U.S. Army Corps of Engineers, is a general purpose rainfall-runoff-
routing program. It includes the loss, unit hydrograph, baseflow, and
simplified routing models described herein. This program may be used
for computations for drainage studies in El Dorado County.
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Appendix 2.5 includes an example of an HEC-1 input file for
computation of runoff from the small catchment used in previous
examples.

HEC-1 is available from various vendors, from universities, and from
other users. A list of these distributors is availabie from El Dorado
County DOT. For additional information on HEC-1 use, the engineer is
directed to the program user's manual (HEC, 1990) and to the
publications of the HEC. Instruction in use of HEC-1 is available
locally through the extension program of the University of California,
Davis.
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Appendix 2.2 El Dorado County Depth-duration-frequency
Function

The map and tables in this appendix are from the report by Goodridge
(1989). The map shows mean annual rainfall throughout El Dorado
County. The tables show depth for durations of 5, 10, 15, and 30 min,
1, 2, 3, 6, 12, and 24 hr for return periods of 2.33, 10, 25, 50, 100,
and 1000 yr, as a function of mean annual rainfall.

Note that, due to the characteristics of the statistical model used by
Goodridge, the 2.33-yr event is the average event. The corresponding
depth can be used in Eq. 2.4.7 to estimate sheet flow travel time
without any significant error.
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El Dorado Design Rainfall

Rainfall Depth in Inches for Rewurn Period = 2.33 vears

Mean Annual
Precipitationn. & Min 10Min 15Min 30Min 1 Hr 2Hrs 3Hrs 6Hrs 12 Hrs 24 Hrs

Source: Design Rainfall Tables for El Dorado County, prepared by Jim Goodridge, July 29, 1989
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l 20 0113 0162 0200 0286 0410 0.587 0.723 1.035 1.481 2.120
22 (L1200 0172 0212 0304 0435 0.623  0.768 1.099 1.572 2.249

24 (128 0.183  0.225 0322 0461 0.660 0.814 1.165 1.667 2.385

l 26 (135 0.193  0.238  0.341 0488 0.698 0.860 1.231 1.762 2.521
28 0142 0203 0251 0359 0.514 0735 0907 1.298 1.857 2.657

30 £140 0214 0264 0377 0540 0.773 0.953 1.364 1.952 2.793

' 30 (157 0.224 0277 03% 0566 0.810 1.000 1.430 2.047 2.929
34 (164 0.235 0289 0.414  (.593 0.848 1.046 1.497 2.142 3.065

36 G171 0245 0302 0433 0619 0886 1.092  1.563 2.237  3.200

' 38 179 0256 0.315 0451 0645 0923 1.139 1.629 2.332 3.336
40 (186 0.266 0328 0466 0671 0961 1.185 1.696 2.426 3.472

42 (193 0276 0341 0488 0698 0998 1.231 1.762 2.521 3.608

l 44 CO00 0287 035 0506 724 1.036 1.27% 1.828 2.616 3.744
46 £0% 0297 0366 0524 0750 1.074 1324 1.895 2711 3.880

48 (2 0308 0379 0543 0777 1111 1370 1.961 2.806 4.016

l 50 G220 0318 0392 0561 0803 1.149 1.417 2.027 2.901 4.152
52 (229 0328 0405 0579 0829 1.186 1.463 2.094 2996 4.287

I 54 (237 0339 0418 0598 0855 1224 1.510 2.160 3.091 4.423
56 0244 0349 0431 0616 0882 1.262 1.556 2.226 3.186 4.559

58 (251 0360 0443 0.634 0908 1.299 1.602 2.293 3.281 4.695

l 60 (259 0370 0456 0.653 00934 1.337 1.649 2.359 3.376 4.831
62 (66 0380 0469 0670 0960 1.374 1.695 2.425 3.471 4.967

64 (273 0391 0.482  0.690 0987 1.412 1.741 2492 3.566 5.103

. 66 ¢ %0 0.401  0.495  0.70% 1013 1.450 1.788 2.558 3.661 5.238
63 (288 0.412 0508 0.726 1.039 1.487 1.834 2.625 3.756 5.374

70 0295 0422 0520 0.745 1066 1.525 1.880 2.691 3.851 5.510

I 72 (.30 0432 0533 0.763  1.092 1.562 1.927 2.757 3.946 5.646
74 (1,309 0443 0546 0.781 1.118 1.600 1.973 2.824 4.040 5.782

76 0.317 0453 0559 0.800 i.144 1.638 2.020 2.890 4.135 5.918

l 78 (.324 0464 0572 0.818 1.171 1.675 2.066 2.956 4.230 6.054
80 (1331 0.474 0585 0.83 1.197 1.713 2.112 3.023 4.325 6.189

82 (1339 0484 0597 0.855 1223 1.750 2.159 3.089 4.420 6.325

I 84 (346 0.495 0610 0.873 1250 1.788 2.205 3.155 4.515 6.461
86 1353 0505 0623 089 1276 1.826 2251 3222 4610 6.597

88 1360 0.516 0636 0910 302 1.863 2298 3.288 4.705 6.733

l 90 1368 0526 0.649  0.928 1328 1.901 2.344 3.354 4.800 6.869




El Dorado Design Rainfall
Rainfall Depth in Inches for Return Period = 10 years

Mean Annual
Precipitation 5Min 10Min 15Min 30Min 1Hr 2Hrs 3Hrs 6Hrs 12Hrs 24 Hrs

20 0.167 0239 0.295 0422 0603 0.863 1.065 1.524 2.180 3.120
22 0.177 0.254 0313 0.448 0.640 0916 1.130 1.617 2314 3.311
24 0.188 0.269 0.332 0.475 0.679 0972 1.198 1.715 2.454 3.511
26 0.199 0.284 0.350 0.502 0.718 1.027 1.267 1.812 2.594 3.711
28 0.209 0.300 0.369 0.529 0.756 1.082 1.335 1910 2.733 3.911
30 0.220 0.315 0.388 0.556 0.795 1.138 1.403 2.008 2.873 4.111
32 0.231 0.330 0407 0.583 0.834 1.193 1.471 2.105 3.013 4.311
34 0.241 0.345 0426 0.610 0.872 1.248 1.540 2.203 3.153 4.511
36 0.252 0.361 0.445 0.637 0911 1.304 1.608 2301 3.292 4.711
38 0.263 0.376 0.464 0.664 0.950 1.359 1.676 2.398 3.432 4911
40 0.274 0391 0.483 0.691 0988 1.414 1.744 2496 3.572 5.111
42 0.284 0407 0502 0718 1.027 1470 1.813 2594 3712 5.311
44 0.295 0422 0520 0.745 1.066 1.525 1.881 2.691 3.851 5.511
46 0.306 0437 0539 0.772 1.104 1.580 1.949 2.789 3991 5.711
48 0.316 0453 0.558 0.799 1.143 1.636 2.017 2.887 4.131 5911
50 0.327 0.468 0.577 0.826 1.182 1.691 2.086 2984 4271 6.111
52 0.338 0.483 0.596 0.853 1.221 1.747 2.154 3.082 4410 6.311
54 0.348 0499 0.615 0.880 1.259 1.802 2.222 3,180 4.550 6.511
56 0.359 0.514 0.634 0907 1.298 1.857 2.290 3.277 4.690 6.711
58 0.370  0.529 0.653 0.934 1.337 1913 2359 3.375 4.830 6.911
60 0.381 0.545 0.672 0961 1.375 1.968 2427 3473 4969 7.111
62 0.391 0.560 0.690 0.988 1.414 2.023 2495 3.570 5.109 7.311
64 0.402 0575 0.709 1.015 1453 2.079 2563 3.668 5.249 7.511
66 0.413 0.591 0.728 1.042 1.491 2.134 2632 3.766 5.380 7.711
68 0.423 0.606 0.747 1.069 1.530 2.189 2.700 3.863 5.528 7.911
70 0.434 0.621 0.766 1.096 1.569 2.245 2768 3.961 5668 8.111
7 0.445 0.636 0.785 1.123 1.607 2.300 2.836 4.059 5.808 8.311
74 0.455 0.652 0.804 1.150 1.646 2355 2905 4.156 5948 8.511
76 0.466 0.667 0.823 1.177 1.685 2411 2973 4.254 6.087 8.711
78 0.477 0.682 0.842 1.204 1.723 2466 3.041 4352 6.227 8.911
80 0.488 0.698 0.860 1.231 1.762 2.521 3.109 4.449 6.367 9.111
82 0.498 0.713 0.879 1.258 1.801 2.577 3.178 4.547 6.507 9.311
84 0.509 0.728 0.898 1.285 1.839 2.632 3246 4.645 6.646 9.511
36 0.520 0.744 0.917 1.312 1.878 2.687 3.314 4.742 6.786 9.711
88 0.530 0.759 0936 1.339 1917 2.743 3382 4.840 6.926 90911
90 0.541 0.774 0.955 1.366 1.955 2.798 3.451 4938 7.066 10.111

Source: Design Rainfall Tables for El Dorade County, prepared by Jim Goodridge, July 29, 1989
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l El Dorado Design Rainfall
I Ramfall Depth in Inches for Return Period = 235 years
l Mean Annual
Precipitation S Mm 10Min 13Min 30Mm {1 Hr 2Hrs 3 Hrs 6Hrs 12 Hrs 24 Hrs
l 20 (166 0.280 0.346 0495 0.708 1.013 1.249 1.788 2.558 3.661
2 208 0298 0367 0525 0751 1.075 1326 1.897 2715 3.885
24 (.220 0316 0389 0.557 4797 1.140 1406 2.012 2.879 4.120
I 26 {033 0333 0411 0.589 0842 1205 1.486 2,127 3.043 4355
28 {246 0.351 0433 0.620 O.888 1.270 1.566 2.241 3.207 4.589
30 {058 0369 0.456  0.652 0933 1.335 1.646 2356 3.371 4.824
l 32 (.27 0.387 0478 0.684 0978 1400 1.726 2470 3.535 5.059
34 (.83 0405 0.500 0.715  1.024 1465 1.806 2.585 3.699 5.293
36 (296 0423 0.522 0747 1069 1530 1.887 2700 3.863 5.528
I 38 (.-08 0.441 0544 0.779 i.i14 1.595 1967 2.814 4.027 5.763
40 (221 0459 0566 0811 1160 1.660 2.047 2929 4,191 5.997
42 {234 0477 0589 0.842 1205 1.725 2,127 3.043 4355 6.232
l 44 {46 0495 0611 0874 1251 1.790 2207 3.158 4.519 6.467
46 {256 0513 0633 0906 1296 1.854 2287 3.273 4.683 6.701
43 C.o71 0531 0.655 0937 1.341 1919 2367 3.387 4.847 6.936
l 50 (-8 0549 0677 0969 1387 1984 447 3502 5011 7.171
52 C.:96 03567 0.699 1.000 1432 2049 1.527 3.616 5.175 7.405
54 209 0585 0722 1.032 1477 2114 2,607 3.731 5339 7.640
l 56 C«21 0.603 0744 1.064 1323 2,179 2687 3.846 5.503 7.875
58 (<34 0.621 0766 1.096 1368 2244 2767 3.960 5.667 8.109
60 (<47  0.639 0788 1.128 1.614 2309 2.848 4.075 5.831 8.344
l 62 <56 0.657 0810 1.159 1659 2374 2928 4.189 5.995 8.579
64 (472 0.675 0.832 1.191 1.7 2.439  3.008 4.304 6.159 8.813
. 66 (.8 0693 0.855 1.223 1750 2.504 3.088 4.419 6.323 9.048
68 €467 0711 0.877 1.254 1795 2569 3168 4533 6.487 9.283
70 €209 0.729 0.899 1.286 1.841 2.634 3.248 4.648 6.651 9.517
l 72 €222 0747 0921 1.318 1886 2.699 3328 4.762 6.815 9.752
74 C.234 0765 0.943 1.350 1931 2764 3408 4.877 6.979 9.987
76 (.247 0.783 0965 1.381 1.977 2.829 3488 4.992 7.143 10.221
I 78 .60 0.801 0987 1.413 2022 2893 3568 5.106 7.307 10.456
80 (172 0.819 1.010 1.445 2067 2958 3648 5.221 7.471 10.691
82 (.85 0.837 1.032 1476 23113 3.023 3728 5.335 7.635 10.925
. &4 (397 0.855 1.054 1508 2158 3.088 3.809 5450 7.799 11.160
86 .60 0.873 1.076 1.540 2204 3,153 3889 5.565 7.963 11.395
88 €622 0.891  1.098 1.572 2249 3218 3969 5.679 8.127 11.629
l 90 (635 0909 1.120 1.603 2294 3283 4049 5794 8291 1i.864
l Source: Design Rainfall Tables for El Dorado County, prepared by Jim Goodridge, July 29, 1989
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El Dorado Design Rainfall
Rainfall Depth in Inches for Return Period = 50 years

Mean Annual
Precipitation 5Min 10Min 15Min 30Min 1Hr 2Hrs 3Hrs 6Hrs 12Hrs 24 Hrs

20 0.217 0310 0.382 0.547 0.783 1.120 1.382 1.977 2.829 4.048
22 0.230 0.329 0.406 0.581 0.831 1.189 1466 2.098 3.002 4.296
24 0.244 0.349 0430 0.616 0.881 1.261 1.555 2225 3.184 4.556
26 0.258 0.369 0455 0.651 0931 1.333 1.643 2352 3.365 4.815
28 0.272 0.389 0479 0.686 0981 1.404 1.732 2.478 3.546 5.075
30 0.285 0409 0.504 0.721 1.032 1476 1.820 2.605 3.728 5.334
32 0.299 0428 0.528 0.756 1.082 1.548 1.909 2.732 3.909 5.594
34 0.313 0.448 0.553 0.791 1.132 1.620 1.998 2.858 4.090 5.853
36 0.327 0.468 0577 0.826 1.182 1.692 2.086 2.985 4272 6.113
38 0.341 0.488 0.602 0.861 1.232 1.763 2.175 3.112 4453 6.372
40 0.355 0.508 0.626 0.896 1.282 1.835 2263 3.239 4.634 6.632
42 0.369 0.528 0.651 0.931 1.333 1907 2.352 3.365 4.816 6.891
44 0.383 0.548 0.675 0.966 1.383 1979 2.440 3.492 4997 7.151
46 0.397 0.567 0.700 1.001 1.433 2.051 2529 3.619 5.178 7.410
48 0.410 0.587 0.724 1.036 1483 2.122 2.617 3.745 5360 7.670
50 0.424 0.607 0.749 1.072 1.533 2.194 2.706 3.872 5.541 7.929
52 0.438 0.627 0.773 1.107 1.584 2266 2.795 3.999 5722 8.189
54 0.452 0.647 0.798 1.142 1.634 2338 2.883 4.126 5.904 8.448
56 0.466 0.667 0.822 1.177 1.684 2410 2.972 4.252 6.085 8.707
58 0.480 0.687 0.847 1.212 1734 2481 3.060 4.379 6266 8.967
60 0.494 0707 0.871 1.247 1.784 2.553 3.149 4.506 6.448 9.226
62 0.508 0.726 0.896 1.282 1.834 2.625 3.237 4.632 6.629 9.486
64 0.522 0746 0920 1.317 1.885 2.697 3.326 4.759 6.810 9.745
66 0.535 0.766 0945 1.352 1.935 2.769 3.414 4.886 6.992 10.005
68 0.549 0.786 0.969 1.387 1.985 2.841 3.503 5.013 7.173 10.264
70 0.563 0.806 0.994 1422 2035 2912 3.592 5.139 7.354 10.524
72 0.577 0.826 1.018 1.457 2.085 2984 3.680 5.266 7.536 10.783
74 0.591 0.846 1.043 1492 2136 3.056 3.769 5.393 7.717 11.043
76 0.605 0.866 1.067 1.527 2.186 3.128 3.857 5.520 7.898 11.302
78 0.619 0.885 1.092 1.563 2.236 3.200 3.946 5.646 8.080 11.562
80 0.633 0905 1.116 1.598 2.286 3.271 4.034 5.773 8.261 11.821
82 0.647 0925 1.141 1.633 2336 3.343 4.123 5900 8.442 12.081
84 0.660 0945 1.165 1.668 2.386 3.415 4.211 6.026 8.624 12.340
86 0.674 0965 1.190 1.703 2.437 3.487 4.300 6.153 8.805 12.600
88 0.688 0985 1.214 1.738 2.487 3.559 4.388 6.280 8.98 12.859
90 0.702 1.005 1.239 1.773 2.537 3.630 4.477 6.407 9.168 13.119

Source: Design Rainfall Tables for El Dorade County, prepared by Jim Goodridge, July 29, 1989
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El Dorado Design Rainfall

Rainfall Depth m Inches for Return Period = 100 years

Mean Annual
Preciptation & Min 1I0Min 1I5Min 30Min  !Hr 2Hrs 3Hrs 6Hrs 12 Hrs 24 Hrs
20 .237  0.339  0.418 0.598 (.855 1.224 1509 2,160 3.091 4423
22 G250 0359 0.443 0 0.634 0908 1299 1.602 2.292 3.280 4.694
24 206 0.381 0470 0.673 6963  1.377  1.699 2431 3478 4977
26 1.282 0403 0.497 0.711 1017 145 1.795 2.569 3.676 5.261
28 297 0425 0524 0749 1072 1.534  1.892 2.708 2.874 5544
30 312 0446 0.550 0788 1127 1.613  1.989 2.846 4.073 5.828
32 1327 0468 0577 0.826 1182 1.691 2086 2984 4271 6.111
34 G342 0490 0604 0.864 1237 1770 2,182 3.123  4.469  6.395
36 3357 0511 0631 0903 1291 1.848 2279 3261  4.667 6.678
38 2373 0.533 0 0.657  0.947 1346 1.927 2376 3.400 4.865 6.962
40 9388 0.555  0.684 0.979 1401 2.005 2473 3.538 5.063 7.245
42 093403 0,577 0711 1017 1456 2.083 2569 3.677 5.261  7.529
a4 418 0598 0738 1.056  [.S511 2.162 2666 3.815 5.459 7.812
46 1433 0.620 0.765  1.094 1566 2.240 2.763 3.954 5.657 8.096
48 448 0642 0.791  1.132 1.620 2319 2.860 4.092 5856 8.379
50 ) 464 0.663  0.818 1171 1675 2397 2956 4230 6.054 8.663
52 1479 0.685 0.845  1.209 1730 2.476 3.053 4.369 6.252 8.946
54 1494 0707 0.872  1.247 1785  2.554 3,150 4.507 6.450 9.230
56 1509 0.729  0.898  1.286  1.840 2,633 3247 4.646 6.648 9513
58 1324 0750 0,925 1.324 1895 2711 3343 4784 6.846 9.797
60 1S39 0 0.772 0 0952 1.362 1949 2790 3.440 4923 7.044  10.080
62 1555 0.794 0979 1400 2004 2.868 3.537 5.061 7.242 10.364
64 1570 0.815  1.006 1.439 2.059 2.946 3.634 5200 7.440 10.647
66 3585 0.837  1.032 1477 2114 3.025 3.730 5.338  7.639 10.931
68 2,600  0.859 1.059 1.516  Z.169 3.103 3.827 5.476 7.837 11.214
70 D615 0.881  1.086 1.544  2.223  3.182 3.924 5.615 8.035 11.498
72 0630 0902 1.113 0 1.592 1278 3.260 4.021 5.753 8.233 11.781
74 0646 0924  1.139  1.630 1.333 3.339 4.117 5.892 8.431 12.064
76 o6l 0.946 1166 1.669 2388 3.417 4214 6.030 8.629 12.348
78 (676 0967 1.193 1707 2.443 3496 4311 6.169 8.827 12.631
80 0.691 0989 1.220 1.745 2.498 3.574 4408 6307 9.025 12915
82 0706 1.011 1.246 1.784 2.552 3.652 4.504 6.446 9.223 13.198
84 (722 1032 1.273 1.822 2607 3731 4.601 6.584 9421 13.482
86 ¢737 0 1.054 1300 1.860 2662 3.809 4.698 6.722 9.620 13.765
88 4752 1.076 1.327 1.899 2717 3.888 4.795 6.861 9.818 14.049
90 0767 1.098 1.354 1937 2772 3966 4.891 6.999 10.016 14.332

