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PREFACE

Urbanization may be defined as the process of altering from rural to urban
the regional land-use patterns. This transformation has had many impacts on
our society. These impacts have technical, economic, social, and political
implications which have resulted in a rapid shifting of public attitudes
towards the identification of the problems of urbanization, and a growing
emphasis in governmental attitudes towards the treatment of these problems.

Among these problems are the management of excess stormwater and the control
of soil erosion and sedimentation. Stormwater management is necessary to
preserve and promote the general health, welfare, and economic well-being of
the region. Stormwater management is a regional feature that affects all
governmental jurisdictions and ali parcels of property. This characteristic
makes it necessary to formulate a program that balances public and private
involvement. Although the overall coordination and master planning should
be provided by the governing units most directly involved, stormwater
management planning and programming should also be regionally integrated to
include state and national agency interests.

Concurrent with the management of excess stormwater is the problem of soil
erosion and sedimentation in developing areas. As with stormwater
management, soil erosion and sedimentation control are regional concerns
which require a balanced effort between public and private entities if
desired resulis are to be achieved.

The intent of this Manual is to present current design procedures and
techniques for the management of urban stormwater drainage and control of
erosion and sedimentation. The procedures and techniques presented herein
are consistent with available data and present understanding of the
hydrologic cycie, and have been either developed specifically for the Dodge
City area, or taken from commonly used references where applicable.

space requirements dictated that some less-frequently used charts and tables
be omitted. The designer is encouraged to consult the original references
for more comprehensive explanations, design charts, and tables. A
Bibliography has been provided at the end of each section for this purpose.

It is not the intent of this manual to 1imit the designer to specific design
procedures or techniques. Other more appropriate methodologies may be used
where applicable, provided prior approval is obtained from the City Engineer
of Dodge City.
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Section 1

Drainage Policy

1.10

Introduction

Definitions

Goals ~ Broad general purposes.
Objectives - Those specific things which are desired and striven for.

Policy - The outline of principles and truths which will be a
motivating force for a plan or a course of action.

Flood Plain - The land area which is covered by overflowing water.
Development - A growth, improvement or expansion to the community.

Master Plan ~ A set of maps which out]ine ways to reduce stormwater
drainage problems. The plan includes 100-year flood maps and
profiles; and shows sizes, capacity and Tocation of drainage
facilities.

Design Criteria Manual - A set of standards, requirements and
procedures used for planning, designing and reviewing stormwater
drainage improvements.

Minor Drainage System - A system which consists of streets, storm
sewers and smaller open drainageways. The minor system is that
which is planned to accomodate the storm runoff having a ten
percent chance of occurence 1in any year and which provides
convenience drainage and reduces street maintenance costs.

Majer Drainage System - A system which makes provisions to prevent
major property damage and loss of life. The major system is that
which s planned to accomodate the runoff from a storm having a
one percent chance of occurence in any year.

Detention Storage Facility - A stormwater facility which temporarily
stores runoff and releases it to the downstream drainway in a
controiled manner.

Retention Storage Facility - A stormwater faciltity which does not have
a positive outlet below a Tevel and, therefore, maintains a fixed
water elevation between runoff events except for losses due to
evaporation and seepage.

Statement of Problems

Haphazard growth in the community can cause neglect of the urban stormwater
system.  Problems caused by this negtect include the flooding, soil erosion
and pollution which result in the following:



1. Increased risk for loss of iife.

2. Damage to personal and public property.

3. Maintenance demands upon municipalities.

4.  Detays of emergency vehicles.

5. l.oss of the natural beauty of the community.

Solutions %o the problems are compiex and difficult to achjeve. While the
engineering design of solutions may be clear other problems exist which
fiinder the solutions such as:

1. The unwillingness of landowners to centribute to problem solutions
which do not directly benefit them.

2. Conflicting attitudes of various interest groups.

3. The lack cof finances to solve all of the problems at once.

Thus it becomes necessary to develop a too! which will consider alternate
solutions to the problems and aid in implementing and administering the
solutions. The tool includes a Stormwater Design Manual which presents the
goals and objectives of the City and provides technical design criteria and
data to achieve the goals. The tool aiso includes a Stormwater Management
Pian which outlines solutions in an effort to avoid a piecemeal approach to
improvements.

Goals and Objectives

The goals and objectives of stormwater wmanagement in Dodge City are as
foiiows:

1. Protect human 1ife and heaith.

2. Minimize private and public property damage vresulting from
erosion, sedimentation, and flooding.

3. Provide an efficient use of public monies.

4. nevelop & Drainage Design Manual that ensures that deign of the
drainage system are consistent with good engineering practice.

b, Encourage flocd plain uses consistent with approved land use pians
for the flood plain areas and coordinated with pians for the total
community.