Source: Design Raiafall Tables for El Dorado County, prepared by Jim Goodridge, July 29, 1989

ot 20-1050 F 90 of 260




El Dorado Design Rainfall

Rainfall Depth in Inches for Return Period = 1000 years

Mean Annual

Precipitation S5 Min 10Min 15Min 30Min 1Hr 2Hrs 3Hrs 6Hrs 12 Hrs 24 Hrs
20 0.300 0.429 0.529 0.758 1.084 1.551 1.913 2.738 3.918 5.606
22 0.318 0.456 0562 0.804 1.151 1.646 2030 2906 4.158 5.950
24 0.338 0.483 0.596 0.853 1.220 1.746 2.153 3.081 4.409 6.309
26 0.357 0.511 0.630 0.901 1.290 1.845 2.276 3.256 4.660 6.668
28 0376 0538 0.664 0950 1.359 1.945 2.398 3.432 4911 7.028
30 0.395 0.566 0.698 0.998 1.429 2.044 2.521 3.607 5.162 7.387
32 0.415 0593 0.732 1.047 1.498 2.144 2.644 3783 5.413 7.746
34 0.434 0.621 0.766 1.095 1.568 2243 2766 3.958 5.664 8.106
36 0.453 0.648 0.799 1.144 1.637 2.343 2.889 4.134 5915 8.465
38 0.472 0.676 0.833 1.193 1.707 2.442 3.011 4309 6.167 8.824
40 0.491 0.703 0.867 1.241 1.776 2.541 3.134 4485 6.418 9.184
42 0.511  0.731 0.901 1.290 1.845 2.641 3.257 4.660 6.669 9.543
44 0.530 0.758 0.935 1.338 1915 2.740 3.379 4.836 6.920 9.902
46 0.549 0.786 0.969 1.387 1.984 2.840 3.502 5011 7.171 10.262
48 0.568 0.813 1.003 1.435 2.054 2939 3.625 5.187 7.422 10.621
50 0.588 0.841 1.037 1.484 2.123 3.039 3.747 5362 7.673 10.980
52 0.607 0.868 1.071 1.532 2.193 3.138 3.870 5.538 7.924 11.340
54 0.626 0.896 1.105 1.581 2.262 3.238 3.993 S5.713 8.176 11.699
56 0.645 0923 1.139 1.630 2.332 3.337 4.115 5.889 8.427 12.058
58 0.665 0951 1.173 1.678 2401 3.436 4.238 6.064 8.678 12.418
60 0.684 0.978 1.207 1.727 2.471 3.536 4360 6.240 8.929 12.777
62 0.703 1.006 1.241 1.775 2.540 3.635 4.483 6.415 9.180 13.136
64 0.722  1.034 1.275 1.824 2.610 3.735 4.606 6.591 9.431 13.496
66 0.741 1.061 1.308 1.872 2.679 3.834 4.728 6.766 9.682 13.855
68 0.761 1.089 1.342 1921 2.749 3.934 42851 6942 9.933 14.214
70 0.780 1.116 1.376 1.970 2.818 4.033 4974 7.117 10.184 14.574
72 0.799 1.144 1410 2.018 2.888 4.132 5.096 7.293 10.436 14.933
74 0.818 1.171 1.444 2.067 2.957 4.232 5219 7.468 10.687 15.292
76 0.838 1.199 1.478 2.115 3.027 4.331 5.341 7.644 10.938 15.652
78 0.857 1.226 1512 2.164 3.096 4.431 5.464 7.819 11.189 16.011
30 0.876 1.254 1546 2212 3.166 4.530 5.587 7.995 11.440 16.370
82 0.895 1.281 1.580 2.261 3.235 4.630 5.709 8.170 11.691 16.730
84 0.915 1.309 1.614 2309 3.305 4.729 5.832 8.345 11.942 17.089
86 0934 1336 1.648 2358 3374 4.829 5.955 8521 12.193 17.448
88 0.953 1364 1.682 2407 3.444 4.928 6.077 8.696 12.444 17.808
90 0.972 1391 1.716 2455 3.513 5.027 6.200 8.872 12.696 18.167

Source: Design Rainfall Tables for E! Dorado County, prepared by Jim Goodridge, July 29, 1989
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I " Mean t Rainfall Intensity in inches per hour for ‘Relurn Period = 2.33 ycars
. paoual  SMin 10Min  15Min 30Min  1Hr  2Hs  3Hrs 6 Hrs  12Hm 24 Hrs
l Percipitation :
20 1.361 974 .801 573 410 293 241 173 .123 088
22 1.445 1.034 .850 .608 435 31t .256 .183 .131 .094
l 24 1.532 1.096 .901_  .645 461 .330 271 .194 .139 .099
26 1.619- 1.158° .952° 681 488 .349 287 .205 .147 105
28 1.706 1.221 1.004 .718 514 .368 .302 216 155 A1l
l 30 1.794 1.283 1.055 .755 .540 .386 318 227 163 116
32 1.881 1.346 1.106 .792 .566 405 333 .238 171 122
34 1,968 1.408 1.158  .828 593 424 .349 249 .178 128
I . 36 1.055  1.471 1.209 .B65 .619 .443 .364 .260 .186 133
38 2143 1.533 1.260 .902 .645 462 .380 272 .194 139
40 2,230 1.595  1.312 .938 671 .480 .395 283 202 145
l 42 2.317  1.658 1.363 975 .0698 499 410 .294 ,210 150
44 2.404 1,720 1.414 1.012 124 .518 426 .305 218 156
46 2.492 1.783- 1.466 1.049  .750 537 441 316 226 .162
' )48 2.579  1.845 1.517 1.085 77 556 457 327 234 167
- 50 2.666 1908 1.568 1.122 .803 574 472 .338 242 173
) 52 2753 1.970 1.620 1.159  .829 .593 .488 .349 .250 179
l 54 2.841 2.032 1.671 1.196 .855 612 503 .360 258 .184
56 2.928 2,095 1.722 1.232 .882 631 .519 371 265 .190
58 3.015 2.157 1.774 1.269  .908 650 534 .382 273 .196
l 60 3.102  2.220  1.825 1.306 .934 .668 .550 .393 .281 201
62 3.1¢0 2.282 1.876 1.342  .960 687 .565 404 .289 .207
64 3.277 - 2.345 1.928 1.379  .987 706 .580 415 .297 213
l 66 3.364 2.407 1979 1.416 1.013 125 .596 426 .305 218
68 34451 2,469 2.030 1.453 1.039 .744 611 437 313 224
- 70 3.5%9 2,532 2.082 1.489 1.066 762 627 448 321 .230
I 72 3.626 2.594 2,133  1.526 1.092 781 642 460 .329 235
74 3727 2657 2.184 1.563 1.118 .800 658 471 337 241
76 3800 2719 2.236 1.599 1.144 .819 .673 .482 .345 247
l 78 3835 2782 2.287 1.636 1.171  .838 .689 .493 353 252
80 3974 2844 2.338 1.673 1.197 .856 704 °.504 .360 .258
82 4.0655 2.906 2.389 1.710 1.223 .875 ,720 515 368 .264
I 84 4.149 2969 2.441 1.746 1.250 .894 735 .526 376 .269
86 4237 3.031 2.492 1.783 1.276 913 .750 537 .384 275
88 4.324 3.094 2.543 1.820 1.302 932 .766 .548 .392 281
l 90 441 3.156 2.595 1.857 1.328 .950 781 .559 400 .286
l 7/24/89  Note clder versions are superseded
12:08 PM Prepared by Jim Goodridge 916 345 3106
l Page 7
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Mean ‘ Rainfall Intensity in inches per bour for Return Pericd = 10 years
Annual 5Min 10Min  15Min  30Min  1Hr 2Hms  3Hms  6Hms  12Hms 24 Hrs
Percipitation :

20 2.004 1.434 1.179. .843 .603 432 .355 254 182 .130
22 2,127 1.522  1.251  .895 .640 458 3717 .270 193 138
24 2.255  1.613  1.326 .949 679 486 .399 286 204 146
26 2383 1.705 i.402 1.003 .718 514 422 .302 216 155
28 2,512 1797  1.478 1.057 756 541 445 318 228 .163
30 2.640  1.889 1.553 L.111 795 569 468 335 239 171
32 2.76%  1.981 1.629 1.165 .834 597 490 351 251 180
34 2,897 2073 1704 1.219 872 624 513 .367 .263  .188
36 3.026 2165 1780 1.273 911 652 .536 .383 274 196
"38 S 354 2.257  1.855  1.327  .950 .680 559 400 286 .205
40 3.282 2349 1931 1.381 .988 707 .581 416 298 213
42 © 3410 2440 2006 1.436  1.027  .735 .604 432 309 221
44 3.239% 2,532 2.082 1.490 1.066 .763 .627 449 321 230
46 3.663 2,624 2157 1.544 1.104 .790 650  .465 333,238
48 3.796 2716 2233 1.598 1.143 818 672 481 344 246
50 3.525 2,808 2.309 1.652 1.182  .846 695 497 356 L2355
52 4.053 2900 2.384 1.706 1.221 .873 718 514 368 .263
34 4.181 2992 2460 1760 1.259 .901 741 .530 379 271
56 4,310 3.084 2535 1.814 1.298 .929 763 546 391 .280
58 4.433 3.176 2611 1.868 1.337 .956 .786 .563 402 288
60 4.567 3.267 2.686 1.922. 1.375 .984 .809 579 414 296
62 4.695 3359 2762 1976 1.414 1.0i2 .832 .95 426 305
64 4.824 - 3451 2.837 2.030 1.453 1.039 .854 .61l 437 313
66 4.952 3.543 2913 2084 1.491 1.067 .877 628 449 321
68 5.081  3.635 2.989 2.138 1530 1.095 .900 644 401 .330
-70 5.20% 3727 3.064 2192 1.569 1.122  .923 .660 472 .338
72 5.337  3.819 3.140 2246 1.607 1.150 .945 676 484 346
74 5.466 3911 3.215 2300 1.646 1.178 .968 .693 496 355
76 5.594 4.003 3.291 2.354 1.685 1.205 .991 709 507 .363
78 5723 4.095 3.366 2409 1.723 1.233 1.014 725 519 371
80 5850 4.186 3.442 2463 1.762 1.261 1.036 .742 531 .380
82 5.980  4.278 3.517 2.517 1.801 1.288 1.059 .758 . .542  .388
84 6.108 4.370 3.593 2.571 1.839 1.316 1.082 .774 554 .396
86 6.236 4462 3.668 2625 1.878 1.344 1.105 .790 566 .405
88 6.365  4.554 3.744 2.679 1917 1.371 1.127 .807 S77 413
90 6.493 4.646 3.820 2733 1.955 1.399 1.150 .823 589 421

7/24/89  Note older versions are superseded
12:08 PM Prepared by Jim Goodridge 916 345 3106
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Mean Rainfall Intensity in inches per hour for Return Period = 25 years
I ‘\mfual' 5Min i1OMin 15Min 30Min = 1Hr 2Hrs 3Hrs 6Hrs 12Hrs 24 Hrs
pitation
20 2.351  1.682 1.383 .990 .708 507 416 .298 213 153
I 22 2.495 1.785 1.468 1.050 .75l 538 442 316 226 162
24 2.646 1.893 1.556 1.114 797 570 469 .335 .240 A72
26 27797  2.001 1.645 1.177 .84l .603 495 .354 254 181
l 28 2.947 2.109 1.734 1.240  .888 635 522 374 267 191
30 3.098 2.217 1.822 1.304  .933 667 .549 .393 .281 201
32 3.249  2.324 1911 1.367 .978 700 575 412 .295 211
I 34 3.349  2.432 2.000 1.431 1.024 .732 .602 431 .308 221
36 3,550 2.540 2.088 1.494 1.069 .705 .029 .450 322 .230
I 38 3.701 2.648 2.177 1.558 1.114  .797 .656 469 336 .240
40 3.852 2.756 2.266 1.621 1.160  .830 .682 488 .349 .250
42 4.002 2.864 2.354 1.684 1.205 .862 .709 507 .363 .260
44 4.153 2.971 2.443 1.748 1.251 .895 .736 .526 377 .269
I 46 4304 3.079 2532 1811 1.296  .927 762 .545 .390 279
: 48 4.454 3,187 2.620 1.875 1.341 .960 .789 .565 404 289
50 4.605 3.295 2709 1.938 1.387 .992 .816 .584 418 299
l 52 4756 3.403 2797 2.002 1.432 1.025 .842 .603 431 .309
54 4.906 3.510 2.886 2.065 1.477 1.057  .869 .022 445 318
56 5057 3.618 2975 2.128 1.523 1.090 .896 .641 .459 .328
' 58 5208 3.726 3.063 2.192 1.568 1.122 922 .660 472 338
60 5359 3.834 3.152 2255 1.614 L.155 949 .679 486 348
62 5509 3,942 3.241 2319 1.659 1.187 976 .698 .500 357
l ' 64 5.66C 4.050 3.329 2382 1.704 1.219 1.003 .717 513 367
66 5811 4.157 3.418 2446 1.750 1.252 1.029  .736 527 377
‘68 5961 4.265 3.507 2.509 1.795 1.284 1.056 .756 541 387
I 70 6.112 4.373  3.595 2.572 1.841 1.317 1.083 .775 554 397
‘ 72 6.26% 4.481 3.684 2636 1.886 1.349 1.109 .794 .568 .406
74 6.41% 4.589 3.773 2.699 1.931 1.382 1.136 .813 582 416
l 76 6.564 4.697 3.861 2763 1977 1.414 L 163,832 595 426
78 6715 4.804 3.950 2.826 2.022 1.447 L 189  .851 609 436
80 6.866 4.912 4.039 2.890 2.067 1.479 1.216  .870 623 445
I 82 7.016 5.020 4.127 2953 2113 1512 1.243  .88Y .636 455
84 7.167  5.128 4.216 3.016 2.158 1.544 1.270 908 .650 465
86 7518 5.236  4.304 3.080 2.204 1.577 1.296  .927 664 475
' 88 7.463 5344 4.393 3.143 2249 1.609 1.323  .947 6717 .485
90 7.619 5.451 4.482 3.207 2.294 1.642 1.350 .966 691 494
7/24/89  Note older versions arc superseded
I 12:08 PM Prepared by Jim Goodridge 916 345 3106
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Rainfall Intensity in inches per hour for Return Period = 50 years
S5Min  OMin 15Min  30Min  1Hr 2Hrs 3Hrs 6Hrs 12Hrs 24 Hms

S 2.600  1.860 1.529 1.094 .783 .560 461 .329 .236 .169
2.759  1.974 1.623 1.161 .83l 594 489 .350 .250 179
2.92¢ 2093 1.721 1.231 .88l .630 }KE} 371 .265 190
3.092 2213 1.819 1.302 93] .666 548 .392 .280 .201
3.25¢ 2332 1.917 1372 981 702 ST7 413 .296 211
3.426  2.451 2.015 1.442 1.032 738 607 434 311 222

-3.592 2570 2.113 1.512 1.082 774 636 455 326 233
3.759 2.689 2.211 1.582 1.132 .810 666 476 341 244
3.926 2.809 2.309 1.652 1.182  .846  .695 498 356 255
4.092 2.928 2.407 1.722 1.232  .882 125 519 .371 .260
4259  3.047 2.505 1.792 1.282 918 154 .540 386 276
4.426  3.166 2.603 1.863 1.333 .954 784 561 401 287
4.592 3.286 2.701 1.933 1.383  .989 .813 .582 416 .298
47759 3.405 2.799 2.003 1.433 1.025 .843 603 432 .309
4925 3.524 2.897 2.073 1.483 1.061 .872 .624 447 320
5.092 3.643 2.995 2.143 1.533 1.097 .902  .645 462 .330
5259 3763 3.093 2213 1.584 1.133 .932  .666 ATT 341
5425 3.882 3.191 2.283 1.634 1.169 .90l .688 492 352
5.592 4.001 3.289 2.354 1.684 1.205 .99l 709 .507 .363
5759 4120 3.387 2.424 1.734 1.241 1.020 .730 522 374

»
H
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C T R PR OISO RRNOODIENO -En

5925 4.239 3.485 2.494 1.784 1.277 1.050 .75l 537 384

62 6.092 4.359 3.583 2.564 1.834 1313 1079 772 552 395
64 6.259 4.478 3.682 2.634 1.885 1.348 1.109 .793 568 400
66 6.425 4.597 3.780 2704 1.935 1.384 1.138 .8l4 583 417
68 6.592 4716 3.878 2.774 1.985 1.420 1.168 .835 .598 428
70 6.758 4.836 3.976 2.844 2.035 1.456 1.197 .857 613 438
72 6.925 4955 4.074 2915 2085 1.492 1227 .878 .628 449
74 7.092 5.074 4.172 2985 2.136 1.528 1.256  .899 .643 460
76 7258 5.193 4.270 3.055 2.186 1.564 1.286  .920 .658 471
78 7.425 5313 4.368 3.125 2236 1.600 1.315 .94l 673 482
80 7592 5432 4.466 3.195 2.286 1.636 1.345 .962 .688 493
82 7158 5551 4.564 3.265 2.336 1.672 1.374 .983 .704 .503
84 7.925 5670 4.662 3.335 2.38¢ 1.707 1.404 1.004 719 514
86  8.052 5.789 4.760 3.406 2.437 1.743 1.433 1.026 .734 525
88 8258 5909 4.858 3.476 2.487 1779 1463 1.047 .749 536

90 8.425 6.028 4.956 3.546 2.537 1.815 1.492 1.068 .764  .547

7/24/89  Note olier versions are superseded
12:08 PM  Prepared by Jim Goodridge 916 345 3106
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Memn "' Rainfall Intensity in inches per hour for Return Period = 100 years
l \mual  5Miz  10Min 15Min 30Min IHr . 2Hrss 3Hrs G6Hrs 12Hm 24 Hms
dpitation
l 20 2.840 2032 1.671 1.195 .855 .612 .503  .360  .258  .184
22 3.014 2157 1773 1.269 .908 .649 534  .382 273  .196
24 3196 2.287 1.880 1.345 963 .689 566  .405  .290  .207
l 26 3.378 2417 ©1.987 1.422_ 1.017 .728 598  .428 306  .219
28 3.561 2.548 2.004 1.499 1.072 .767 .631  .451 323 231
30 1743 2.678 2202 1.575 1.127 .806  .663  .474  .339  .243
l 32 3.925 2.808 2.309 1.652 1.182 .846  .695  .497  .356  .255
34 . 4107 20938 2416 1.728 1237 .885 727  .520 372  .266
36 4260 3.069 2523 1.805 1291 .924 760  .544  .389  .278
I 38 4471 3.199 2630 1.882 1.346 963  .792  .567  .405  .290
40 463 3.329 2737 1.958 1.401 1.002 .824  .590  .422  .302
42 4.855 3.459 2.844 2.035 1.456 1.042 856  .613  .438  .314
I 44 5.017 3.590 2,951 2112 1.511 1.081 .889  .636  .455  .326
A 46 5199 3720 3.058 2.188 1.566 1.120 921  .659  .471  .337
48 5351 3.850 3.165 2.265 1.620 1.159 953  .682  .488  .349
l 50 5563 3.980 3.272 2.341 1.675 1.199 985 .705  .504 .36l
52 5745 4111 3.380 2.418 1730 1.238 1.018 .728  .521  .373
54 5977 4241 3487 2495 1785 1277 1.050 .751  .537  .385
l 56 6105 4.371 3.594 2571 1.840 1316 1.082 .774  .554  .396
58 6201 4.501 3.701 2.648 1.895 1.356 1.114 797  .571  .408
60 6473 - 4632 3.808 2725 1.949 1.395 1.147 .820  .587  .420
l . 62 6.65¢ 4762 3.915 2.801 2.004 1.434 1.179 .844  .604 432
64 683 4.892 4.022 2.878 2.059 1473 1211 .867  .620  .444
- 66 7020 5.022 4.129 2954 2114 1.512 1243 .890  .637  .455
I 68 7202 5153 4.236 3.031 2.169 1.552 1.276 .913 653  .467
.10 7334 5283 4.343 3.108 2223 1.591 1.308 .936  .670  .479
72 7566 5413 4.450 3.184 2278 1.630 1.340 959  .686 491
l 74 7748 5.544 4.558 3.261 2.333 1.669 1.372 982  .703  .503
76 7930 5.674 4.665 3.338 2.388 1.709 1.405 1.005 719  .514
78 8112 5804 4772 3.414 2443 1748 1.437 1.028 736  .526
l 80 §294 5934 4.879 3.491 2.498 1787 1469 1051 .752  .538
82 . 8476 6.065 4.986 3.567 2.552 1.826 1.501 1.074 769  .550
84 8.658 6.195 5.093 3.644 2.607 1.865 1.534 1.097 .785  .562
l 86 8.840 6325 5200 3.721 2.662 1.905 1.566 1.120 .802  .574
88 9022 6.455 5.307 3.797 2717 1.944 1598 1.143 .818  .585
' 90 9204 6.586 5.414 3.874 2772 1983 1.630 1.167 .835  .597
7/24/89  Note older versions are superseded
B  1208PM Prepared by Jim Goodridge 916 345 3106
I )
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Rainfall Intensity in inches per bour for Relurn Period = 1000 years
5Min  10Min 15Min 30Min  IHr 2Hrs 3Hrs 6Hms 12Hrs 24 Hrs
20 3.600 2.576 2.118 1.515 1.084 .776 .638 456 .326 .234
22 3.821 2.734 2.248 1.608 1.151 .823 671 484 .346 248
24  4.052 2.899 2.383 1705 1.220 .873 718 513 .367 .263
26 4,282 3.064 2.519 1.802 1.290 .923 759 .543 .388 278
28 4513 3.229 2.655 1.899 1.359 .972 799 572 409 293
30 4744 3.394 2791 1997 1.429 1.022  .840 .601 430 .308
32 4.975 3.559 2.926 2.094 1.498 1.072 .88l .630 451 323
34 5205 3.724 3.062 2191 1.568 1122 .922 .660 472 .338
36 - 5436 3.890 3.198 2.288 1.637 1.171 963 .689 493 353
38 5657 4.055 3.334 2385 1.707 1.221 1.004 718 514 .368
40 5898 4.220 3.469 2482 1.776 1271 1.045 747 .535 .383
42 6.126 4.385 3.605 2.579 1.845 1.320 1086 777 .556 .398
44 6.35¢ 4.550 3.741 2.676 1.915 1.370 1.126 .806 ST7 413
46 6.590 4.715 3.877 2774 1.984 1.420 1107 .835 598 428
48 6.621 4.880 4.012 2.871 2.054 1.470 1.208 864 619 443
50 7.052 5.045 4.148 2.968 2.123 1.519 1.249 .894 .639 458
52 7282 5.210 4.284 3.065 2.193 1.569 1290 .923 .660 472
54 7517 5376 4.419 3.162 2262 1.619 1.331 952 .681 487
56 7944  5.541 4.555 3.259 2.332 1.668 1.372 .981 702 .502
58 7475 5706 4.691 3.356 2401 1.718 1.413 1.011 .723 517
60 8.205 5.871 4.827 3.453 2.471 1.768 1.453 1.040 .744 .532
62 8.435 6.036 4.962 3.551 2.540 1.818 1.494 1.069  .765 .547
64 8.067 6.201 5.098 3.648 2.610 1.867  L.535 1.098 .786 .562
66 8.89% 6.366 5.234 3,745 2.679 1917 1.576 1.128  .807 577
-68 9.127 6.531 5.370 3.842 2749 1.967 1.617 1.157  .B28 .592
70 §.357 6.696 5.505 3.939 2.818 2.017 1.658 1.186  .849 .607
72 ¢.590 6.862 5.641 4.03¢ 2.888 2.066  1.699 1.215 .870 622
74 9.821 7.027 5.777 4.133 2957 2.1 16 1.740 1.245 .89l 637
76 10,052 7.192 5.913 4.230 3.027 2.166 1.780 1.274 911 .652

78 10262 7.357 6.048 4.328 3.096 2.215 1.821 1.303  .932 667
80 10.51> 7.522 6.184 4.425 3.166 2.265 1.862 1332 .953 .682
82 10744 7.687 6.320 4.522 3.235 2315 1.903 1.362 .974 .697

84 10,975 7.852 6.456 4.619 3.305 2.365 1.944 1.391  .995 12
86 11205 8.017 6.591 4.716 3.374 2414 1.985 1.420 1.016  .727
88 11.436¢ 8.182 6.727 4.813 3.444 2464 2.026 1.449 1.037 .742
90 11657 8.348 6.863 4.910 3.513 2.514 2.067 1.479 1058  .757

7/24/89  Noic older versions dre superseded
12:08 PM Prepured by Jim Goodridge 916 345 3106
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Appendix 2.3 SCS Curve Number Tables

The figures and tabies m this appendix are copies of figures and tables
published in TR-35. they are included here for convenience.