6. Provide a mechanism which allows development of areas with minimum
adverse effects to the natural environment.

/. Develop a comprehensive drainage plan for the area to handie storm
runoff safely and efficiently.
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Planning Requirements

A Storm Drainage Master Plan and Drainage Design Criteria Manual.

Site Planning. A1l land development proposals should receive full
site planning including consideration of flood hazards.

Multiple Use. Drainage facilities shall be coordinated with other
facilities such as parks and streets.

Natural Channels., WNatural channels shall be used for transport of
runoff except as approved otherwise by the City. Natural
drainways provide significant storage capacity and provide open
Spaces.

Detention and Retention Storage. Storage facilities such as ponds
reduce the drainage capacity required downstream. The policy of
Dodge City is to require storage as outlined in the Master Plan.
Development of storage in other areas that become necessary or
feasible shall be considered and approved by the City.

a. Upstream Storage. Storage of storm runoff close to the point
of rainfall occurrence includes uses of parking lots, parks,
road embankments, and ponds.

b. Downstream Storage.  Storage downstream includes storage
reservoirs within the <channel and planned overflow in
suitable areas.

Stormwater Transfer. The diversion of storm runcff from one basin
to another shall be avoided unless specific justification is given
and it s shown that no damage 1is caused to property in the
recejving basin.

Operations and Maintenance. An important part of all storm
drainage facilities is the continued maintenance of the facjilities
te insure they will function as designed. Maintenance of
detention facilities involves removal of debris and sediment.
Sediment and debris must also be periodically removed from
channels and storm sewers. Trashracks and street inlets must be
regularly cleared of debris to maintain system capacity. Channel
bank erosion, damage to drop structures, crushing of pipe inlets
and outliets, and deterioration to the facilities must be repaired
to avoid reduced conveyance capability, unsighiiness, and ultimate
failure.

Developers of privately owned storage facilities shall give
assurance to the City that the facility will be properly operated
and maintained.

Jurisdictional Boundaries. Since drainage considerations and

problems <c¢ross jurisdictional boundaries a successful drainage
plan must emphasize cooperation between the City and others
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inciuding  fFord County, the State of Kansas Department of
Transportation, the Santa Fe Railroad and the U.S. Army Corps of
Engineers.

1.30 Technical Services
Design Criteria

Storm drainage planning and design of new facilities and revision of old
facilities shall adhere to the criteria developed and presented in the Dodge
£ity Drainage Manual.

The design criteria vrepresent sound engineering practice and shall be
utilized in the City. The criteria are not intended to be an iron-clad set
of rules within which the planner and designer must work; they are intended
to serve as guidelines, standards, and methods for sound planning and
design.

Criteria Updating

The design criteria shall be revised and updated as necessary to reflect
advances in the Tields of urban drainage engineering and watler resources
management.

Drainage Systems

Drainage facilities in the Lity shail provide for both a minor storm system
and a major storim system.

Besign Storm Frequencies

Design storm freguencies shali be as stated in the Dodge City Drainage
Manual for various project components.

Major lrainage Channels

Open channels for conveyance of wmajor storm runoff are desirable in urban
areas, and use of such channels i3 recommended.

Optimum benefits from open channels can best be obtained by incorporating
suitable areas and greenbelts with the channel layout. Open channels should
follew the natural {lowlines and should receive early attention in planning
stages of a new development, aleng with other storm runoff features.

Natural watercourses, perhaps wet only during and after large rainstorms,
should not he fitled, straightened, or altered significantly. Such actions
tend to reduce capacity and storage and increase the velocity to the
detriment of those downstreaw as well as those adjacent to the channel work.
Effort must be made to reduce flood peaks and control erosion so that the
natural channel is presevved as much as possible.



Tailwater

The depth of flow in the receiving stream must be taken into consideration
for hydraulic computations for both the minor or major storm runoff.

Storm Runoff

The determination of runoff magnitude shall be either the rational formula,
or the Soi1 Conservation Service {SCS) Unit Hydrograph Procedure.

a. Areas under 200 Acres

The Rational Formula shall be the method used to compute the peak
discharge of storm runoff for basins less than 200 acres in size.
Since the design storm is different for different areas, peak
discharges from sub-areas should not be added. The peak discharge
is a new solution to the Rational Method at each pont. The SCS
Unit Hydrograph Procedure is useful for checking of the Rational
Formula vesults to insure reasonablemess. Storage consideratins
of storm runoff shall be analyzed using the SCS Unit Hydrograph
Procedure for areas larger than 200 acres,

b, Areas over 200 Acres

The 5CS Urban Hydrograph Procedure shall be used for computing the
storm runoff hydrograph for drainage areas over 200 acres in size.
However, the sub-basins making up the total area, when studied on
an individual basis and less than 200 acres, may be studied using
the Rajonal Formula.