According to 7R-55:

e Fig 2-2 s provided to aid in selecting the appropriate figure or
table for determiming curve numbers.

e CN's in table 2-2(a to d) represent average antecedent runoff
condition [ARC] for urban, cultivated agricultural, other
agricultural, and arid and semiarid rangeland uses.

e The CN's in table 2-2 are for the average ARC, which is used
primarily for design applications.

Note also that the CN for urban and residential districts in TR-55 table
2-2a are based on assumptions regarding the directly-connected
impervious area in those districts. These are explained in detail in the
footnote to that table. If the catchment of interest does not conform to
the conditions stated. it is the responsibility of the engineer to compute
appropriate CN and to demonstrate the method of computation.

(Y
IS
£o
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Urban Hydrology for Small Watersheds, US Department of Agriculture,
Soil Conservation Service - Technical Release 55

C=

Unconnecte
impervious
area?

No .
Impervious
‘F area
< 30%?
Determine Determine
Table 2-2 No pervious pervious
assumptions CN N
apply?
(table 2-2) (table 2-2)
& Yes ‘ ‘
Determ%ne Determine Determine
composite composite composite
CN CN CN
(table 2-2) (figure 2-3) (figure 2-4)

(= )

Figure 2-2.—Flow chart for selecting the appropriate figure or table for determining runoff curve numbers.
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Urban Hydrology for Small Watersheds, US Department of Agriculture,
Soil Conservation Service - Technical Release 55

Table 2-2a.—Runoff curve numbers for urban areas!

Curve numbers for
Cover description hydrologic soil group—

Average percent
Cover type and hydrologic condition impervious area? A B C D

Fully developed urnan areas (vegetation established)

Open space (lawrs. parks, golf courses. cemetenes,

ete. P
Poor conciunn (grass cover < 50%) ... ... o 68 79 86 84
Fair conditicn (grass cover 30% to 75%)........... 49 69 79 &,
Good cenditior {grass cover > 75%) .......... . ... 39 61 74 8t

Impervious arezs:
Paved parking i3ts, roofs. driveways, etc.
(excluding mght-of-way). . ... ... 98 98 98 H
Streets anc roads:
Paved: curb: ard storm sewers (excluding

right->f wey o : 98 98 98 9
Paved: open ditches (including right-of-way) ... ... 83 89 92 G
Gravel 1rclud.ng rightof-way) ................... 76 85 89 9
Dirt tincluding right-of-way) ................ S 72 82 87 &

Western desert usban areas:
Natural desert :andscaping (pervious areas onlyr... 63 77 85 8

Artificial desert fandscaping (impervious weed
barrer. ceser: shrub with 1- to 2-inch sand

or grave!l much and basin borders). ........ X 96 96 96 9%
Urban distriits
Commercia: anc Husiness. ..................... . 85 89 92 94 97
Industrial. .. .l 72 81 38 91 95
Residential cistriots by average lot size:
1/8 acre or less (town houses) .. ............. ... .... 65 7 85 90 9
T4 acre ... e 38 61 75 83 &
U3 acre .. . 30 57 72 81 ol
L2 acre ... e 25 54 70 80 &5
lacre ...... U Y 20 3 68 79 24
2 acres ..... e e et 12 46 65 77 &2

Developting irban areas

Newly graded .ira2as (pervious areas only,
no vegetation®™ ... ... .L..iL.ii.iiieeiiaaa... Cea
Idle iands (('N's are determined using cover types
similar to thcse in table 2-2c).

-1

86 91 44

|

tAverage runoff ~oadition, and I, = 0.2S,

2The average percen: impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious rvas
are directly connected to the drainage system. impervious areas have a CN of 98, and pervious areas are considered equivalent to oper
space in good hy irlogie condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 24.

3ICN's shown are ejuivalent to those of pasture. Composite CN's may be computed for other combinations of open space cover type.
4Composite CN's for natural desert landscaping should be computed using figures 2-3 or 24 based on the impervious area percentage (N
= 98 and the pervicus area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition.
SCompeosite CN': t» use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 14,
based on tne legree of develupment (impervious area percentage) and the CN’s for the newly graded pervious areas.
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Urban Hydrology for Small Watersheds, US Department of Agriculture,
Soil Conservation Service - Technical Release 55

Table 2-2b.—Runoff curve numbers for cultivated agricultural lands?

Curve numbers for

Cover deseription hydroiogic soil group—
Hydrologic

Cover type Treatment? condition® A B C D
Fallow Bare soil - e 86 91 94
Crop residue cover (CR) Poor 76 85 90 93
Good 4 83 88 90
Row crops Straight row (SR) Poor 7 81 88 91
Good 67 78 85 89
SR + CR Poor 71 80 87 90
Good 64 75 &2 85
Contoured (C) Poor 70 79 84 88
Good 65 75 82 86
C +CR Poor 69 78 83 &7
Good 64 74 81 85
Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 B! 78 81
C&T + CR Poor 65 73 79 81
Good 61 70 77 80
Small grain SR Poor 65 76 84 88
Good 63 75 83 87
SR + CR Poor 64 75 83 86
Good 60 72 80 84
C Poor 63 74 82 85
Good 61 73 81 84
C +CR Poor 62 73 81 34
Good 60 72 80 83
C&T Poor 61 72 79 82
Good 59 70 78 81
C&T + CR Poor 60 71 78 81
Good 58 69 77 80
Close-seeded SR Poor 66 i 85 89
or broadcast Good 58 72 81 85
leguxpes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83
Good 51 67 76 80

1Average runoff condition, and I, = 0.2S.
2Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
3Hydrologic condition is based on combination of factors that affect infiltration and runoff, including (a) density and canopy of vegetative
areas, (b) amount of vear-round cover, (c) amount of grass or close-seeded legumes in rotations, (d) percent of residue cover on the land sur-
face (good > 20%), and (e) degree of surface roughness.

Poor: Factors impair inflitration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Urban Hydrology for Small Watersheds, US Department of Agriculture,
Soil Conservation Service - Technical Release 55

Table 2-2¢.—Runoff curve numbers for other agricultural lands*

Curve numbers for
Cover description hydrologic soil group—

Hydrologic
{over type condition A B C D

Pasture, grass.and. or range—continuous Poor 68 79 86 ~Q
forage for grazirg: * Fair 49 69 79 44
Good 39 61 74 =0

Meadow—cont:nuaus grass, protected from — 30 58 71 8
grazing and zenerally mowed for hay.

Brush—brusa- ve :d-prass mixture with brush Poor 48 67 7 53
the major elomearc? Fair 35 56 70 i
Good 430 48 65 73
Woods—grass combtination (orchard Poor 27 3 82 36
i 65 76 82

Good 32 58 2 7
Woods.® Poor 45 66 o 33
Fair 36 60 73 79
Good 430 55 70 77
Farmsteads-—hui d:ngs, lanes, driveways, -~ 58 74 82 36

and surrounding lots.

tAverage runofi ccncition, and I, = 0.2S.

2Pooiz <307 ground cover or heavily grazed with no muich.
Fauw: 30 to 25% ground cover and not heavily grazed.
Good: > 713% grouna cover and lightly or only occasionally grazed.

3Poor: < 50% grouae cover.
Farr: 3w 73% ground cover.
Good: = 73% grouad cover.

‘Actual curve 1umner is less than 30: use CN = 30 for runoff computations.

3CN"s shouwn were camputed for areas with 30% woods and 50% grass (pasture) cover. Other combinations of conditions may be conmput :d
from the CN s for wouds and pasture.

6 Puor: Forest litter . small trees, and brush are destroyed by heavy grazing or reguiar burning.
Fair: Woods are grazed but not burned, and some {orest litter covers the soil.
Guod: Wouods are protected from grazing, and litter and brush adequately cover the soil.

o
|

$a

(o)
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Urban Hydrology for Small Watersheds, US Department of Agriculture,
Soil Conservation Service - Technical Release 55 .

Table 2-2d.—Runoff curve numbers for arid and semiarid rangelands?

Curve numbers for

Cover description : hydrologic soil group—
Hydrologic

Cover type condition? A3 B C D
Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85
Oak-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48
Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80
Good 41 61 71
Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70
Good 35 47 55
Desert shrub—major plants include saltbush, Poor 63 7 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 T2 81 86
palo verde, mesquite, and cactus. Good 49 68 79 84

1Average runoff condition, and I, = 0.2S. For range in humid regions, use table 2-2c.
2Pvor: <30% ground cover (litter. grass, and brush overstory).

Fair: 30 to 70% ground cover.

Good: >70% ground cover.

3Curve numbers for group A have been developed only for desert shrub.
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I Urban Hydrology for Small Watersheds. US Department of Agriculture,
Soil Conservation Service - Technical Release 33
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Appendix 2.4 USGS Regional Frequency Estimates

The USGS regional regression equations for rural catchments in the

Sierra region are shown in Table A2.4.1 (Waananen and Crippen, 1977).

In this table, 4 = drainage area, in sq mi, determined with the best
available topographic map; P = mean annual precipitation, in in.; H =
altitude index, in thousands ft., computed as the average of altitudes at
points along the main channel of the stream 10 and 85% of the distance
from the point of interest to the catchment boundary.

Table A2.4.1 USGS Regional Flood-frequency Equations
(Source: USGS, 1977, 1983)

Return period, Rural peak, in cfs Urban peak, in cfs
in vears
(1) (2 (3)
2 0.244%8 13612 13.24*'(13-BDF)"RQ, "
10 2.634%pH P58 9.514"%(13-BDF)*RQ,,”
100 15747 P2 7.704"(13-BDF)**RQ, 05"

Col. 3 of the table shows estimates of the 2-yr, 10-yr, and 100-yr peaks
for urban catchments (USGS, 1983). In this col., BDF = basin
development factor; RQ,, RQ,,, and RQ,,, = 2-yr, 10-yr, and 100-yr
rural peaks. respectively. The BDF is determined by dividing the
catchment into thirds, based on consideration of travel time. Then for
each third, the factor is increased by one for each of the following:

« If at least 50% of the main drainage channels and main tributaries
are improved;

* If more than 50% of the length of the main channel and tributaries
are lined;

+ If 50% or more of the secondary tributaries consist of storm drains
or sewers;

» If more than 50% of the subdivided area is urbanized with more
than 50% of the streets and highways constructed with curbs and

gutters.

Full development yields BDF = 12.
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Appendix 2.5 HEC-1 Input Example

For illustration, an HEC-1 input file with records necessary to compute
the runoff due to a 24-hr design storm with the hydrograph procedure
endorsed by El Dorado County is shown in Fig. A2.5.1. This example is
for a 5 sq mi catchment at Rescue, CA. The time of concentration is
one hr, and the CN is 70.

ID Example: Hypothetical 5 sq mi catchment at Rescue. CA, w/ MAP=30"
IT 10 300

KKRescue

BA 5

* Depth of 100-yr 24-hr rainfall

PB 5.82

’IfNPC rggords for SCS 24-hr storm, type IA, from TR-20

PC 0 .01 022 .036 .051 .067 .083 .099 116 135

PC .156  .179 .204  .233 .268 .31 .425 .48 .52
PC .577 .601 .623 .644 .664 .683 .70l 719 .736 753

PC .769 .785 8 .815 .83 .844 858 871 .884 .89
PC .908 .92 .932 .944 .956 .967 .978  .989 1
.60

LS 70

z

Fig. A2.5.1 HEC-1 Input Example

This input is included to illustrate the method in which the design-storm
rainfall data are specified and to bring the following critical points to
the attention of any engineers using this program for stormwater
analysis in El Dorado County:

IT record: The time step for computation is specified in the first
field on this record. This value must be sufficiently small to permit
adequate definition of the rising limb of the UH. The time of rise is
a function of the catchment lag. Consequently, the appropriate time
step is related to the catchment lag. Following the recommendation
of HEC, the computation time step should be less than 29% of the
lag. In this example, that is 29% of 60% of 1 hr, so 10 min. is
selected. The number of runoff hydrograph ordinates to be computed
is specified also on the IT record. The value here must be sufficient
to permit simulation of runoff from the entire rain storm. For
example, with a 24-hr storm and a 10-min interval, at least 144
ordinates are required just to simulate the duration of the rainfall;
additional ordinates are required to simulate runoff after the rain
ends. In this example, 300 ordinates are specified; this is the
maximum permitted with the "standard" version of the program.

2-50
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Because of this limitation, if runoff from a 24-hr storm is to be
simulated with a short time interval, the engineer must obtain and
use an extended memory version of the program.

PB record: The design storm depth, in in., is specified on this
record. This is the catchment-average depth, with appropriate
adjustments.

PC records: These records provide the temporal distribution pattern
for the design storm. In this case, the 24-hr SCS storm is specified.
The time interval between successive values is specified on the IN
record.

LS record: The composite CN is specified in the second field of this
record. In this example, it is 70 and is specified in the second field.
The program user may, in the first field, specify the initial
abstraction, .. If the field is left blank, the program assigns /,=
0.2S, which is appropriate, according to D.E. Woodward of the U.S.
Department of Agriculture in a presentation at ASCE Water Forum
’92. Woodward indicated that the CN tables in 7R-55 are based on
this key assumption. Further, he indicated that if the assumption is
not valid, the tables should not be used; instead specific CN tables
should be developed with the alternative relationship. Insufficient
data exist to do so in El Dorado County, so I, is assumed equal
0.25. The third field of this record is available to specify the
percentage of rainfall that runs off without infiltration, interception,
etc. However, if the CN tables from TR-55 are used, the directly-
connected impervious area is accounted for already in the CN
estimates.

UD record: The catchment lag, in hr, is specified on this record.
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Section

3

Surface Drainage Design

This section discusses the analysis procedures and design criteria for
surface drainage improvements in El Dorado County.

Contents of this section

3.1 Background . . ... 3-1
3.2 Analysis Procedures . . .. ... ... ... L 3-2
3.2.1 Sub-Area Runoff . . ... ... ... . ... ... ... ... .... 3-2
3.2.2 Street Flow Hvdraulics ... ... ... .. ... ... .. .. .. 3-3
323 Inlet Analysis . ... . P
3.2.4 Inlet for Sump Conditions . ... .................. 3-6
325 Analysis SIePS . .. 3-7
3.2.6 100-Year Peak Flow Analysis ... .. ... ... ... .. .. 3-9
33 Design Criteria . . ...ttt 3-¢
3.3.1 Overland Flow Criteria . .. . ...... ... ... .. .. ..... 3-10
3.3.2 Recommended Minimum Surface Grades . . ... .. .. .. 3-10
333 Fencing . ... ceo 311
3.3.4 Back Of Lot Swales and Other Ditches . .. ... ... . ... 3-11
335 Flowon Streets .. . ... ... 3-11
Appendix 3.1 References . . . ... ... ... ... .. ... 3-13

3.1 Background

The purpose of this section is to address the analysis of runoff that
drains onto or across improved surfaces. Such surfaces include streets,
residential and commercial lots, natural hill slopes, and graded cut or fill
slopes. Runoff from a residential lot, for example, might be conveyed

3-1
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to the street, and then into storm drains via curb inlets. The storm drain
would then convey the water into a natural or improved channel.

This section describes the runoff conveyance process starting with the
peak flow computed using the procedures in Section 2.4 or 2.5 and
ending with the water reaching an appropriately sized storm drain inlet.
Section 4 describes the design of closed conduits into which feed the
storm drain inlets. Section 6 describes the design of open channels
which, in general, receive water from one or more storm drain pipes.

3.2 Analysis Procedures

The types of surface flow covered by this section include: 1) runoff
from improved surfaces, 2) runoff from contributory unimproved
surfaces, 3) street flow, and 4) storm drain inlet flow. The analysis
procedures described here provide a framework for the designer to
incorporate adequate surface drainage into a proposed development.

The objective is to safely convey surface runoff to the planned drainage
facilities. Once the required analysis has been done, the designer’s
work is not complete until the following issues are adequately accounted
for in the overall design.

1. The potential for erosion and gully formation are minimized.
2. Excessive sheet flow velocities or depths are avoided.
3. Areas with sluggish drainage or excessive ponding are eliminated.

4. For building pads, the preferred locations for roof drainage gutters
should be indicated on the grading or drainage plans.

3.2.1 Sub-Area Runoff

Each storm drain inlet has a contributing drainage area. Hydrologic
calculations are often performed on catchment areas that are larger than
individual storm drain inlet sub-areas. If this is the case, the design
peak flow for a given storm drain inlet can be determined from the
following equation:
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in which Q, = the peak discharge for a given inlet; Q, = the peak
discharge for the total catchment area computed using the methods in
Sections 2.4 or 2.5: A, = the drainage area contributing to a given
inlet; and A, = the total catchment area upon which Q, 1s based.

3.2.2 Street Flow Hydraulics

The discharge in a simple or compound street sections can be
determined from Charts 3 and 4 of Drainage of Highway Pavements,
(Federal Highway Administration, 1984). Relationships for the
discharge capacity of typical El Dorado County street half sections can
be developed from these charts. These equations are only for use with
streets that the have a 2% cross slope from crown to curb and an
effective Manning's n value of 0.015. Flow depths are constrained
such that there is no overtopping of the curb, and inundation extends no
more than 16 feet into the street.

For streets with a Type 1 rolled curb and gutter with a maximum flow
depth of 0.3 feet:

For streets with a Type 2 vertical curb and gutter with a maximum
depth of 0.4 feet:

For streets with A.C. barrier curbs with a maximum depth of 0.3 feet:

in which Q is the street capacity is cfs, and S is the slope of the street
in ft/ft.

|98
1
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3.2.3 Inlet Analysis

Inlets are used to convey surface runoff to closed conduit systems.
Inlets are often constructed with a slight local depression in order to
capture runoff efficiently. Inlets placed on a continuous grade are
usually designed to allow some bypass runoff. Curb and gutter inlets
are relatively inefficient. If the likelihood of blockage exists,
additional curb inlets should be installed. Volume V of the El Dorado
County Design and Improvement Standards Manual, contains details of
2 types of commonly used curb inlets and 1 type of commonly used
area drain inlet.

The first curb inlet is the Caltrans Type B Drop Inlet. This inlet allows
water to drop down directly into the catch basin. A metal grate is
placed over the opening. In cases of where certain safety issues are
present, the type of grate used may need to be modified. For example,
The Federal Highway Administration (1978) describes a bicycle safe
grate.

The capacity of a standard 3' wide Type B Drop Inlet is shown in
Table 3.2.1. Two capacities are shown. The first is for the case when
the entire design runoff must enter the inlet. For example, if the street
grade is 4%, and all of the runoff must enter the grate, a Type B Drop
Inlet must be placed when the design runoff is expected to reach 1.6
cfs. The second list of capacities is for the case when some bypass
flow is allowed. These data assume a 20% bypass flow. So, for
example, assuming the same 4% street grade, 3.7 cfs will enter the inlet
if bypass is allowed. In this example, a Type B Inlet must be placed
when the total design flow is 4.6 cfs thus allowing 3.7 cfs to enter the
inlet and 0.9 cfs to continue to the next inlet.

34
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Table 3.2.1 Capacity for Standard Type B Drop Inlet (3* Wide)

Inlet Capacity for
80% of flow
Inlet Capacity for Entering Inlet and 20%
100% of flow of flow
Slope of Road Entering Inlet Bypassing Inlet
(%) (cfs) (cfs)
0.5 1.0 1.4
1.0 i.1 2.0
1.5 1.2 2.5
2.0 1.3 3.0
2.5 1.4 3.2
3.0 1.5 34
4.0 1.6 3.7
5.0 1.7 3.9
6.0 1.7 4.1
7.0 1.8 4.2
8.0 1.8 4.3
9.0 1.9 4.3
10.0 1.9 4.2
i1.0 1.9 4.2
12.0 2.0 4.1
13.0 2.0 4.1
14.0 2.0 4.0
15.0 2.0 4.0

The second curb inlet 1s the Pelican Gallery Inlet. This inlet allows
water to enter through an opening in the curb.

The capacity of a standard 11' wide Pelican Gallery Inlet is shown in
Table 3.2.2. Two capacities are shown (Psomas and Associates, 1991).
The first i1s for the case when the entire design runoff must enter the
inlet. For exampie, if the street grade is 4%, and all of the runoff must
enter the grate, a Pelican Gallery Inlet must be placed when the design
runoff is expected to reach 4.6 cfs. The second list of capacities is for
the case when some bypass flow is allowed. These data assume a 20%
bypass flow. So, for example, assuming the same 4% street grade, 8.8
cfs will enter the inlet if bypass is allowed. In this example, a Pelican
Inlet must be placed when the total design flow is 11.0 cfs thus
allowing 8.8 cfs to enter the inlet and 2.2 cfs to continue to the next
inlet.

(93]
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Table 3.2.2 Capacity for Pelican Gallery Inlet (11’ Wide)

Inlet Capacity for

80% of flow
Inlet Capacity for Entering Inlet and 20% of
100% of flow flow
Slope of Road Entering Inlet Bypassing Inlet

(%) (cfs) (cfs)
0.5 5.8 7.5
1.0 5.8 8.0
1.5 5.8 8.5
2.0 5.8 8.9
2.5 5.7 9.2
3.0 55 9.2
4.0 4.6 8.8
5.0 35 8.0
6.0 2.2 7.2
7.0 1.5 6.3
8.0 1.1 5.2
9.0 1.0 3.9
10.0 0.8 3.2
11.0 0.7 3.0
12.0 0.7 2.8
13.0 0.7 2.8
14.0 0.7 2.8
15.0 0.7 2.8

The third inlet is the Grated Inlet. The purpose of this inlet is to drain
areas such as fields and lots. No overflow is usually allowed.

3.2.4 Inlet for Sump Conditions

For sump conditions, the inlet capacity for the Type B Drop Inlet is
given by Psomas and Associates (1991). Often more than one inlet is
placed side by side in a sump if additional capacity is required. The
capacity of a Type B Drop Inlet under sump conditions is shown in

Table 3.2.3.
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Table 3.2.3 Capacity for Type B Inlet under Sump Conditions

Number of 3" iong Type B Inlet Capacity
Inlet Segments (cfs)

13
26
39
52
65

da Lpd s s

A

3.2.5 Analysis Steps

This section provides a suggested procedure for determining the size
and number of inlets for street drainage. The design is based on the
10-year peak flow. The design should also be evaluated for the 100-
vear peak flow to insure that if the pipe flow system malfunctions, or
its capacity 1s exceeded, flow depths will still be at least 1 foot below
the finish floor elevation of adjacent structures.

1. For a given sub-basin, layout the streets. Determine the
general drainage layout. Determine the approximate location of
storm drain inlets, sump locations, and street drainage patterns.
This step requires some judgement and experience in order to do
it correctly on the first attempt.

2. Determine the sub-basin area A,, the 10-year peak runoff Q,,
and the 100-vear peak runoff using the methods described in
Sections 2.4 or 2.5.

3. Since one sub-basin may contain several inlets, the drainage
area A, and peak flow Q, for each inlet must be determined.
This is done by using Equation 3.2.1. If a single sub-basin has
10 or more inlets, consideration should be given to breaking it
up into smaller sub-basins. Start with the first inlet.

4. Determine the slope of the street that drains to the inlet.

5. Using equation 3.2.2, 3.2.3, or 3.2.4, check the half street
capacity using the slope from Step 3.
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6. The street capacity should be greater than the total 10-year
peak just upstream of the inlet being evaluated. If the 10-year
flow exceeds the half street capacity, the inlet needs to be moved
upstream.

7. Determine the inlet capacity using Table 3.2.1 for a Standard
Type B Drop Inlet, Table 3.2.2 for a Pelican Gallery Inlet, or
Table 3.2.3 for a Type B inlet under sump conditions. Use the
appropriate column in the table depending on whether the design
is based on 100% interception or 8§0% interception.

8. If the design 1s based on 100% interception, verify that the
total flow upstream from the inlet is less than or equal to the
inlet capacity determined in Step 6. Once the flow enters the
inlet, it is considered pipe flow Q,. If the design is based on
80% interception, verify that 0.80 times the total flow upstream
from the inlet does not exceed the capacity determined in Step 6.
Determine the amount of bypass flow Q, by subtracting the inlet
capacity from the total flow upstream of the inlet.

9. Add the pipe inflow Q, from Step 7 to the total pipe flow
coming in from upstream. Verify that the total flow does not
exceed the capacity of the main line drainage pipe under gravity
flow conditions.

10. Add the bypass flow Q, to the contributing runoff for the
next downstream inlet, Q;. This is the total flow used to

evaluate the next inlet and street capacity. At this point, go back
to Step 3 and repeat the process. Continue the process until all
the inlet areas A; have been analyzed.

11. When a sump condition is reached, verify that the capacity
of the sump is greater than or equal to the total 100-year runoff
as described in Section 3.3.5.

The calculations above lend themselves to a tabular format with 10
columns (one for each step). Specific conditions of the calculations may
require various formats for the computation table. Furthermore,
additional computations not described above may be required.
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3.2.6 100-Year Peak Flow Analysis

Streets and their associated underground drainage pipes must convey the
100-year runoff such that the water surface elevation is at least 1 foot
below the finish floor of adjacent structures. Although it is possible to
determine the 100-year flow behavior in a tabular manner as described
in Section 3.2.5, difficulties often arise since larger events usually result
in flows going completely across the roadway.

El Dorado County therefore recommends that standard step backwater
computations (See Section 6) or the equivalent be performed on
proposed streets 1n order to determine the 100-year water surface
elevation.

The cross section should inciude the entire street, curb, sidewalk. and
adjacent areas that will always have free conveyance of tlows. The
cross section shapes are shown in Volume V of the El Dorado County
Design and Improvement Standards Manual. For streets with storm
drain systems, the proper discharge to use for a given street section 1s:

QlOO,Street:QIOO B QLOJ’ipe (3.2.5)

L)

in which Q40 sweer = he 100-vear flow to use for street conveyance
evaluation: Q,,, = The total 100-year peak flow for the drainage area
contributing to that street cross section: Q, ., = The total pipe flow at
that street cross section from the 10-year analysis in Section 3.2.5.

As part of this anatysis, the engineer should consider the overall safety
of adjacent developments. This process includes understanding what
happens for events jarger than the 100-vear. and also what happens if
critical drainage devices become blocked with debris. Drainage
overflow points or secondary outlets that anticipate such occurrences
should be designed into the overall drainage system.

3.3 Design Criteria

This section describes the criteria that should be used when designing
surface drainage syvstems in El Dorado County. The objective is to
provide safe, reliable drainage for improved areas. The analysis
procedures described in Section 3.2 should serve as guidance for
correctly interpreting and implementing the design criteria. It 1s the
responsibility of the engineer to combine general drainage principles
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and practices with the procedures described in Section 3 in order to
develop a functional drainage plan that is acceptable to El Dorado
County.

3.3.7 Overland Flow Criteria

Design of improvements should retain the general pattern of surface
flow prior to development. The peak water surface from the 100 year
peak flow should be at least one foot below the finish floor of all
adjacent structures. On site ponding should not occur unless it is part
of a detention basin.

3.3.2 Recommended Minimum Surface Grades

The purpose of minimum gradients is to preserve the design drainage
characteristics over the long term accounting for settlement, sediment
deposits, seismic movement, etc. The minimum slopes for surface
drainage design are shown in Table 3.4.1.

Table 3.4.1 Recommended Minimum Surface Drainage Slopes

Description of Surface Minimum Slope
Grass and Landscape Cross Slope 2%
Grass, Earth or Rock 2%

Drainage Swales

AC Pavement Cross Slope 2%
or Concrete Swale

Concrete Surface or 1%
Standard Curb and Gutter

In some cases, street and curb grades may be allowed to be as low as
0.5% if approved by El Dorado County. This is to be used only for
short stretches in non-critical areas. For areas where the extensive use
of drainage slopes less than 1% are proposed, El Dorado County may
request that the drainage system be redesigned to accommodate steeper
grades.
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3.3.3 Fencing

Fencing or any other surface improvements should be designed so that
it does not obstruct flow on critical slopes. drainage swales, lot side
drainage, etc.

3.3.4 Back Of Lot Swales and Other Ditches

When more than one lot contributes to a swale or ditch before
discharging into a public facility, adequate design analysis must be
provided to show that it will convey the 100-vear peak flow at a water
surface elevation at least one foot lower than the finish floor elevation
of adjacent structures. It should also be constructed following the
criteria in Section 6.

3.3.5 Flow on Streets

Commercial and Industrial Roadways and Class 1 Subdivision
Roadways shall maintain flows at or below the top of curb and shall not
extend out 1nto the roadway a distance equal to 2/3 of the half-width
when conveying the !0-vear peak flow. The maximum distance
between street drainage inlets is 500 feet.

In addition, driveways must be designed such that flow depths equal to
the curb height do not result in significant ponding on sidewalks. In the
case of downslope driveways, flow depths equal to the curb height
should not overtop the driveway crest. Provisions for overtopping
during larger events must be made.

Roadways constructed with AC dikes or barrier curbs shall meet the
requirements of a maximum flow width of 2/3 the street half-width for
the 10 year design storm runoff.

The 100 year peak flow water surface elevation should be at least 1 foot
lower than the fimish floor of adjacent structures. The effects of the

100 year storm runoff should be analyzed throughout the entire

drainage system. Where practical, the velocity-depth product should be
less than or equal to 6 ft*/sec.
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Sump inlets should be designed to convey the 100-year excess runoff.
Additional consideration should be given to the design of overflow
points or secondary outlets should the sump inlet malfunction.
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Section

4 Hydraulic Design of Closed Conduits

This section discusses the principles to be used for the design and
analysis of closed conduit drainage systems in El Dorado County. This
type of system is generally used for higher density developments or
when it is desired to maximize useable land area.

Contents of this section
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4.2 Analvsis Procedures . . . ... ... . 4-3
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Appendix 4.1 References . . ... .. ... ... ... ..., ..... 4-14
Appendix 4.2 Hydraulic Properties for Circular Conduits . . . . . . 4-15
Appendix 4.3 Evaluation of Minor Losses in Pipes . . ... .. .. 4-19

4.1 Background

Once the appropriate level of protection is defined, the design discharge
is computed according to the procedures in Section 2, and the inlet
capacities are determined according to the procedures in Chapter 3, a
closed conduit drainage system of appropriate size and configuration
can be designed. The closed conduit drainage system is designed to
convey all runoff from the 10-year event. In conjunction with street
flow, it will also protect adjacent areas from events that do not exceed
the 100-year event. In the design of closed conduit systems, the
engineer should evaluate the consequences of events larger than the
specified design events. Estimating the damage caused by a 500-year
flood event with the proposed improvements in place, and then
verifying that the damage would not be worse than the no-improvement
condition is an example of such an evaluation.

Extensive information is available on both the theoretical and practical
design of closed conduit drainage systems. Simplifying assumptions are
often made in the analysis of such systems. Also standardized design
and construction methods are often employed. El Dorado County
expects that the engineer will have substantial familiarity with the
analysis and design of closed conduit drainage systems. Furthermore,
the engineer should be aware of how simplified analyses, conservative
assumptions, and standard construction practice affects the overall
performance of the drainage system for events between the 10-year and
100-year recurrence interval. An example of this would be the
following: All the inlets at the upstream end of a development are
intentionally oversized to account for potential debris blockage. The
closed conduit system is designed to convey the 10-year event. The
engineer then analyzes what would happen if the closed conduit system
receives inflow greater than the 10-year event and converts to a
pressure flow situation.

In general El Dorado County expects the engineer to assess the overall
performance of the drainage system. The purpose of this chapter is to
cover the primary design issues, analysis procedures, and design criteria
for closed conduit drainage systems. In many cases, the engineer will
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have to refer to the referenced source materials to adequately
investigate the details of a particular design. EI Dorado County has
adopted closed conduit design criteria that is substantially based on the
following standard reference: Design and Construction of Urban
Stormwater Management Systems, ASCE Manual of Engineering
Practice No. 77, WEF Manual of Practice FD-20, Chapters 6 and 8.

4.2 Analysis Procedures

This section discusses analysis procedures appropriate for the hydraulic
design of closed conduit drainage systems. The types of computations
discussed in this section do not require the use of computer programs.
Computer programs, especially spreadsheet approaches, may increase
speed, accuracy, and clarity of computations.

4.2.1 Classification of Closed Conduit Flow

For the design of ciosed conduit systems. steady flow at the peak
discharge is typically assumed. If the conduit is long, has constant
diameter. and has no backwater effects from downstream controls, the
flow can be considered uniform and analyzed as such.

For steady, uniform conditions, water will flow at its normal depth.
Normal depth occurs when the work done by gravity to move water is
in equilibrium with the energy loss due to channel boundary roughness.
Manning's equation computes the normal depth of flow for a given
discharge.

For steep slopes, normal depth is usually in the supercritical regime.
This is when inertial forces are greater than gravitational forces. For
flatter slopes, velocities are slower and gravitational forces dominate,
thus normal depth is usually in the subcritical regime. Closed conduit
systems should be designed to maintain flow depths entirely in either
the subcritical or supercritical range. This will avoid the occurrence of
internal hydraulic jumps.

.E;
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4.2.2 Manning's Equation

As discussed above, Manning's equation gives the normal depth for a
given discharge assuming steady, uniform flow conditions:

QzL‘ﬁARmsfm 4.2.1)

n

in which, Q = discharge in ft*/sec; n = Manning's roughness
coefficient; A = cross sectional area of flow in ft’; R is the hydraulic
radius (area divided by wetted perimeter) in ft; S; is the slope of the
energy grade line in ft/ft.

For a circular pipe flowing full, Manning's equation can be rewritten
as:

_0.463D SﬂSfm‘

n

4.2.2)

in which, D = pipe diameter in ft. This form of the equation is useful
for determining the design pipe size.

Analysis circular pipes flowing partially full can be accomplished by
rearranging Equation 4.2.2 as shown:

On =Constant “4.2.3)
AR

The value of the constant in Equation 4.2.3 is 0.463 when the pipe is

flowing full. When the pipe is flowing partially full, the flow depth y
is less than the pipe diameter D. Appendix 4.2 gives the value of this
constant for the entire range of y/D. '

4.2.3 Selection of Manning’'s n Value

Pipe manufacturers often provide information on acceptable design
values for Manning's n. These shall be used when they agree with
generally accepted values. An example where a manufacturer's n value
should not be used is corrugated metal pipe that is intended to create
helicoidal flow. The manufacturer's n-value is typically based on a
condition with no sediment or debris present in the system. If sediment
deposits are present, the helicoidal flow pattern is disrupted and the
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flow behaves similar to traditional corrugated pipe. Table 4.2.1 gives
recommended ranges of Manning's n value for pipe materials that are
commonly used in El Dorado County.

Table 4.2.1 Typical Manning's n Values for Closed Conduits
{Source: WEF/ASCE, 1992)

Description Manning's n
Reinforced Concrete Pipe 0.013
Corrugated Metal Pipe 0.024
(1/2" by 2-1/2" Corrugations)
Smooth Plastic Pipe 0.013
Formed Concrete (Smooth) 0.013
Formed Concrete (Rough) 0.016

4.2.4 Uniform Flow in Circular Pipes

For uniform flow. the energy grade line is parallel to the invert profile,
thus S; = S,, the slope of the pipe. Manning's equation can therefore
be used to compute the normal flow depth, given the pipe diameter, the
bed slope, and the n value. The computation of normal depth using a
given discharge for a pipe is usually done by graphical means or with
dimensionless tables. Appendix 4.2 lists the dimensionless hydraulic
quantities for a circular pipe flowing partially full.

As an example, determine the flow depth and velocity for a 60"
diameter concrete pipe carrying 300 cfs at a slope of 2.5%: From
Table 4.2.1, the Manning's n value is 0.013. Uniform flow 1s assumed
therefore, S; = 0.025. Using Equation 4.2.3:

(300)(0.013)
(60/12)%70.0251>

=0.337

The value 0.337 is located under column 3 of the table in Appendix
4.2. This corresponds to a value of y/D = 0.633. Therefore the flow
depth y is equal to 3.17 feet.

+
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The average velocity of flow is determined by dividing the design
discharge by the cross sectional flow area. Column 2 of the
appropriate row in Appendix 4.2 gives a ratio A/D? equal to 0.534.
The flow area A is determined as follows:

A=(0.534)(60/12)2=13. 35f 2

The mean flow velocity is thus 300/13.35 = 22.47 ft/sec.

4.2.5 Critical Depth in Circular Pipes

For circular pipes, Brater and King (1976) indicate that:
K'-—& 4.2.4)

< " 512

in which K.’ is a constant shown in column 4 of the table in Appendix
4.2.

Consider the same example as in the previous section. Determine the
critical depth for a 60" diameter concrete pipe carrying 300 cfs: Using
equation 4.2.4:

_(300) s 347
(60/12)572

The value of 5.367 1s located under column 4 of the table in Appendix
4.2. This corresponds to a value of y/D = 0.933. Therefore the
critical flow depth for this situation is 4.67 feet.

4.2.6 Non-uniform Flow in Circular Pipes

Non-uniform flow occurs when either an upstream or a downstream
condition causes the flow depth at a given point to be different from
normal depth. These conditions can include: a change in pipe slope, a
change in roughness, a transition, a pipe junction, backwater from a
receiving stream, or an in-line structure such as a catch basin or man-
hole. For non-uniform flow conditions, the flow depth can be
computed from the known flow depth at an adjacent cross section using
the steady state, gradually varied flow equation:
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A YA
By 0% (4.2.5)

control section to the unknown section in ft.; L = the distance between
sections in ft.; S, = the bed slope in ft/fi.; S, = the slope of the energy
grade line in ft/ft.; F = the Froude number.

The purpose of non-uniform flow computations for pipes is to determine
the flow behavior between a control point and the establishment of
uniform flow. Prior to performing non-uniform flow calculations, it 1s
important to know the relative shape of the water surface profile. Under
most circumstances the gradually varied water surfaces fall under one of
the following classifications:

M-1 For this case. the pipe has a mild slope and the flow depth 1s
greater than normal depth. This category of flow often occurs when a
pipe enters a deep body of water such as a pond or a large channel.

M-2 For this case. the pipe has a mild slope and the flow depth 1s
between sub-critical normal depth and critical depth. This category of
flow often occurs upstream of an abrupt slope increase and the water
surface approaches critical depth as it nears the slope change.

S-2 For this case, the pipe has a steep siope and flow depth is
between critical depth and super-critical normal depth. This category
of flow often occurs downstream ot an abrupt increase in slope
causing the water surface to fall below critical depth into the super-
critical regime.

If the water surface 1s identified as S-2. the flow regime should remain
supercritical throughout the system to avoid hydraulic jumps at the
transition between steep and mild slopes.

Example

An example is presented here that demonstrates the use of gradually
varied flow calculations of circular ciosed conduits. Flow enters a street
inlet at a rate of 40 cfs. It then travels through a 36" pipe that is placed
on a slope of 0.02 fv/ft and has a Manning’s n value of 0.013. The pipe
extends 240 feet where it ends at a large manhole structure. Determine
the flow characteristics in the pipe.
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Solution

First the critical and normal depth for the pipe is computed as discussed
in Sections 4.2.4 and 4.2.5. For normal depth, the quantity Qn/D?*3S,!
= 0.1964. From Appendix 4.2, this corresponds to a value y/D =
0.454. Thus normal depth is 1.36 feet. For critical depth, the quantity
Q/D*? = 2.566. From Appendix 4.2, this corresponds to a value y/D
= 0.686. Thus critical depth is 2.06 feet.

Since normal depth is less than critical depth, it is clear that the water
surface profile can be classified as S-2. Therefore computations will
start at critical depth (2.06 feet) and proceed in the downstream
direction until the end of the pipe is reached. The computation steps
and results are explained in Table 4.2.2.

Note that downstream of station 0+ 60, the flow in the pipe is very
close to normal depth. When the computed flow depth is reasonably

close to normal depth, additional non-uniform flow computations are
not necessary. '
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Table 4.2.2 Example Calculation of Non-uniform Flow Computation in a Closed Conduit for S-2 Drawdown.
(Source: WEF/ASCE, 1992)

——T —_——_—-—_—_——1-—-—'—
Assumed Computed
Energy Energy
Water Grade Grade
Surf. Invert Line Aver- Head Line
L Q Qn Elev. Elev. y A v Elev. Qn. age Loss Elevation
Station () (cfs) o*? (0 () () y/D AD? (5] ta/s) Vii2g (0 D*g'? s, s, (t (e
{1 2) (3) (4) (8) (6) n (8) (9} (10) (LR}] (12) (13) (14) {16} (16) (17 (18) Comments
0+00 40 .0278 102.06 100.00 2.06 0.687 0.6760 6.184 7.72 0.925 102.98 0.378 0.0054 102.98 Street Inlet
0+10 10 40 .0278 101.54 99.80 1.74 0.580 0.4724 4.251 9.41 1.376 102.91 0.295 0.0089 0.0071 0.07 102.91
0+60 50 40 .0278 100.33 98.80 1.52 0.5607 0.3927 3.634 11.32 1.989 102.32 0.232 0.0143 0.0116 0.68 102.33
1+80 90 40 0278 98.38 97.00 1.38 0.460 0.3527 3.174 12.60 2.466 100.85 0.201 0.0191 0.0187 1.60 100.83
2+40 90 40 0278 96.67 95.20 1.37 0.457 0. 3490‘ 3.141 12.74 2.618 99.09 0.198 0.0197 0.0194 1.74 99.08 Manhole
Explanation:
Column 1: Station in feet.
Column 2: First line, leave blank. Remaining lines, enter distance from this station to the previous station.
Column 3: Discharge in cfs.
Column 4: Useful constant for calculations.
Column 5: First line, enter known control water surface elevation. Remaining lines enter assumed water surface elevation based on the profile
classification M-1, M-2, or S-1.
Column 6: Elevation of invert based on slope of pipe.
Column 7: Depth of flow = (5)-(6).
Column 8: Dimensionless flow depth = (7)/Pipe Diameter in feet.
Column 9: Dimensionless value from column 2 in the table in Appendix 4.2.
Column 10: Cross sectional area = (9) x (Pipe Diameter)?
Column 11: Mean flow velocity = (3) / (10)
Column 12: Velocity Head computed using (11)
Column 13: Assumed value of the energy grade line elevation = (5) + (12)
Column 14: Value from column 3 of Appendix 4.2 corresponding to y/D
Column 15: Local energy grade line slope = {(4)/(14)}?
Column 16: First line, no entry. Remaining lines, enter average value of S; for the reach.
Column 17: First line, no entry. Remaining lines, head loss = (2) x (16).
Column 18: First line, enter known energy grade line elevation. Remaining lines, enter the value of the energy grade line at the preceding station

minus the computed head loss (17). Column (18) should be in approximate agreement with column (13) before continuing with the
calculations. If it is not, adjust the assumed water surface elevation, column (5), and go through the procedure again.
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4.2.7 Pressure Flow Calculations

Pressure flow occurs when the normal flow depth exceeds the diameter
of the pipe. The governing equations for such conditions can be found
in any standard text on pipeline hydraulics. Closed conduit storm drain
trunk lines systems in El Dorado County are typically designed to
function under non-pressurized flow. Except for special cases, such as
detention basin outlet works, pressure flow analysis is not addressed in
this manual.

4.2.8 Evaluation of Minor Losses

The previous discussions addressed frictional energy loss due to pipe
roughness. Underground closed conduit systems have features such as
transitions, junctions, bends, entrances, exits, etc. which result in
localized energy losses that are usually represented by a steep slope or
sudden drop in the energy grade line. Such energy losses are termed
minor losses. They can, however, exceed frictional energy losses under
certain conditions.

Minor losses can be evaluated directly (See Appendix 4.3) or by using
an effective Manning's n value which incorporates losses due to both

friction and minor losses.

4.3 Closed Conduit Design Criteria

This section discusses specific design criteria that apply to various
elements of design. The goal of such criteria is to guide the engineer in
designing an adequate facility that will provide reliable flood protection
and meet the environmental objectives of El Dorado. After following
the analysis procedures and design criteria in this section, the engineer
should evaluate the overall soundness and function of the design. If
deviations from these criteria are necessary, they should be documented
and presented to El Dorado County in the design report.

4.3.1 Alignment

The alignment of closed conduit systems usually follows the street
patterns. Smaller radius curves create larger energy losses. For
vertical curves where the slope is decreasing, the primary concern is
the development of a hydraulic jump. The potential for this should be
addressed in the design.

4-10

20-1050 F 130 of 260




4.3.2 Hydraulic Grade Line

Closed conduit drainage systems are designed to function as circular
pipes flowing parually full at the 10-vear discharge. For this condition,
the hydraulic grade iine should be below the ceiling of the pipe. The
energy grade line should be at least 0.5 feet below all manhole lids and
grade inlets. Both the hydraulic grade line and the energy grade line
should be shown on the plans. If the closed conduit system could allow
the entry of flows that exceed the design discharge, the mmpact of this
should be considered on downstream inlets and manholes.

4.3.3 Easements
Closed conduits are typically placed within the street alignment. When

closed conduits cross private property, such as parking lots or
residential lots, a drainage easement 1S necessary.

4.3.4 Design Flow
The design flow for closed conduit systems is defined in Section 1.2.2.

Although reference 1s made to specific event frequencies in this section,
Section ! is the definitive statement of design flows.

4.3.5 Velocity Requirements

In general, design mean flow velocities in closed conduit svstems, will
range from 2 feet per second to 25 feet per second. When it is possible
for sediment or debris to enter the system, the velocity must be high
enough to prevent deposition within the pipe.

4.3.6 Pipe Size

The minimum main line pipe size is 18 inch diameter. For short
laterals and inlet connectors, the minimum diameter is 12 inches.
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4.3.7 Manholes

Spacing

The purpose of a manhole is to allow access to the entire closed conduit
system for maintenance and repair. Manholes should therefore be
located with this as the primary criterion. In general, on straight
reaches, spacing should be at intervals of 250 feet for conduits 30" or
smaller; at intervals of 400 feet for conduits from 33" through 45"; and
at intervals of 400 feet for conduits that are 48" or larger.

Location

In addition to the above criteria, manholes should be located where
significant reductions in grade occur, where there are numerous bends
or complex junctions, or where access to the system is critical. They
should be placed to minimize traffic interference.

Pressurized Manholes
When pressurized manholes are needed they shall be fitted with
specifically designed frames and covers.

4.3.8 Inlet Structures

Refer to Sections 3 and 7 for specific details regarding inlet structures.

4.3.9 Outlet Structures

The outlet of a closed conduit system should be designed to account for
any backwater effects of the receiving stream. Appropriate energy
dissipation and erosion control must also be provided (FHWA, 1983).

4.3.10 Fencing and Protection Barriers

Closed conduit systems should be planned to exclude public entry. This
is an important part of the overall design of the system. Both inlet and
outlet facilities may require protection barriers such as racks, fencing,
etc. in order to prevent the public from entering the system. Such
features must be designed with both safety and hydraulic efficiency in
mind.
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4.3.11 Debris Racks

Inlet structures that receive runoff from undeveloped areas may require
the use of a properly designed debris rack in order to prevent the entry
of boulders, tree branches and other debris into the closed conduit
system. Such racks must be designed to prevent blockage of the inlet.
The engineer should consider the potential effects of blockage

on the overall performance of the project. however.

4.3.12 Flap Gates

When the outlet of a close conduit system 1s below the design elevation
of the receiving waters, a flap gate may be required in order to prevent
backup of flow into the lateral system. Contact El Dorado County for
specific information regarding flap gates.

4.3.13 Placement and Construction
El Dorado County requires the closed conduit system to perform as
designed. Issues such as settlement, pipe joints, expansion, and seismic

motion should be accounted for in the design and the construction of the
system.

4.3. 14 Subdrainage

All structures must be designed and constructed to provide adequate
subdrainage.
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Appendix 4.2 Hydraulic Properties for Circular Conduits
(Source: WEF/ASCE, 1992)

Hydraulic Properties for Circular Conduits
Assuming a Constant Value of Manning's n
tor the Enure Range of Flow Depths.

A Qn_ Q.

y/D D2 DS/‘JsflIZ‘. DS‘:

(1) (2) (3) (4)
0.01 0.0013 0.00007 0.0006
0.02 0.0037 0.00031 0.0025
0.03 0.0069 0.00074 0.0055
0.04 0.0105 0.00138 0.0098
0.05 0.0147 0.00222 0.0153
0.06 .0192 0.0032 0.0220
0.07 0.0242 0.00455 0.0298§
0.08 0.0294 0.00604 0.0389
0.09 0.0350 0.00775 0.0491
0.10 0.0409 0.00967 0.0605
0.11 0.0470 0.01181 0.0731
0.12 0.0534 0.01417 0.0868
0.13 0.0600 0.01674 0.1016
0.14 0.0668 0.01952 0.1176
0.15 0.0739 0.0225 0.1347
0.16 0.0811 0.0257 0.1530
0.17 0.0885 0.0291 0.1724
0.18 0.0961 0.0327 0.1928
0.19 0.1039 0.0365 0.2144
0.20 0.1118 0.0406 0.2371
0.21 0.1119 0.0448 0.2609
0.22 0.1281 0.0492 0.2857
0.23 0.1365 0.0537 0.3116
0.24 0.1449 0.0585 0.3386
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Hydraulic Properties for Circular Conduits
Assuming a Constant Value of Manning's n
for the Entire Range of Flow Depths. (Cont.)

A On_ Q.

y/D D2 D8/3sfl/2 DS/‘Z

(1) (2) (3) “4)
0.25 0.1535 0.0634 0.3667
0.26 0.1623 0.0686 0.3957
0.27 0.1711 0.0739 0.4259
0.28 0.1800 0.0793 0.4571
0.29 0.1890 0.0849 0.4893
0.30 0.1982 0.0907 0.5226
0.31 0.2074 0.0966 0.5969
0.32 0.2167 0.1027 0.5921
0.33 0.2260 0.1089 0.6284
0.34 0.2355 0.1153 0.6657
0.35 0.2450 0.1218 0.7040
0.36 0.2546 0.1284 0.7433
0.37 0.2642 0.1351 0.7836
0.38 0.2739 0.1420 0.8249
0.39 0.2836 0.1490 0.8672
0.40 0.2934 0.1561 0.9104
0.41 0.3032 0.1633 0.9546
0.42 0.3130 0.1705 0.9997
0.43 0.3229 0.1779 1.0459
0.44 0.3328 0.1854 1.0929
0.45 0.3428 0.1929 1.1410
0.46 0.3527 0.201 1.1900
0.47 0.3627 0.208 1.2400
0.48 0.3727 0.216 1.2908
0.49 0.3827 0.224 1.3427
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Hydraulic Properties for Circular Conduits
Assuming a Constant Value of Manning's n
for the Entire Range of Flow Depths. (Cont.)

A On Q.
y/D DZ DSBsfl/’?. DSfJ.
(1) 2) (3) (4)
0.50 0.3927 0.232 1.3956
0.51 0.4027 0.239 1.4494
0.52 0.4127 0.247 1.5041]
0.53 0.4227 0.255 1.5598
0.54 0.4327 0.263 1.6166
0.55 (.4426 0.271 1.6741
0.56 0.4526 0.279 1.7328
0.57 0.4625 0.287 1.7924
0.58 0.4724 0.295 1.8531
0.59 (.4822 0.303 1.9147
0.60 0.4920 0.311 1.9773
0.61 0.5018 0.319 2.0410
0.62 0.5115 0.327 2.1058
0.63 0.5212 0.335 21717
0.64 0.5308 0.343 2.2886
0.65 0.5404 0.350 2.3068
0.66 0.5499 0.358 2.3760
0.67 0.5594 0.366 2.4465
0.68 0.5687 0.373 2.5182
0.69 0.5780 0.380 2.5912
0.70 0.5872 0.388 2.6656
0.71 0.5964 0.395 2.7416
0.72 0.6054 0.402 2.8188
0.73 0.6143 0.409 2.8977
0.74 0.6231 0.416 2.9783
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Hydraulic Properties for Circular Conduits
Assuming a Constant Value of Manning's n
for the Entire Range of Flow Depths. (Cont.)

A ~Qn_ Q.
y/D D2 DSBSfUZ D5/2
1) (2) (3) 4)
0.75 0.6319 0.422 3.0606
0.76 0.6405 0.429 3.1450
0.77 0.6489 0.435 3.2314
0.78 0.6573 0.441 3.3200
0.79 0.6655 0.447 3.4111
0.80 0.6736 0.453 3.5051
0.81 0.6815 0.458 3.6020
0.82 0.6893 0.463 3.7021
0.83 0.6969 0.468 3.8062
0.84 0.7043 0.473 3.9144
0.85 0.7115 0.477 4.0276
0.86 0.7186 0.481 4.1466
0.87 0.7254 0.485 4.2722
0.88 0.7320 0.488 4.4057
0.89 0.7384 0.491 4.5486
0.90 0.7445 0.494 4.7033
0.91 0.7504 0.496 4.8724
0.92 0.7560 0.497 5.0602
0.93 0.7612 0.498 5.2727
0.94 0.7662 0.498 5.5182
0.95 0.7707 0.498 5.8119
0.96 0.7749 0.496 6.1785
0.97 0.7785 0.494 6.6695
0.98 0.7817 0.489 7.4063
0.99 0.7841 0.483 8.8261
1.00 0.7854 0.463 -
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Appendix 4.3 Evaluation of Minor Losses in Pipes

Underground closed conduit systems have features such as transitions,
junctions, bends, entrances, exits, etc. which result in localized energy
losses that are usually represented by a steep slope or sudden drop in
the energy grade line. Such energy losses are termed minor losses.
They can. however. exceed frictional energy losses under certain
conditions.

Transition Losses

A transition occurs when a pipe changes size. The change in pipe cross
sectional area results in a change in velocity which means there is an
energy loss.

For a contraction:

V,\2 ~2 _,
H =K (== -—)..whenV,>V, (4.2.6)
‘ 2g 2g <0
For an expansion:
H, =K (=~ —>)..whenV>V, 4.2.7)
g 2

in which. H, = energy loss due to expansion; K, = expansion loss
coefficient; H, = cnergy loss due to contraction; K. = contraction loss
coefficient; V, = mean velocity upstream of the transition, V, = mean
velocity downstream of the transition. When water enters a pipe from a
reservoir condition. the contraction equation should be used with V, =
0. Table 4.2.3 lists typical expansion and contraction coefficients.
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Table 4.2.3 Expansion and Contraction Coefficients
for Closed Conduit Flow
(Source: WEF/ASCE, 1992)

Contraction from
Diameter D, to D,.

Ratio of D,/D, K.
0.0 0.5
0.4 0.4
0.6 0.3
0.8 0.1
1.0 0.0

Contraction from

Reservoir into a Pipe K,
Square Edge 0.5
Bell Mouth 0.4
Groove End 0.2

Expansion through a
Tapering Section.
0 below is the Included
Angle in Degrees

between the
Sides of the Tapering
Section. K,
10 0.17
20 0.40
45 1.06
60 1.21
90 1.14
120 . 1.07
180 1.00

4-20

20-1050 F 140 of 260




Manholes and Junctions

For a straight through manhole junction box where there is no change is
pipe size, the minor loss can be estimated by:
H_-0. osKi (4.2.8)
2g

in which H__ is the energy loss due to the manhole junction box.

©

e
!

)
©

Figure 4.2.1 Schematic Diagram of Pipe Junction.

Figure 4.2.1 shows a schematic diagram of a pipe junction. For a
junction with box with a lateral inflow pipe under full flow conditions,
the energy loss is computed from the equation:

H=y' V - V‘ 4.2.9)
’ 8 28
in which H; = the energy loss at a Juncnon V, = mean velocity in the
main line upstream of the _]UIlC[]Ol’] V. = mean velocity in the main line
downstream of the junction; y' is defined below:
/_ Q,V,-Q,V,-Q;V;cos(8) (4.2.10)
0.5g(A,+A,)

in which the subscripts 1, 2, and 3 refer to hydraulic quantities in the
upstream main line, the downstream main line, and the lateral inflow

pipe respectively; Q = the discharge in cfs; V = velocity in ft/sec; A
is the cross sectional area in ft*; and 6 is the angle between the lateral
inflow pipe and the alignment of the main line outlet conduit.
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Pipe Bends

The following relationship is used to compute energy loss in pipe bends
flowing full: '

H, =K v (4.2.11)
b b 2
g

in which H, = energy loss in a bend, K, = bend loss coefficient; and
V = mean flow velocity in the pipe. The value of K, is shown in
Table 4.2.4.

Table 4.2.4 Bend Loss Coefficients
(Source: FHWA, 1985)

Bend Radius / Diameter Angle of Bend, Degrees
/D 90 45 22.5
1.0 0.50 0.37 0.25
2.0 0.30 0.22 0.15
4.0 0.25 0.19 0.12
6.0 0.15 0.11 0.08
8.0 0.15 0.11 0.08
4-22
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Section

5

Stormwater Storage Design

Stormwater storage permits control of flood runoff volumes and peaks.
thus limiting some adverse impact of changes within a catchment. This
section defines the design and construction requirements and provides
guidance for planning and analyzing storage facilities.

Contents of this section

.1 Background . ... ..o
.2 Types of Storage Famhﬂes .............
5.2.1 Detention Structures . . .. ..........
5.2.2 Retention Structures . .. ... ... .....
5.2.5 Special Facilies . ... ... oL
5.2.4 Regional v. On-site Impoundments . . . .
.3 Basin Design Requirements . ... ... .. ...
.4 Embankment Design Requirements . . ... ..
5 Spillway Design Requirements . . ... ... ..
.6 Outlet Work Design Requirements . . . ... ..
5.6.1 Outlet Tvpes . . .. .. ... .. . ... ..
5.6.2 Outlet Standards . . . .... ... ......
5.6.3 Trash Racks . ....... .. S
5.6.4 Outlet Safety . ... .... . ........
7 Hydrologic and Hydraulic Analysis for Design
5.7.1 Inflow Hydrograph Computation .. ...
5.7.2 QOutflow Hydrograph Computatmn Ce
5.7.3 Analysis Steps . . . ... .. L.
Appendix 5.1 References . ... ...... . ......
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El Dorado Countv does not require stormwater storage for all
development, but regulates the design and construction of storage if it is
provided. This section defines those regulations and describes

appropriate analysis procedures.

20-1050 F 143 of 260




Depending on the volume of water stored and the height of the stored
water, a stormwater storage facility in El Dorado County may be
classified as a dam by the California Department of Water Resources
Division of Safety of Dams (DSOD). Fig. 5.4.1 shows the DSOD
criteria. Storage facilities in El Dorado County subject to DSOD
jurisdiction must be designed and constructed following DSOD
guidelines (DSOD, 1986).

Dams subject to
state jurisdiction

Height, ft
Dams not subject to
state jurisdiction

Capacity, ac-ft
Fig. 5.1.1 Dams within Jurisdiction of DSOD

Structures not within DSOD jurisdiction, but greater than 6 ft in height
or with capacity greater than 15 ac-ft are to be designed and constructed
in a manner that satisfies the DSOD criteria; except, the design event
shall be the 100-yr event and the requirements for emptying are reduced
to 72 hr (see Section 5.7.2).

Additional requirements for all storage facilities greater than 6 ft in
height or with capacity greater than 15 ac-ft are presented in this
section. If the DSOD guidelines conflict in any case with requirements
herein, the DSOD criteria should be used and the contradiction should
be noted.
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180
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Minor storage facilities (those less than 6 ft in height with capacity less
than 15 ac-ft) require only a grading permit, per the requirements of the
Grading, Erosion, and Sediment Control Ordinance (1988).

5.2 Types of Storage Facilities

Stormwater storage facilities mitigate adverse impacts by holding
stormwater and releasing it at a rate that will not cause damage
downstream. This is illustrated by the hydrographs shown in Fig. 5.2.1.

/\ Post-development runoff

[\

/ 3 Target flow

./ AN

// ‘ \ Outflow
" T
— 50 100 150 200 250
Time, min

Fig. 5.2.1 Impact of Storage

In this figure, the pre-development peak was 113 cfs. After
development, the peak increased to 186 cfs. To reduce this peak to the
post-development level, storage was provided. Thus the volume of water
represented by the shaded area is stored and released gradually. The
total volume of the post-development (inflow) hydrograph and the
outflow hydrograph is the same, but the time distribution of the runoff
is altered by the stormwater storage facility.
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This figure illustrates performance of a detention structure. Retention
structures, on the other hand, impound completely the total excess
volume and hold it without release. In that case, the stored water
infiltrates and evaporates. Other less-frequently used storage facilities
include parking lots and underground storage facilities. All are
acceptable in El Dorado County, if they are designed and constructed to
satisfy appropriate performance and safety requirements.

5.2.1 Detention Structures

Fig. 5.2.1 is a simple sketch of a detention structure. The structure
stores water temporarily and releases it, either through the outlet pipe or
over the emergency spillway. The rate of release depends on the
characteristics of the pipe, the characteristics of the inlet to the pipe, and
the characteristics of the spillway. Note that the outlet serves two
purposes: It limits the release of water during a flood event, and it
provides a method of emptying the pond after the event.

[ Top of embankment

/

/" N

Top of emergency

spillway / overflow

Cverflow

Orifice Outlet pipe (culvert) \

Fig. 5.2.2 Typical Detention Structure

Detention basins may be classified as:
Dry basins. These basins are designed to store water for only a short

time during periods of high stormwater runoff. A drainage control
structure, usually consisting of a pipe which controls the rate of

5-4
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outflow from the basin, is set in the bottom of the basin, thus
providing for complete emptying of the pond when inflow ceases. A
sump may be provided below the invert to allow for sediment
settling. Fig. 5.2.1 is an example of a dry basin.

Wet basins. These basins are designed to maintain a permanent pool
of water. The outlets are located above the permanent water surface,
so the basin does not drain completely. Wet basins may be used for
aesthetic, water quality, or fish and wildlife enhancement. Because
of the long-term maintenance requirements necessary to preserve the
proper functioming of the wet basin, these facilities are allowed only
with specific approval of the County.

5.2.2 Retention Structures

A retention structure stores all or a portion of the inflow for a prolonged
time period. These resemble detention basins, yet have no outlet (other
than emergency outlets). Outflow is via infiltration or evaporation. In
general, the design requirements for a retention structure are consistent
with those for a detention structure, unless noted otherwise herein.
Retention basins may serve multiple purposes, such as stormwater
management and environmental quality management. Such basins have
been constructed in the Lake Tahoe Basin.

Retention basins are allowed only with specific approval of the County.
As with a wet basin detention facility. a retention basin requires
long-term maintenance 1o insure proper performance. Therefore. any
application for such approval will require submittal of an acceptable
Jong-term maintenance plan.

5.2.3 Special Facilities

Parking lots may be used to provide additional storage of stormwater
runoff from less-frequent, higher-intensity storms when used in
conjunction with another storage facility. Parking-lot storage may be
used for storms greater than the 10-yr design storm, provided that the
following conditions are met:

«  The depth of water detained does not exceed 1.0 ft at any location in
the parking lot area for the 100-yr design storm; and

«  The minimum gradient of the parking lot area subject to ponding 1s
1%: and

7
h
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* The emergency overflow path meets the requirements for pond
systems; and

» Ponding is restricted to areas that will cause the least inconvenience
to parking area users.

Detention for the 10-yr design storm may be permitted with specific
approval of the County. The design criteria for a 10-yr storm would be
the same as the requirements of a 100-yr storm, as noted above, with
the exception of the depth of water stored. The depth of water detained
cannot exceed 0.5 feet at any location in the parking lot under the 10-yr
design storm.

Underground storage facilities may be used to detain temporarily
stormwater runoff. For example, tanks and vaults may be used as
subsurface detention facilities, with an outlet control structure to control
the rate of flow leaving the system. Similarly, a system of perforated
pipes may be used to control surface runoff. With such a system,
runoff slowly escapes through the perforations and infiltrates in the
surrounding soil. Underground storage facilities are appropriate only for
small sites, due to the size of facilities required to detain any significant
volumes. Therefore, such facilities will be allowed only with specific
approval of the County, only for sites of 10 acres or less, and only
when other storage alternatives are demonstrated to be inappropriate.
Design will be approved on a case-by-case basis.

Joint-use facilities serve purposes beyond stormwater-runoff control.

For example, a facility may detain flows to reduce damages
downstream, while simultaneously retarding flow to permit setttement of
particulates. Any design which incorporates secondary uses of the
facility must still satisfy all applicable criteria regarding stormwater
runoff control. :

5.2.4 Regional v. On-site Inpoundments

If storage facilities are planned for an individual site, rather than as a
component of an overall regional plan, the storage is referred to as on-
site detention or source-control detention. Such on-site facilities are
designed to control short, intense storms that produce the greatest peak
flows. The facilities typically are small in scale and are used in El
Dorado County when regional detention is not available or if on-site
storage 1s necessary to reduce peak discharge for downstream pipes,
culverts, ditches, or streams.
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Facilities designed as a component of a watershed planning process are
classified as regional or downstream storage facilities. Generally, a
stormwater management plan that incorporates such regional storage can
produce more economical and effective mitigation of increase runoff
than is possible with numerous small detention basins. Accordingly.
regional drainage plans for specific areas within El Dorado County will
evaluate stormwater management requirements for larger catchments.
These plans may identify requirements for regional detention facilities,
i.e.. facilities that are owned and maintained by the County. Such
facilities typically are larger than on-site, privately-owned basins, and
are designed to control systematically runoff from the total watershed.
Detention facilities identified within these regional drainage studies must
meet all applicable drainage performance requirements. Any variation
from these standards requires prior approval of the County.

Coordinated regional detention facilities that take into account the entire
watershed area are preferred within E{ Dorado County. When a regional
drainage studv has been conducted and regional basins are designed, the
regional basin will always take precedence over local basin design.

5.3 Basin (Pond) Design Requirements

Detention and retention basins (ponds) constructed as a component of a
stormwater storage svstem must satisfv the requirements that follow.
Exceptions to these requirements may be granted by the County for
good reason.

« The basin must be designed to harmonize with its surroundings, and,
where possible. to improve the aesthetic quality of developments.

« The length-to-width ratio of the basin must be at least 2:1. A ratio
of 5:1 is preferred. The basin inlet and outlet must be located as far
apart (hydraulically) as possible.

- Interior side slopes must be no steeper than 3H:1V. Exterior side
slopes must be no steeper than 2H:1V, unless stability with steeper
slopes is confirmed by a qualified engineer and design is approved
by the County.

. Basin walls mav be retaining walls, provided that the design 1s
prepared and certified by a qualified engineer. A fence must be
placed along the top of the wall.
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A low-flow channel must be provided from the basin inlet(s) to the
basin outlet. This channel must be lined with reinforced concrete,
rock. or another form of erosion protection, with specific approval
of the County. Minimum acceptable slope of the channel is 1%.

The basin floor must slope towards the low-flow channel with a
minimum slope of 1%, measured perpendicular to the low-flow
channel. The slopes must be designed as close to the minimum as
possible to facilitate sedimentation. Because sediment tends to
accumulate around the lowest outlet, the invert elevation of any
outlet will be located 0.5 ft above the basin floor to minimize
clogging. Care must be taken to eliminate accumulation of stagnant
water within the pond.

All earthen slopes must be covered with topsoil and revegetated as
soon as 1s practical. If the slopes are subject to wave action,
additional protection must be provided.

Safety features to protect the public must be incorporated. Fencing,
consisting of 6-ft chain-link meeting Caltrans standards, should be
provided around the perimeter of detention basins when appropriate.
Access gates constructed of the same material as the fencing must be
included, with a minimum opening of 12 ft.

Maintenance of all storage facilities must be addressed explicitly in
the design and construction. Vehicular access for maintenance of the
pond and outlet works, removal of sediment, and removal of floating
objects during all weather conditions must be provided. This access
must be from a public street or from the parcel upon which the
basin is constructed. An access road must be provided to the basin
floor of all detention facilities. This road must have a minimum
width of 12 ft and a maximum grade of 20%. Turn-arounds at the
contro] structure and the bottom of the basin must have a 40 ft
minimum outside turning radius. A maintenance plan must be
developed and provided along with the design documents.
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5.4 Embankment Design Requirements

Detention and retention basins (ponds) constructed as a component of a
stormwater storage system must satisfy the requirements that follow.
Exceptions to these requirements may be granted by the County for
good reason.

« A minimum oi i35 {1 of tfreeboard must be provided between the top
of the embankment and the maximum design water-surface elevation
of the spillway (see Section 5.6). To determine this water-surface
elevation, assume that the 100-yr storm runoff occurs when the basin
is full. compute the corresponding spillway discharge, and determine
the maximum water-surface elevation of this spillway flow.

«  The maximum embankment depth must be determined by a qualified
engineer.

+  The embankment must have a minimum 15-ft top width where
necessary for maintenance access. Otherwise the top width may vary
as recommended by a qualified engineer.

The toe of the exterior slope of the embankment must be more than
25 ft from the tract or easement property line.

«  Embankment design and construction material shall be approved by
El Dorado County. Native consolidated soil is preferred.

«  All earthen slopes will be covered with topsoil and stabilized with
appropriate vegetation, subject to approval of El Dorado County and
the Soil Conservation Service, as soon as is practical after
construction.

5.5 Spillway Design Requirements

Regional or larger on-site structures may pose significant hazards to
public safetv in the event of a failure. Consequently, in addition to any
other outlet control structure, an emergency overflow spillway
(secondary overflow) must be provided. This spillway must satisfy the
requirements that foliow. Exceptions to these requirements may be
granted by the County for good reason.

«  The emergency overflow spillway crest elevation must be greater
than the maximum design water-surface elevation of the pond.

-9

n

20-1050 F 151 of 260




» The spillway must be designed to pass the 100-yr design storm event
if the outlet works fail or if a runoff event exceeds the design event.
The spillway design will be based on peak runoff rates for
developed site conditions, assuming that the basin is full to the crest
of the spillway prior to the beginning of the design event.

» The spillway must be located so overflow is conveyed safely to the
downstream channel.

» The spillway must be protected against erosion and scour. Refer to
Section 6 of this manual for design requirements for such protection.

5.6 Outlet Work Design Requirements

5.6.1 Outlet Types

Outlets are designed for the planned release of water from a detention
structure. The outlets may consist of separate conduits of various sizes,
or of several inlets to a chamber or manifold that leads to a single outlet
pipe or conduit. For example, the detention pond in Fig. 5.2.1 has a
multiple-stage outlet structure. The lower outlet functions regardless of
the volume of inflow. The capacity computation for that outlet is made
with procedures described in Section 7.

The capacity of other outlets is determined with appropriate weir,
orifice, or pipe formulas, depending on the design of the outlet. For
example, the overflow outlet shown in Fig. 5.2.1 is included as a relief
outlet, in case the lower outlet is clogged by debris. This overflow
functions only when the inflow volume is sufficient to raise the water-
surface elevation to the level of that outlet. The capacity is determined
with the weir equation:

O=CLH' 5.6.1

in which O = flow rate; C = dimensional discharge coefficient; L =
effective weir width; H = total energy head on crest, including velocity
of approach head. The total outlet is the sum of flow through the orifice
and flow through the overflow.
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5.6.2 Outlet Standards

Outlet works constructed as a component of a stormwater storage
svstem must satisfy the requirements that follow. Exceptions to these
requirements may be granted by the County for good reason.

A pond overflow system must provide controlled discharge for the
100-yr design event without overtopping the pond embankment and
without utilizing the emergency spillway. The design must provide
controlled discharge directly into the downstream conveyance
svstem. The principal outlet must be able to drain completely the
detention facilitv within 72 hours of the end of the 100-yr storm by
gravity flow through the principal outlet.

«  Reinforced concrete pipe should be used for the principal outlet of a
detention basin. The minimum acceptable outlet pipe diameter is 12
in. If a riser is used, as illustrated in Fig. 5.2.1, provision must be
made to drain completely the pond. In general, the riser pipe
diameter must be at least one standard pipe size, or a minimum of 6
in.. greater than the barrel pipe diameter. The minimum acceptable
riser pipe diameter is 24 in. With prior approval by El Dorado
County. corrugated metal pipe mayv be used for the outlet.

«  The formation of vortices can cause significant head loss and reduce
the discharge for a given head. Consequently, the potential for
vortex formation must be evaluated during design, and anti-vortex
devices must be installed if the potential exists.

+  Depending on the geometry of the outlet structure (either drop-inlet
riser or hood-inlet pipe), discharge for various depths can be
controlled by the inlet crest (weir control), or the riser or barrel
opening (orifice control), or the riser or barrel pipe (pipe control).
Each of these flow controls shall be evaluated when determining the
rating curve of the principal outlet.

«  Flow-control facilities must be designed for unrestricted flow
downstream of the outlet works. Additional storage capacity must be
provided if the release rate capability is reduced due to backwater
conditions. In other words, the flow control facilities must be
selected on the basis of flow capacity, but the storage volume must
be selected on the basis of on the actual flow. This guarantees the
allowable release rate if downstream restrictions are removed and the
backwater condition is eliminated.

5-11

20-1050 F 153 of 260




« Conduits designed for prolonged pressure flow must be provided
with seepage-drainage diaphragms or geotextiles to control erosion
of fine material. If the outlets discharge onto easily-eroded materials,
stilling basins or other energy-dissipating devices should be
provided.

+  Outlets must not depend on human intervention to operate gates or
other controls during a storm event.

« The number of conduits through the embankment should be
minimized.

» Care should be taken to ensure against leaky conduit joints in the
embankment.

e Thin-walled conduit should not be used in the embankment without
a protective exterior encasement.

« The conduit should be designed to operate with minimum internal
water pressure.

» Debris will build up, so the basin and outlet works should be
designed accordingly, accounting for the resulting energy loss.

5.6.3 Trash Racks

Outlets for detention ponds in El Dorado County must be protected by
trash racks. These are grates, grills, filters, or screens that protect the
outlet from plugging with debris. WEF/ASCE (1992) offers, and El
Dorado County endorses, the following guidance for design of racks for
detention facilities:

e Trash racks must be large enough that partial plugging will not
restrict outflow. As a rule-of-thumb, the trash rack area should be at
least ten times larger than the outlet orifice. For very small outlets,
an even larger ratio may be necessary to control the initial flush of
debris.

e The rack should be sufficiently far from the outlet opening to avoid
interference with the hydraulic performance of the outlet.

» Rack openings should be appropriate for the dimensions of the outlet
protected: a smaller outlet demands smaller openings. Multiple racks
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with varied spacing may be used if the outlet consists of multiple
openings of various sizes.

. Trash racks must have hinged openings to permit access for removal

of accumulated debris and sediment.

- Maintenance access must be provided. as well as a means to drain
the pond if the basin is a wet basin.

5.6.4 Outlet Safety

Outlet works create a potential hazard when operating; a person can be
swept into the opening. Accordingly. fencing and trash racks must be
provided on both upstream and downstream openings, and public access
must be limited. In addition. outlets should be planned and designed to
minimize flow velocities.

5.7 Hydrologic and Hydraulic Analysis for Design

5.7.1 Iinflow Hydrograph Computations

Inflow hvdrographs for design and analysis of impoundments must be
computed with procedures described in Section 2 of this manual. The
hydrograph method of Section 2.4 must be used.

The engineer is cautioned here that. even though County regulations
stipulate the event for which a structure is to be designed. performance
of the structure with larger and smaller events must be reviewed. For
example. suppose a structure is designed to reduce the post-development
peak due to a 100-vr 24-hr event. As a component of the complete
analysis, the engineer should determine also downstream flows due to,
for example, the 10-yr 24-hr event. The 10-yr post-development peak
will almost certainly be greater than the 10-yr pre-development peak.
However, without proper consideration in design of the detention outlet.
the structure might not reduce this 10-yr post-development peak. Thus
downstream flooding due to this smaller-than-design event will be
greater, even though detention is provided. Further, in some cases the
detention may delay a flood peak so it coincides in time with peak from
another subcatchment downstream. In that case, the detention may
actually increase downstream flooding for the design event. The
engineer must provide the details of careful, systematic analysis to
identifv and remedy these potential problems.
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5.7.2 Outflow Hydrograph Computations

Outflow from an impoundment that has horizontal water surface can be
computed with the so-called level-pool routing model (also known as
modified Puls routing model). The model breaks the total analysis time
into equal intervals of duration At. It then solves recursively the
following one-dimensional approximation of the continuity equation:

_AS
Iavg—oavg*_A—; 571

in which Z,,, = average inflow during time interval; O,,, = average
outflow during time interval; AS = storage change. With a finite
difference approximation, this can be written as:

j I,M_ it 2 Ui L W 5.7.2

in which j = index of time interval; /; and /,,, = the inflow values at the
beginning and end of the j-th time interval, respectively; O, and O,,;, =
the corresponding outflow values; and S; and S,, = corresponding
storage values. Eq. 5.6.2 can be rearranged as follows:

28, 2S. .
(400G (-0 513

All terms on the right-hand side of Eq. 5.7.3 are known. The values of
I and I, are the inflow hydrograph ordinates computed with the
procedures in Section 2.4. The values of O,-and S, are known at the j-th
time interval: at j = 0, these are the initial conditions, and at each
subsequent interval, they are known from calculation in the previous
interval. Thus, the quantity (25, / At + O,,,) is known. For an
impoundment, storage and outflow are related, and with this storage-
outflow relationship, the corresponding values of O,., and S, can be
found. The computations can be repeated for successive intervals,
yielding values O, O, ... O,,, the required outflow hydrograph
ordinates.
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The form of the storage-outflow relationship depends on the
characteristics of the basin, the outlet, and the spillway. Fig. 5.7.1
illustrates development of such a storage-outflow relationship. Fig. 5.7.1
(a) is the basin surface area v. water-surface elevation relationship; the
datum for the elevation here is arbitrary, but consistent throughout the
figure. This relationship can be derived from topographic maps or
grading plans. Fig. 5.7.1 () is developed from this with solid-geometry
principles. Fig. 5.7.1 (d) is the outlet-rating function. An uncontrolled
outlet and a culvert perform identically, so this function is derived
following culvert-rating procedures described in Section 7 of this
manual. Fig. 5.7.1 (e) is the spillway rating function. In the simplest
case, this function can be developed with the weir equation (Eq. 5.6.1).
For more complex ‘spillways, the engineer must refer to publications of
the Corps of Engineers (1965) and the Soil Conservation Service (1985)
for appropriate rating procedures. Figs. 5.7.1 (d) and (e) are combined
to yield (). Then, for an arbitrarily-selected elevation, the storage
volume is found in (), and the total flow is found in (f). These may be
plotted to yield the desired relationship, as shown in (©).

Elevation Elevation

/——>

Total flow

(©)

Surface area

Elevation

Elevation /

Outlet fiow Spiliway flow Total flow

(d) (e) M

FIG. 5.7.1 Derivation of Storage-outflow Relationship
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For additional details on storage routing computations, the engineer
should refer to a hydrology text, such as Chow, Maidment, and Mays
(1988).

5.7.3 Analysis Steps

The WEF/ASCE Manual of Practice No. 77 (1992) suggests, and El
Dorado County endorses, the following steps for design of stormwater
detention facilities:

1. Compute pre-development hydrograph from which the maximum
catchment outflow is to be determined, as described in Section 5.7.1.

2. Compute post-development hydrograph that is to "controlled" by the
storage facility, as described in Section 5.7.1.

3. Subtract the pre-development runoff volume from the post-
development volume. This volume difference represents the
approximate storage requirement.

4. For the pond site, develop a table and/or curve of water-surface
elevation v. storage.

Refer to the culvert design charts in Section 7 and determine a trial
outlet size required to pass the maximum allowable outflow at a
headwater depth corresponding to the storage requirement from step
3. Measure depth above the basin floor or lowest outflow pipe invert
elevation.

(9]

6. For the trial outlet size, construct the storage-outflow relationship, as
shown in Fig. 5.7.1.

7. Compute the outflow hydrograph, following the procedure in Section
5.7.2. Use At sufficiently small to permit definition of five or six
ordinates on the rising limb of the inflow hydrograph. The
computations for this step can be done with hand calculations, with
a spreadsheet program, or with a specialized computer program, such
as HEC-1 (HEC, 1990).

8. Compare the maximum outflow rate with the aliowable rate.

9. Adjust the size, shape, and/or outlet structure if the maximum rate
exceeds the allowable rate, and repeat Steps 5-8.
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Additional guidance 1s available from the Bureau of Reclamation
(1977).

The engineer must present all computations clearly to simplify review
by the County.
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Section

6

Hydraulic Design of Open Channels

This section discusses the types of channels to be constructed in El
Dorado Countv. The specific criteria and issues that are to be
considered in the design of such channels are also discussed.
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6.1 Background

Once the appropriate level of protection is defined and the design
discharge is computed according to the procedures in Section 2, a
channel of appropriate size and shape can be designed. Once designed
and constructed, this channel will protect adjacent areas from events that
do not exceed the design event. In some cases, the level of protection
can be increased significantly with a modest increase in cost. In all
cases, the engineer should evaluate the consequences of events larger
than the specified design events. Estimating the damage caused by a
500-year flood event with the proposed improvements in place, and then
verifying that the damage would not be worse than the no-improvement
condition is an example of such an evaluation.

Extensive information is available on the hydraulic design of open
channels. El Dorado County expects that the engineer will have
substantial familiarity and experience with such information. The
purpose of this chapter is therefore to cover the primary design issues,
analysis procedures, and design criteria for open channeis. In many
cases, the engineer will have to refer to the referenced source materials
to adequately investigate the details of a particular design. El Dorado
County has adopted open channel design criteria that is substantially
based on the following standard reference: U.S. Army Corps of
Engineers EM-1110-1601, Hydraulic Design of Flood Control Channels,
July, 1990. Design of energy dissipators and other in-channel control
measures 1s based on: Federal Highway Administration Hydraulic
Engineering Circular No. 14, Hydraulic Design of Energy Dissipators
for Culverts and Channels.
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6.1.1 Channel Types

A channel collects runoff from its contributing drainage area and
conveys it to another point. Several types of channels that are
acceptable in El Dorado County are discussed below.

Natural Channels. A natural channel is defined as an existing stream
which has been created by hydrologic and geomorphologic processes. It
typically has a minimum of improvements. A constructed. improved. or
altered channel may be considered a natural channel if it is designed to
function as a naturai river system. The use, preservation, and
enhancement of natural channels is preferred in El Dorado County.

Improved Channels. An improved channel is defined as facility
specifically designed for the single purpose of collecting and conveying
runoff in an efficient manner. Improved channels include grass lined,
concrete lined. and rock lined channels.

Grass Lined Channels. Grass lined channels are improved channels with
regular cross sections that are lined with grass to prevent erosion. (rass
lining is viable onlyv for channels with relatively flat slopes. Successtul
grass lined channels require maintenance both for the establishment of
the root network and to control the length of the grass.

Concrete Lined Channels. Concrete lining is used where a maximum of
conveyance is desired in limited right of way situations or where
channel slopes are very steep. In general, concrete lining is used in
commercial areas and high density subdivisions.

Rock Lined Channels. Rock lining such as rip rap and wire enclosed
gabions offer a similar degree of erosion protection as concrete and 1s
usually a lower cost solution. For wide channels or those with moderate
slopes, the channel bed is usually left unlined and the bank lining
extends below the bed to a depth which exceeds the potential scour
depth. Rock lining is also used for local scour control at culverts,
stream bends. and spillways and drop structures.

Other Channel Linings. When the designer proposes to use other
linings such as geotextiles, flexible interlocking pavement, soil cement,
etc., El Dorado County should be contacted.
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6.17.2 Natural Channels Preferred

The use of natural channels for the collection and conveyance of storm
water runoff is the preferred method. The reason for this is that the
preservation and enhancement of natural channels play a key role in
maintaining the quality of habitat for fish and wildlife. It also preserves
natural floodplain storage areas and provides aesthetic qualities that are
consistent with the rural character of El Dorado County.

6. 7.3 Channel Stability

During a rainfall event, increased runoff volumes from developed areas
can contribute to bed and bank erosion of both natural and improved
channels. Furthermore, dry season urban runoff can result in extensive
growth of channel vegetation that may reduce channel conveyance
below intended design values. The designer's work is not complete
unless the above two factors are taken into account.

In order to determine the proper type of channel stabilization and flood
protection measures, the following issues should be considered during
the planning and design of drainage improvements:

1. The effect that any changes in the runoff hydrograph may have
upon the floodplain limits.

2. The effect that potential growth of vegetation in the channel or
floodplain has upon the long-term flood protection of adjacent
development.

3. The effect that channelization of an existing stream has upon the
natural floodplain storage volume.

4. The effect that increases of either peak flow or velocity may have
on channel erosion or deposition.

5. The effect that the proposed development project will have on
both short-term and long-term sediment production. This includes
measures to control erosion during construction.

6. For projects which propose the creation or expansion of

permanent water bodies: The effect that a change in water
temperature will have upon fish and wildlife.

6-4

20-1050 F 164 of 260




-

7. The role that drainage improvements will play in managing
pollutants in storm water runoff.

8. The effect that the proposed drainage improvement has upon the
existing aesthetic qualities of the area.

All of the above are not applicable to all drainage design projects.
However. El Dorado County encourages multidisciplinary involvement
in both the planning and design of major drainage projects to the extent
that it results in preservation of natural systems and reliable flood
protection for developed areas.

6.2 Analysis Procedures

This section discusses analysis procedures appropriate for the hydraulic
design of open channels. The types of computations requested do not
require the use of computer programs. The use of computer programs 1s
discussed. however.

6.2.1 Classification of Open Channel Flow

Open channel flow can be classified by considering the variation of the
depth of flow with respect to either distance or time. If the depth of
flow is constant over the entire length of the channel, the flow is termed
uniform. If the depth of flow at a fixed point along the channel 1S
constant over time. the flow is termed steady.

For most of the channels in El Dorado County, steady flow at the peak
discharge can be assumed for hydraulic design purposes. If the channel
is long, has constant cross section shape. and has no backwater effects
from downstream controls, the flow can be considered uniform and
analyzed as such.

For steady, uniform conditions, water will flow at its normal depth.
Normal depth occurs when the work done by gravity to move water is
in equilibrium with the energy loss due to channel boundary roughness.
Manning's equation computes the normal depth of flow for a given
discharge.

For steep, high velocity channels, normal depth may be in the
supercritical regime. This is when inertial forces are greater than
gravitational forces. For flatter channels, velocities are slower and
gravitational forces dominate, thus normal depth is usually in the
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subcritical regime. Improved channels are designed to maintain flow
depths entirely in either the subcritical or supercritical range. The
reason for this 1s that channels designed for critical depth often exhibit
unstable flow patterns. When flow changes from the supercritical
regime to the subcritical, a region of rapidly varied flow know as a
hydraulic jump occurs. Specific channel design measures are usually
employed to control the location of a hydraulic jump.

6.2.2 Manning’s Equation

As discussed above, Manning’s equation gives the normal depth for a
given discharge assuming steady, uniform flow conditions:

_1.49 3¢ 12
Q--—n—AR S, (6.2.1)

in which, Q = discharge in ft/sec; n = Manning’s roughness coefficient;
A = cross sectional area of flow in ft*; R is the hydraulic radius (area
divided by wetted perimeter) in ft; S; is the slope of the energy grade
line in ft/ft.

6.2.3 Selection of Manning’s n Value

The selection of the appropriate Manning’s n value(s) requires
consideration of the ultimate purpose for which calculations based on
that selected value are to be used.

For example, a channel is to be designed with the intention that it
mimics a natural river system. The section shape is a wide trapezoid
with a bed of coarse sand and 3:1 side slopes protected by rock facing.
For the first few years after construction, channel roughness will be
governed by the bed material and rock side slopes. An appropriate n-
value for this condition might be 0.03. Since it is desired to allow the
channel to obtain a natural appearance, a certain amount of vegetation is
allowed to grow within the channel. After one or two decades, channel
roughness will be governed by vegetation thus an appropriate n-value
might be 0.08.

Both n-values are correct considering their specific physical conditions.
The potential for error, however, arises in their application. If the value
n = 0.03 is used, the relatively high computed velocities will result in an
adequate design for erosion protection. It will, however, underestimate
potential flood stages under the vegetated condition. If the value n =
0.08 1is used, the resulting velocities will be too low resulting in
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inadequate bank protection measures. Computed flood stages, however,
will be adequate.

The solution to this dilemma is to use a Manning's n vaiue on the lower
end of the expected range when the objective is to evaluate velocity
dependent design criteria such as the scour depth or bank protection.
When the objective is to determine depth dependent design criteria such
as the maximum flood stage. a Manning's n value should be chosen
which is on the higher end of the expected range and reflects the long-
term characteristics of the proposed channel.

Table 6.2.1 gives recommended ranges of Manning’s n value for
conditions that are commonlv found in El Dorado County. The values
are applicable to small and medium sized channels. The column labeled
Lower End gives the n-value that should be considered for velocity
based design criteria. The column labeled Normal Value gives the n-
value that should be considered for depth based design criteria. These n
values are based on data presented in Chow (1959). When selecting the
n-value from Table 6.2.1, care, judgement, and experience should be
used. The presence of bed forms and gravel bars can often result in a
higher n-value. Alernatively, flexible vegetation that lays down on the
stream bed during « flood can often result in a lower n-value.

6-7

20-1050 F 167 of 260




Table 6.2.1 Typical Manning's n Values
{Source: Chow, 7959)

Channel Description Low End | Normal
’ n-Value n-Value

Natural streams, Mild slopes:

20-1050 F 168 of 260

1. Clean, straight, no rifts, or deep pools 0.025 0.030 l
2. Same as above, but more stones and weeds -0.030 0.035 '
3. Clean, winding, some pools and shoals 0.033 0.040
4. Same as above but some weeds and stones 0.035 0.045 I
5. Same as above, lower stages, more ineffective area 0.040 0.048
6. Same as 4, more stones 0.045 0.050
7. Sluggish reaches, weedy, deep pools 0.050 0.070
8. Very weedy, heavy stand of timber and underbrush 0.075 0.100 l
Steep mountain streams, vegetation on banks only
9. Bottom: gravel and cobbles, few boulders 0.030 0.040 l
10. Bottom: cobbles with large boulders 0.040 0.050
Flood plains:
11. Pasture, no brush, short grass 0.025 0.030 l
12. Pasture, no brush, high grass 0.030 0.035
13. Scattered brush, heavy weeds 0.035 0.050
14. Light brush and trees in summer 0.040 0.060 I
15. Dense willows, summer, straight 0.110 0.150 ;
Improved earth channels:
16. Gravel, uniform section, clean 0.022 0.025 l
17. With short grass, few weeds 0.022 0.027
18. Winding, sluggish, stony bottom, weedy banks 0.025 0.035
Unmaintained channels: l
19. Dense weeds as high as flow depth 0.050 0.080
20. Clean bottom, brush on sides 0.040 0.050
21. Same, highest stage of flow 0.045 0.070 I
22. Dense brush, high stage 0.080 0.100
Lined channels:
23. Trowel finish n/a 0.013 I
24. Float finish n/a 0.015
| 25. Unfinished n/a 0.017
| 26. Gunite, regular /a 0.019 l
‘ 27. Gunite, wavy n/a 0.022
28. Riprap (n-value depends on rock size) 0.020 0.030
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6.2.4 Uniform Flow

For uniform flow, the energy grade line is parallel to the invert profile,
thus S, = S,. the channel bed slope. Manning's equation can therefore
be used to compute the normal flow depth, given the channel cross
section shape, bed slope, and the n value.

The computation of normal depth using a given discharge can be
accomplished by several methods: iterative calculations, hydraulic
tables, or by graphical means such as those in Chow (1959).

For channels with rock slope protection, the value of Manning's n can
be estimated directly from the Strickler equation:

n-K(Dyy. %) (6.2.2)

in which, n = Manning's n: K = 0.034 for velocity computation; K =
0.038 for flow depth computation; Dy, ,,, = diameter in feet for which
90% of the sample 1s finer, from the lower limit curve of gradation.

For channels with surface roughness that varies across the channel
section, or in cases where overbank conditions are to be analyzed, a
composite n value must be derived. The composite n is a weighted
average based on the wetted perimeter. The basic relationship is:

RS WP, +n,WP,+-+n WP _

n__ = (6.2.3)
composie WP, +WP,+-+WP_

in which n, and WP, are the Manning's n value and wetted perimeter,
respectively, of a given roughness sub-section.

6.2.5 Critical Depth in Open Channels

Critical depth in a given channel section occurs when the specific
energy (V*/2g + flow depth) is at a minimum for a given flow rate.
Determination of whether the flow regime is normally supercritical
(depth is less than critical depth) or subcritical (depth is greater than
critical) is essential for open channel design. For regular channel
sections, the flow regime can be identified from the Froude number
expressed as:
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v (6.2.4)

veAlT

in which F = Froude number; V = mean flow velocity; A = cross
section area; T = top width. If the Froude number is 1, the channel is
at critical depth. When a channel flows at critical depth, a minor
change in specific energy can result in large change in depth. Designed
channels should therefore have Froude a number less than 0.85 and
greater than 1.10.

Designing channels for sub-critical flow is preferred when practical.
High velocities, wave action, super-elevation, and potential for
hydraulic jumps make super-critical channel design more difficult and
construction more costly. However, the natural topography will
generally determine the slope of a channel design; therefore, designing
for super-critical flow may be unavoidable in steep terrain. If this is
the case, special care must be taken to avoid any significant alignment,
slope, roughness or channel geometric changes. In addition, scouring
and momentum forces must be considered in the structural design of the
channel and outlet facilities.

6.2.6 Non-uniform Flow

For subcritical conditions, non-uniform flow occurs when a downstream
condition causes upstream flow depths to be different from normal
depth. These downstream conditions can include: a change in bed
slope, a change in channel roughness, a channel shape transition, a
tributary inflow, backwater from a receiving stream, or an in-channel
structure. For non-uniform flow conditions, the flow depth at an
upstream cross section can be computed from the known flow depth at
a downstream section using the steady state, gradually varied flow
equation:

Ay 5075 (6.2.5)
L 1-F?
in which, Ay = the change in water surface elevation from the
downstream section to the upstream section in ft.; L = the distance

between sections in ft.; S; = the bed slope in ft/ft.; S; = the slope of
the energy grade line in ft/ft.; F = the Froude number.
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Bv progressing in an upstream direction from a known water surface
elevation. a non-uniform water surface profile can be computed using
equation 5. For non-uniform flow calculations with compound channel
cross sections. guidance on the estimation of the appropriate hydraulic
properties for non-umform flow computation can be found in HEC-THD
v. 6 (1975).

For computation ot non-uniform flow associated with the design of
supercritical flow channels, consideration must be given to cross wave
formation in transitions and bends as well as to flow depths and
velocities. Guidance on supercritical flow analysis can be found in the
Corps of Engineers” EM-1110-2-1601.

6.2.7 Flow Analysis Using Hydraulic Computer Programs

The purposes of steady flow, open channel hydraulic computer programs
such as HEC-2 are to save time and to increase accuracy. Such
programs are not a substitute for the understanding of the basic
equations and principles of open channel hydraulics. The use of
hydraulic computer programs is not mandatory. El Dorado County
encourages their use. however, when the result is a more accurate and
complete channel design study.

Computer program HEC-2 solves the one-dimensional energy equation
for steady-state, non-uniform flow. Cross sections are specified by
entering a series of up to 100 station-elevation points. Thus compound
sections and natural floodplains can be dealt with accurately. Distances
between cross sections and floodplain overbanks are also entered. HEC-
2 starts with a specified downstream water surface elevation and
computes the water surface elevation at successive upstream Cross
sections using Manning’s equation to compute the frictional energy loss.
The program also has the ability to account for other energy losses such
as contractions, expansions, culverts, bridge piers, and weir flow losses.

The HEC-2 program requires the following general input: 1)
Downstream control water surface elevation; 2) Cross section data of
sufficient detail: 3) The design discharge for each cross section;

4) Tributary inflow or diversion locations; 5) Channel roughness n-
values, expansion, and contraction coefficients; 6) Proper selection of
cross section locations to account for changes in channel geometry or
hydraulic conditions.
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Training classes on the use of HEC-2 are available through U.C. Davis
Extension. There is also significant reference material available from
the U.S. Army Corps of Engineers’ Hydrologic Engineering Center in
Davis, California.

6.2.8 Weir Flow

Common uses of weir flow analysis in channel and storm drain
calculations are for channel overflow spillways, analysis of roadway
overtopping, and detention pond outlets. The general equation for
rectangular, horizontal crested weirs is:

in which Q is the flow over the weir in cfs; C is the weir discharge
coefficient; L is the length of the weir in ft.; H is the distance in ft.
between the upstream energy grade line and the weir crest for a free
outfall condition, or the distance between the upstream energy grade line
elevation and the downstream energy grade line elevation for a
submerged outfall condition.

The value of C is available from several standard texts for different
types of weirs. For hand calculations, the value of C should be
modified if it is a function of head or of the degree of submergence.
The special bridge and culvert options in HEC-2 allow the use of
compound weir shapes, and they automatically account for submergence.
Typical values of C range from 2.5 to 3.1 for broad crested weirs. The
less efficient a weir is, the lower the value of C. For weir flow over a
bridge with railings, C is approximately 2.6. For weir flow over a
designed structure that is free from debris, C is approximately 3.0.

This discussion applies only to weirs that are either approximately
perpendicular to the direction of flow or control the outflow from a

detention pond. For side-channel weirs (those that are parallel to the
direction of flow), contact El Dorado County for specific design criteria.
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6.3 Channel Design Criteria

This section discusses specific design criteria that apply to various
elements of design. The goal of such criteria is to guide the engineer in
designing an adequate facility that will provide reliable flood protection
and meet the environmental objectives of El Dorado County. After
tollowing these criteria, the engineer should evaluate the overall
soundness and function of the design. If deviations from these criteria
are necessary, they should be documented and presented to El Dorado
County in the design report.

6.3.7 Channel Alignment

Horizontal and vertical alignment of open channels should follow the
natural drainage paths as much as possible. Abrupt horizontal
alignment changes should be avoided and abrupt changes in channel
slope should be avoided.

Tranquil Flow. For tranquil flow, the minimum centerline radius for
an improved open channel shall be 35 feet or 3 times the average
channel width, whichever is greater. The average channel width is
defined as the cross sectional area divided by the flow depth.

Rapid Flow. Large waves are generated by rapid flow in simple
curves. Therefore a smaller rate of curvature is recommended. The
minimum radius for channels with rapid flow is given by:

_aviw 6.3.1)
gy

R

min

in which R_,, = minimum radius of channel centerline in ft.; V =
average channel velocity in ft./sec.; W = channel top width in ft.; g
acceleration of gravity (32.2 ft/sec’); and v = flow depth in ft.

6.3.2 Hydraulic Grade Line
The design hydraulic grade line, or water surface profile, shall be

shown on all improvement plans for open channels as well as closed
conduit systems. Supporting calculations should be attached.
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6.3.3 Easements

Drainage easements for open channels shall be provided as required by
El Dorado County. In general, an easement for an open channel shall
have sufficient width for the channel and access roads and adequate
vehicle turn around areas. For smaller channels, lesser criteria may

apply.
6.3.4 Design Flow

Channels shall be designed to convey the appropriate recurrence interval
runoff event as described in Section 1.

6.3.5 Freeboard

Freeboard is the vertical distance between the top of the channel (or
levee) and the water surface that prevails when the channel is carrying
the design flow under normal conditions. The purpose of freeboard is
to prevent overtopping of the channel (or levee) when any of the
following factors exist during the design flood event but were not
accounted for in the hydraulic calculation for the design of the channel:

1. Floating debris

2. Settlement of stream banks or levees

3. Deposition of sediment

4. Increased friction due to bed forms

5. Increased friction due to vegetation growth
6. Wave action

7. Wind setup

8. Ice and/or snow blockage

9. Survey measurement inaccuracies

10. Hydrologic and hydraulic uncertainties

For channels, including natural floodplains with up to date detailed
flood insurance studies, the generally accepted minimum freeboard is 1
foot. For natural floodplains that are unstudied or have out of date
studies, hydraulic analysis must be performed, and the minimum
freeboard requirement is 1 foot. For the design of levees, the minimum
freeboard is 3 feet. For curved channels, freeboard is measured from
the outside, superelevated water surface (See below).
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Most channels wili require attention to several of the items in the list
above. The engineer will be required to provide additional freeboard
when any of the listed items have a reasonable probability of (either
individuallv or in combination) causing the required minimum freeboard
to be exceeded. Developed areas adjacent to natural streams are
especially prone to the above listed factors.

For curved channels. the outside of a channel bend experiences a local
increase in watersurface or super elevation. This effect 1s not
considered bv one-dimensional hydraulic analysis approaches including
HEC-2. It must be computed separately. The equation for a
superelevated water surface at a bend is:

VW (6.3.2)
gR

Ay=C

in which Av = the rise in water surface between a theoretical level water
surface at the centerline and the outside superelevated water surface in
ft.. C = 1.0 for simple curves; V = mean flow velocity in ft./sec.; W =
top width based on centerline elevation: g = acceleration of gravity, 32.2
ft/sec’: R = radius of channel centerline curvature.

6.3.6 Low Flow

For constructed natural and grass lined channels, a low flow channel
shall be provided to carry base flows within the channel. The capacity
of the low flow channel shall be based on the engineer’s determination
of the baseflow. For constructed natural channels, the designed low
flow channel may mugrate over time. Concrete lined channels should
have a dual cross siope of 1% creating a shallow V in the center of the
channel. Channels constructed with gabion baskets should have a low
flow channel in the center. Channels that are fully rock lined (with
riprap) do not require a low flow channel.

6.3.7 Velocity Requirements

El Dorado County realizes that tables of permissible velocity are
commonly used in hvdraulic design criteria. Most of this information 1s
based on a survey of practicing engineers performed by Fortier and
Scobey in 1926. The role of such velocity criteria is to evaluate the
performance of a design in the absence of supporting calculations or
data. These permissible velocities are presented here, as general
guidelines. El Dorado County would rather review calculations and
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supporting data that demonstrate the channel will function as intended
rather than to rely solely on permissible velocity guidelines.

For example, if a grass lined channel is proposed, a shear stress analysis
of the stability of the channel during its establishment period is much
more useful than merely providing the design velocity under ultimate
conditions.

Minimum Velocity. Constructed open channels shall be designed to
maintain a minimum velocity that is sufficient to convey the inflowing
sediment load through the system. As a guideline, flow velocities of
less than 2 feet per second during the 10 year storm will probably not
meet this criteria.

Maximum Velocity. When evaluating the stability of channel against
bed and bank erosion, meeting the permissible velocity guideline does
not necessarily mean that the channel will be stable. A sedimentation
study may be required in order to make this determination.

Table 6.3.1 shows general guidelines for maximum permissible
velocities in open channels carrying water with colloidal silts. These
values are based on data in French (1988).
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Table 6.3.1 Permissible Velocity Guidelines

Permissible
Velocity
Materiat (ft/sec)

1. Fine sand, colioidal 2.5
2. Ordinary firm loam 3.5
3. Stiff clay. very colloidal 5.0
4. Fine gravel 5.0
5. Graded loam te cobbles 5.0
6. Coarse gravel, noncolloidal 6.0
7. Shales and hardpans 6.0
8. Tall Fescue or similar light grasses on 3.0
easily erodible soil

9. Same as above on erosion-resistant soils 5.0
10. Ordinarv grass mixtures on easily 4.0
erodibie soils

11. Same as above on €rosion-resistant soils 5.0
12. Heavy grass such as Bermuda on easily 6.0
erodible soils

13. Same as above on erosion-resistant soils 8.0
14. Unreinforced concrete 10
15. Reinforced concrete 25
16. Grouted riprap 10

17. Ungrouted riprap
18. Gabions

See Sec. 6.3.11

Manufacturer's
guidelines
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6.3.8 Use of Concrete Pipe in Place of an Open Channel

In situations where the need for useable surface area makes an open
channel, impractical or unsafe underground concrete pipe may be used.
The designer should refer to Section 4 of the Drainage Manual for
information on this type of conveyance system.

6.3.9 Typical Channel Sections

Side Slopes. Constructed channels shall have maximum side slopes as
indicated in Table 6.3.2:

Table 6.3.2 Maximum Side Slopes for Constructed Channels

1. Reinforced concrete Vertical

2. Unreinforced concrete 1.5H to 1V

3. Flat cobbles hand laid in mortar Vertical 4’ max
or I.5SHto 1V

4. Grouted riprap [.5H to 1V

5. Ungrouted riprap 2Hto 1V

6. Grass Lined 3Hto 1V

7. Earth Lined 3Hto 1V

Bottom Width. Lined channels shall have a minimum bottom width of
6 feet and shall have an access ramp for maintenance equipment. The
access ramp shall be a minimum 10 feet wide and have a maximum
grade of 10%. This requirement does not apply to minor drainage
channels or V-ditches.

Constructed Natural Channels. As described in Section 6.1, constructed
natural channels are designed to mimic natural channels. The typical

section for such channels should be determined by field investigation
and examination of natural existing conveyance systems.
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6.3.10 Design of Unreinforced Concrete Channels

The design of unreiforced concrete channels requires the appropriate
hydraulic analysis caiculations as described in Section 6.2. Adequate
allowances for superelevation and freeboard should be made.
Unreinforced concrete thickness should be 4" minimum for banks and
6" minimum for the stream bed. Weep holes with diameter of 2" and
adequate side drainage shall be placed a minimum of 20" on center
along the channe} walls. Expansion joints shall be placed at a minimum
of 20" intervals along the channel. Also see the section on cutoff depth.

6.3.11 Design of Reinforced Concrete Channels

Concrete channels are often designed to convey flows at high velocities
in the supercritical regime. El Dorado County has adopted the
procedures stated in Paragraphs 2-1 through 2-7 of Hydraulic Design of
Flood Control Channels. EM-1110-2-1601 (U.S. Army Corps of
Engineers, 1991) for the design of reinforced concrete supercritical flow
channels. Supporting structural calculations must be provided with the
design report submittal. Reinforced concrete thickness should be 8"
minimum. Weep holes with a diameter of 2" and adequate side
drainage shall be piaced a minimum of 20° on center along the channel
walls. Expansion jomts shall be placed at a minimum of 20° intervals
along the channel.

6.3.12 Design of Rock Slope Protection for Channels

E1 Dorado County has adopted the rock slope protection criteria
discussed in Paragraphs 3-1 through 3-8 of the Hydraulic Design of
Flood Control Channels, EM-1110-2-1601 (U.S. Army Corps of
Engineers. 1991). The criteria are applicable to open channels not
immediately downstream of stilling basins or other highly turbulent
areas and channe! siopes of less than 2%. A summary of this design
criteria follows.

Stone Shape. The stones used for riprap protection should be
predominantly angular in shape. Not more than 30% by weight of the
stones should have an a/c ratio (longest dimension divided by shortest
dimension) greater than 3.0. No stone should have an a/c ratio greater
than 3.5.
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Unitﬂ Weight. The minimum unit weight for riprap protection is 150
Ib/ft’. The typical unit weight is 165 Ib/ft’.

Gradation. Table 6.3.3 gives the recommended gradation ranges for
riprap with a unit weight of 165 Ib/ft’. The value D, . is the average
stone diameter in feet for which no more than 30% of the sample by
weight should be finer. Once this value is known, the recommended
gradation range can be determined by plotting the indicated maximum
and minimum stone weights for each of the percent finer values: 15, 50,
and 100.

Table 6.3.3 Recommended Riprap Gradation Ranges
Percent Finer by Weight (165 Ib/t’)

Value of 100% 100% 50% 50% 15% 15%
D36 min Finer Finer Finer Finer Finer Finer
(ft) Max Min Max Min Max Min
0.48 86 35 26 17 13 5
0.61 169 67 50 34 25 11
0.73 292 117 86 58 43 18
0.85 463 185 137 93 69 29
0.97 691 276 205 138 102 43
1.10 984 394 292 197 146 62
1.22 1,350 540 400 270 200 84
1.34 1,797 719 532 359 266 112
1.46 2,331 933 691 467 346 146
1.70 3,704 1,482 1,098 741 549 232
1.95 5,529 2212 1,638 1,106 819 346
2.19 7.873 3,149 2335 1,575 1,168 492

For unit weights other than 165 Ib/ft’, the weights in Table 6.3.3 should
be multiplied by the ratio: actual unit weight divided by 165.
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Laver Thickness. The minimum thickness of the riprap layer is the
greater of: 1) The spherical diameter ot the upper limit of the W,
stone, or 2) 1.5 times the spherical diameter of the upper limit of the
W, stone. If construction is to take place while the channel has a
significant depth of flow against the bank. riprap layer thickness should
be increased bv 50%. Once placed, the riprap layer should be smooth
and uniform.

Design Stone Size. The design stone size 1s given by the following
equation:

Dy ASINCHC)ON =" (6.3.3)
y(sg-DK gy
mn which:

D,, = The diameter of riprap for which 30% is finer by weight. ft.

SF = Safety factor. The minimum value is 1.1. This factor should
be raised to address concerns over floating debris, ice, vandalism,
and quality control.

C. = Stability coefficient. Use 0.30 for angular rock.

C, = Vertical velocity distribution coefficient:
- Use 1.0 for straight channels and inside bends.
- Use 1.283-0.2 log(R/W) for outside bends.
- Use 1.25 for braided channels.
- Use 1.235 downstream of concrete channels.
- Use 1.25 at the ends of a dike.

y = Local flow depth in ft.

sg = Specific gravity of riprap (unit weight of rock divided by unit
weight of water).

V. = The local flow velocity approximately 20% of the slope
length up from the toe. This can be estimated from the computed
mean channel velocity V by using the following relationships:
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- Use V,, =V {1.71-0.78 log (R/W)} for trapezoidal
channels with R/W less than 13.

- Use V= 0.82 V for trapezoidal channels with R/W
greater than 13 and for straight channels.

- Use V=V {1.74-0.52 log (R/W)} for natural
channels with R/W less than 40.

- Use V= 0.90 V for natural channels with R/'W
greater than 40 and for straight channels.

- Use V= 1.6 V for braided channels, curved or
straight.

K, = Side slope correction factor.
- Use 0.88 for 2H to 1V side slopes.
- Use 0.95 for 2.5H to 1V side slopes.
- Use 0.98 for 3H to 1V side slopes.

g = acceleration of gravity, 32.2 ft¥/sec.

Notes: R is the radius of the channel centerline in ft. W is the top
width of the channel in ft. The term log means the base 10 log.

Once the riprap size is determined, the assumed value of Manning’s n
should be verified using equation (6.2.2). If it is not in reasonably close
agreement, new hydraulic calculations should be made based on the
revised n-value. A new stone size can then be computed.

Cutoff Depth. For channels that have banks lined with riprap or
concrete but have an unlined stream bed, the engineer is required to
determine how deep the slope protection should extend below the design
invert. This distance is known as the cutoff depth. Guidance is
available on the determination of the cutoff depth from Hydraulic
Engineering Circular No. 18, Section 2.1 through 2.7 (Federal Highway
Administration, 1993). The cutoff depth must exceed the potential total
scour depth. The potential total scour depth is composed of four
elements as shown in Table 6.3.4. The important elements to consider
for different types of channels are also indicated in the table.
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Table 6.3.4 Elements of Total Scour Depth

Use for Use for Use for
Straight Curved Channel
Element of Total Scour Channels Channels Contrac-
tions
1. Long term degradation. x X X
4
2. Contraction scour. X
3. Local scour. X
4. Lateral migration scour. X X

Supporting calculations for the design cutoff depth should be provided
along with the hvdraulic design study.

Filter. A suitable fiiter fabric or graded sand and gravel filter shall be
placed below the bedding laver of all slopes protected by ungrouted

riprap.

Durabilitv.  The rock shall have a minimum durability index of 52
according to Caitrans Standard Specifications, Paragraph 72-2.02.
January. 1988. The absorption should be less than 4.2%.

Additional Guidance. Usually the full height of the channel bank or
levee is covered with trock protection. For channel bends, additional
riprap protection is usually necessarv along the bend. This additional
riprap should extend both upstream and downstream of the bend for a
distance of 1.5 times the channel top width.

6.4 Related Design Criteria

6.4.1 Energy Dissipators

An energy dissipator is a structure intentionally designed to safely bring
flowing water from a higher energy state to a lower energy state.
Locations where energy dissipators are needed include: at the outlet of a
culvert, at the end of a spillway, downstream from a drop structure,
within a steep chute, etc. The types of energy dissipators include:
riprap, baffle block. stilling basin, abrupt transition, and controlled
hydraulic jump.
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For the design and construction of energy dissipators, El Dorado County
has adopted the criteria in Hydraulic Engineering Circular No. 14,
(Federal Highway Administration, 1983). The type and size of a
dissipator depends on its particular function and context.

6.4.2 Fencing

Fencing, consisting of 6-foot chain link fencing per Caltrans Standards
Plan F10, will be provided around the perimeter of all lined channel
easements with channel side slopes steeper than 3:1. The goal of
fencing is to protect the public from dangerous conditions. Under
certain circumstances, the engineer will have to work with El Dorado
County in order to provide adequate access control.
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Section

7

Hydraulic Design of Culverts

This section discusses the principles to be used for the design and
analysis of culverts in El Dorado County.
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7.1 Background

A culvert is a hydraulically short conduit which conveys streamflow
through a roadway or other type of embankment. Culverts are
constructed from a variety of materials and are available in many
different shapes and configurations. Culverts are used for two primary
purposes: To pass flow under a roadway, and to regulate flow coming
out of a detention basin.

The appropriate level of protection for a culvert is defined in Section 1.
The design discharge is computed according to the procedures in
Section 2.4 or 2.5. If the culvert is being used as an outlet for a
detention basin, the design hydrograph is needed in addition to the peak
flow. The engineer should evaluate the consequences of events larger
than the specified design events. Determining the ponding depth in a
detention basin for a 500-year flood event, and then verifying that the
upstream damage would not be worse than the no-improvement
condition is an example of such an evaluation.

Extensive information is available on the hydraulic design of culverts.
El Dorado County expects that the engineer will have substantial
familiarity and experience with such information. The purpose of this
chapter is therefore to cover the primary design issues, analysis
procedures, and design criteria for culverts. In many cases, the
engineer will have to refer to the referenced source materials to
adequately investigate the details of a particular design. El Dorado
County has adopted culvert design criteria that is substantially based on
the following standard reference: Federal Highway Administration,
Hydraulic Design Series No. 5, Hydraulic Design of Highway Culverts,
September, 1985.

7.1.1 Culvert Shapes

Culverts have many different cross sectional shapes. The most
commonly used shapes include circular, box, elliptical, pipe-arch, and
arch. The selection of the shape includes factors such as constraints on
the upstream water surface elevation, the roadway or embankment
height, hydraulic performance, and the construction cost.
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7.1.2 Culvert Materials

The selection of a culvert material includes factors such as structural
strength, hydraulic roughness, durability, and abrasion resistance. The
most commonly used culvert material types are reinforced concrete,
corrugated steel, and corrugated aluminum.

7.1.3 Culvert Inlet Types

Various inlets types are available to increase the hydraulic efficiency of
water flowing into a culvert barrel. Inlet types include: Projecting
pipes. prefabricated or cast in place head walls, mitered culvert ends
conforming to slope. Since the upstream channel is usually much wider
than the culvert barrel, the selection of the proper inlet can be critical
to the proper design of a culvert.

7.2 Analysis Procedures

This section discusses analysis procedures appropriate for the hydraulic
design of culverts. The types of computations addressed do not require
the use of computer programs. The use of computer programs for the
design of culverts is discussed, however.

7.2.1 Classification of Flow in Culverts

Perhaps the most important part of culvert analysis is the proper
classification of flow regime and the understanding of how the flow
regime changes under different discharge conditions. Culvert flow can
be classified under two major categories: Inlet control and outlet
control. Imlet control occurs when the flow capacity of the culvert
entrance is less than the flow capacity of the culvert barrel. Outlet
control flow occurs when the culvert capacity is limited by downstream
conditions or by the flow capacity of the culvert barrel.

For inlet control, the required headwater i1s computed by assuming that
the culvert inlet acts as an orifice or as a weir. Therefore, the inlet
control capacity depends primarily on the geometry of the culvert
entrance. For outlet control the required headwater is computed by
taking the depth of flow at the culvert outlet, adding all head losses,

and subtracting the change in flow-line elevation of the culvert from the
upstream to the downstream end (Hydrologic Engineering Center, 1990).

e
/

)
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7.2.2 Types of Inlet Contro!

There are four types of inlet control as shown in Figure 7.2.1. The
type of inlet control depends on the submergence condition of the
upstream end of the culvert.

Inlet Control Type 1

Part A of Figure 7.2.1 shows the condition where neither the inlet nor
the outlet end of the culvert are submerged. The flow passes through
critical depth just downstream of the culvert entrance and the flow in

the barrel is supercritical. The barrel flows partly full over its length
and the flow approaches normal depth at the outlet end.

Inlet Control Type 2

Part B of Figure 7.2.1 shows submergence at the outlet but an
unsubmerged condition at the inlet. Flow is supercritical in the barrel
and a hydraulic jump occurs toward the downstream end.

Inlet Control Type 3

Part C of Figure 7.2.1 is a more typical design situation. The inlet end
is submerged and the outlet end flows freely. Again the flow is
supercritical and barrel flows partly full over its length. Critical depth
is located just downstream of the culvert entrance and the flow is
approaching normal depth at the downstream end of the culvert.

Inlet Control Type 4

Part D of Figure 7.2.1 shows a more unusual condition that has both
inlet and outlet submerged. The culvert barrel does not flow full
however. The median drain provides ventilation of the culvert barrel.
If the barrel were not ventilated, negative air pressures could develop
which might create an unstable condition during which the barrel would
alternate between full flow and partially full flow.

For inlet control, the shape of the entrance transition is almost the sole
factor that determines the amount of head loss through the culvert. It is
interesting to note that the culvert barrel slope will play only a minor
role in determining the overall efficiency of the culvert.
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Figure 7.2.1 Schematic Diagram of Types of Inlet Control for Culvert Flow.
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7.2.3 Types of Outlet Control

Figure 7.2.2 shows the 5 types of outlet control for culvert flow. In
each case, the control section is at the end of the culvert or further
downstream.

Outlet Control Type 1

Part A of Figure 7.2.2 represents the classic outlet control situation.
Both the inlet and outlet are submerged. The barrel is under pressure
flow conditions for its entire length. This condition seldom exists in
practice.

QOutlet Control Type 2

Part B of Figure 7.2.2 shows the outlet submerged with the inlet
unsubmerged. For this Case, the headwater is shallow so the at inlet
crown is exposed as the flow contracts into the culvert.

Outlet Control Type 3

Part C of Figure 7.2.2 depicts the entrance submerged to such a degree
that the culvert flows full throughout its entire length while the exit is
unsubmerged with high outlet velocities. This condition seldom occurs
in practice.

Outlet Control Type 4

Part D of Figure 7.2.2 represents the typical condition. The culvert
entrance is submerged by the headwater, and the outlet end flows freely
with a low tailwater. For this condition, the barrel flows partly full
over at least part of its length (subcritical flow), and the flow passes
through critical depth just upstream of the outlet.

Outlet Control Type 5 .

Part E of Figure 7.2.2 is also typical, with neither the inlet nor the
outlet submerged. The barrel flows partly full over its entire length
under subcritical flow.
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There are several factors influencing outlet control. The efficiency of
the inlet plays a role for outlet control culverts as well as for inlet
controlled ones. The length. slope, and roughness of the culvert barrel
also plays a key role in the overall efficiency of outlet controlled
culverts. Perhaps the main factor is the elevation of the tailwater. This
may be controlled by the cross section shape of the culvert outlet or by
conditions further downstream such as heavy vegetation or a channel
constriction.

20-1050 F 193 of 260




" WATER
SURFACE A
HW Iﬁ W.S.
5‘%, ‘ -
B8

|
"w " H
-'.~~i:."..._-§

Figure 7.2.2 Schematic Diagram Showing Types of Outlet Control for Culvert
Flow.
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7.2.4 Analysis Procedure

The purpose of hydraulic analysis for culverts is, in general, to
determine the energy loss through the culvert in order to compute the
upstream water surface elevation given the downstream water surface
elevation. The generalized expression for the energy loss is:

HL=HL,+Hf+H0+Hb +Hj+Hg(7_2.})

in which H; = the total energy loss; H, = the entrance loss: H; = the
trictional energy loss of flow through the culvert barrel: H = the exit
loss: Hy, = the energy loss due to bends in the culvert barrel; H; = the
energy loss due to pipe junctions within the culvert; and H, = the
energy loss due to inlet or outlet grates.

For inlet controlled culverts, the entrance loss H, is the primary quantity
of concern. For outlet controlied culverts. the entrance loss H.. the
friction loss H,. and the exit loss., H,, are the primary quantities of
concern. When there are bends or junctions within the culvert. refer to
Section 4.2.8 for guidance on computing energv losses. When the
culvert has an inlet or outlet grate, refer to Section 7.2.7 for guidance
on computing the energy loss.

Two analysis procedures are available to aid in computing energy losses
in culverts: Nomograph design charts, and computer programs. These
are discussed in the following two sections.

7.2.5 Nomograph Design Chart Procedure

The Federal Highwav Administration. the National Bureau of Standards
and other agencies have compiled substantial laboratory and field data
on culverts with different material types, inlet types, flow conditions etc.
The analysis of this data has lead to a series of design charts that are
summarized in FHWA, 1985. The advantage of using these design
charts is that it allows the engineer to determine the upstream energy
grade line elevation for a given culvert design without breaking the loss
down into specific quantities. These nomograph design charts are
straightforward to use. The results of the charts typically have an
accuracy of 10% if they are used for conditions that are reasonably
similar to the laboratory and field conditions upon which the charts are
based (Hydrologic Engineering Center, 1990). Table 7.2.1 shows the
categories for which the design charts can be used. The design charts
are in Appendix 7.2.
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Table 7.2.1 Nomograph Design Chart Categories
(Source: FHWA, 1985)

Culvert Type and Flow Condition Design Chart Nos.
Circular Pipes of Various Materials
with Inlet Control 1-3
Critical Depth in Circular Pipes 4
Circular Pipes of Various Materials
with Outlet Control 5-7
Concrete Box Culverts with Inlet Control 8-13
Critical Depth in Box Culverts 14
Concrete Box Culverts with Qutlet Control 15

Corrugated Metal Box Culverts

with Inlet Control 16-19
Critical Depth for Corrugated Metal
Box Culverts 20
Corrugated Metal Box Culverts
with Outlet Control 21-28
Elliptical Concrete Pipe Culverts
with Inlet Control 29-30
Critical Depth for Elliptical Concrete
Pipe Culverts 31-32
Elliptical Concrete Pipe Culverts
with Outlet Control 33
Pipe Arch Culverts with Inlet Control 34-36
Critical Depth for Pipe Arch Culverts 37-38
Pipe Arch Culverts with Outlet Control ' 39-40
Arch Culverts with Inlet Control 41-43
Critical Depth for Arch Culverts 44
Arch Culverts with Outlet Control 45-50
Flow Properties for Structural Plate Conduits 51-54
Head Loss for Side- or Slope-Tapered Inlets 55-59
7-10
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For the outlet control nomographs, the value of the entrance loss
coefficient K, must be determined from Table 4.2.2. It should be noted
that the design charts assume a barrel slope of 2%. Additional
frictional energy loss should be estimated for slopes significantly greater
than 2%. For typical Manning's n values for culvert materials, refer to

Table 4.2.1.

Table 7.2.2 Entrance Loss Coefficients for Culvert Analysis
{Source: Hydrologic Engineering Center, 1990)

Concrete Box Culverts K.
Headwall Parallel to Embankment:
Square Edges on 3 Sides 0.50
Round Edges on 3 Sides (Radius = 1/12 width) 0.20
Wingwalls at 135 to 45 degrees
Square Edge on Top Corner of Barrel 0.40
Round Edge on Top (Radius = 1/12 width) 0.20

Pipe Culverts K,

Concrete Pipe, Projecting (No Headwall):
Socket End of Pipe 0.20
Square End of Pipe 0.50
Concrete Pipe with Headwall and Wingwalls:
Socket End of Pipe 0.10
Square End of Pipe 0.50
Rounded Entrance {Radius = 1/12 of Diameter) 0.10
Corrugated Metal Pipe:
Projecting from Fill, No Headwall 0.80
With Headwall and Wingwalls, Square Edge 0.50
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7.2.6 Computer Programs for Culvert Analysis

Several computer programs are available for the analysis of culverts.
Two programs that are well documented and are widely used in design
practice are discussed here.

Computer program HEC-2 (The Hydrologic Engineering Center, 1990)
has the ability to analyze flow through culverts in a stream channel. It
assumes a constant, steady flow through the culvert. This program is
most useful when designing culverts as part of a channel improvement
project or when evaluating the backwater effect of an existing culvert
for a floodplain study.

Computer program HY-8 (FHWA, 1987 and GKY & Associates, Inc.,
1992) analyzes the flow through one or more culverts. It computes the
headwater elevation for a range of specified outflows and tailwater
conditions. The results of this program can be used to develop a
storage volume vs. outflow rating curve making this program useful for
detention basin analysis. Detention basin routing using HEC-1 can be
done be entering the culvert outlet discharge on the SQ record, and
either the corresponding volume, surface area, or ponding elevation on
the SV, SA, or SE record, respectively.

Training courses on the use of these programs are available through
U.C. Davis Extension. Significant reference material is also available
for the Hydrologic Engineering Center. The HY-8 Computer Program
and documentation is available through the McTrans Center for
Microcomputers in Transportation, University of Florida, Gainesville.

7.2.7 Analysis of Grates on Culvert Openings

When a safety grate or a debris control measure is required to be
placed at the inlet or the outlet of a culvert, analysis of its effect is
required. If debris blocks the opening of the grate, additional energy
loss will occur. Often culverts have to be oversized when they include
grated entrances. When access control or debris control is required,
reference is made to "Hydraulic Performance of Culverts with Safety
Grates", FHWA, 1983.
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7.3 Culvert Design Criteria

Thus section discusses the specific design criteria that apply to various
elements of design. The goal of such criteria is to guide the engineer in
designing an adequate facility that will provide reliable flood protection
and meet the environmental objectives of the county. After following
the analysis procedures and design criteria in this section, the engineer
should evaluate that overall soundness and function of the design. If
deviation from these criteria are necessary, they should be documented
and presented to the county in the design report.

7.3.1 Water Surface Elevation

Culvert designs are subject to all of the water surface and freeboard
criteria as discussed in Section 6, Hydraulic Design of Open Channels.
For new culverts. the design water surface elevation should be at least 2
feet below the mimimum roadway elevation.

7.3.2 Culvert Material

Most culverts will be constructed of either corrugated metal or
reinforced concrete. The wall thickness and amount of reinforcing
depends on the depth of cover and the loading conditions that will occur
on the culvert. Reter to Caltrans Standard Specifications for the
determination of culvert loading and material specification.

7.3.3 Erosion Protection

Culverts often create areas of concentrated velocity as the flow
contracts or expands. The culvert design must address this and mitigate
potential erosion problems by the placement of -wing walls, rock slope
protection and downstream energy dissipators. Refer to FHWA (1985)
and FHWA (1983) for specific analysis techniques and design
procedures.

7-23
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Appendix 7.2 Culvert Hydraulics Nomograph Design Charts

The following pages contain Charts 1-39 of Hydraulic Design of
Highway Culverts. Hydraulic Design Series No. 5, Federal Highway
Administration. September, 1982.

For inlet control design charts: Draw a straight line from the correct
pipe diameter through the correct design discharge ending at headwater
scale No. 1 (or the leftmost scale). If the entrance type corresponds to
Scale No.1. read the corresponding value of dimensionless headwater
depth. To determine the actual headwater depth, multiply this number
by the appropriate culvert barrel dimension. If the inlet type is different
than for Scale No. 1. project horizontally to the proper scale to
determine the correct dimensionless headwater depth.

For outlet control design charts: Determine the value of the entrance
loss coefficient K, from Table 7.2.2. Locate the curved scale that
corresponds to the value of K. Locate the length of the culvert barrel
on the appropriate curved scale. Draw a straight line from the correct
length on the correct scale to the correct diameter on the second scale
from the left. Then draw a straight line from the correct design
discharge through the point where the previous line intersects the
turning line. This line intersects the scale on the right giving the
appropriate value of the headwater depth.

7-15
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CHART 7 O
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