Accuracy

the peak discharges determined by either of the two methods are
approximations. Rarely will the drainage system operate at the design
discharge. Flow will always be more or less in actual practice, merely
passing through the design flow as it rises and Talls. Thus, the engineer
should not overemphasize the accuracy of his computed discharges. He should
emphasize the design of a practical and hydraulically balanced system based
on sound logic and engineering as well as on dependable hydrology as defined
in the City's Stormwater Design Manual.

Use of Streets

Use of streets for urban drainage shall fully recognize that the primary use
of streets is for traffic. Streets are also significant and important in
urban drainage, and full use should be made of streets for storm runoff up
to reasonable limits. Reasonable Timits for the use of streets for
conveying storm runoff shall be governed by the design criteria presented in
the Dodge City Drainage Manual.

Storage Aress

Detention and retention storage areas shall have a release rate for the 10-
year, 2-hour storm which does not exceed the natural runoff rate. The
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design of all impoundments, whether temporary or permanent, shall be
approved by the Chief Engineer of the Kansas Division of Water Resources.
An ordinance has been adopted by the (ity to insure the proper functioning
of these storage areas to avoid public nuisances and health and safetly
hazards.

Erosion and Sediment Control

The need for seidment and erosion contrel facilities, either permanent or
temporary, shall be determined according to the standards for sediment and
erosion control in developing areas, as stated in this manual.

A Temporary Erosion and Sediment Control Plan is required unless otherwise
approved by the City Lngineer.

The temporary erosion and sedimentation control facility shall be
constructed prior to any grading or extensive land clearing, in accordance
with the above pian. These facilities must be satisfactorily maintained
until construction and landscaping are completed and the potential for on-
site erosion has passed.

1.40 Submittals
Ptat Submittals

Good-quality pian and profile drawings shall be presented to the City prior
to receipt of final approval. The drawings shall vremain the permanent
property of the City. A copy of design computations shall be included with
the drawings.

Plans for the proposed drainage system shail include property lines, lot and
btock numbers, dimensions, right-cf-way and easement Iines, floodplains,
street names, paved surfaces {existing or proposed), location, size and type
of inlets, manholes, culverts, pipes, channels, and related structures,
contract limits., outfail details, miscellaneous viprap construction, contour
Tines, and title block.

Profiles shall indicate the bproposed system (size and material) with
ejevations, flowlines, gradients. Tleft and right bank channel profiles,
station numbers, inlets, manholes, ground-line and curb-line elevations,
typical sections, riprap construction, filling details, minimum permissible
slab elevations within 100-year floodplains and adjacent to open drainage
features, pipe crossings, design flow capacities, and title block.

Record Drawings

Upan project completicn and final approval by the City the original mylar
drawings depicting ss-constructed conditions shall be presented to the City.



1.50 Implementation

In the future, amendments can be made to drainage policy, practice and
procedure if a review of drainage problems encountered indicates the best
interests of the pubiic are not being served.

The  financing of storm drainage improvements is fundamentally the
responsibility of the affected property owners: Both the Person directiy
affected by the water and the person from whose land the runoff originates.
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Section 2
Storm Runoff

This section presents two methods for computing storm runoff in the Dodge
City, Kansas area. The Rational Method is the primary tool for the
determination of runoff from areas of 200 acres or less and is especially
useful for the design of storm sewer systems. U.S. Department of
Agriculture, Soil Conservation Service (SCS) has developed a synthetic unit
hydrograph procedure for generating hydrographs from ungaged watersheds.
The procedure has gained wide exceptance and is the standard hydrologic
procedure for the design of earth dams in the State of Kansas (Engineering
Guide-7). The presentation of these two methods is not intended to preclude
the use of other methods; however, the designer 1is advised to secure
approval from the City of Dodge City and any other appropriate reviewing
agencies hefore utilizing different methods.

2,10 Rational Method

the Rational Method is an empirical runoff formula which has gained wide
acceptance because of its simple, intuitive treatment of storm runoff. This
method relates peak runoff to rainfall intensity, surface area, and surface
characteristics by the formula:

Q = C¢CiA (2-1)
where:
0 = peak runoff rate, in cubic feet per second (cfs);
C = prunoff coefficient representing a ratio of peak runoff rate to

average rainfall intensity for a duration equal to the time of
concentration;

Ly = correction factor to adjust the runoff coefficient for less-
frequent, high-intensity storms;

‘i = agverage fainfa11 intensity, in inches per hour; and
A = drainage area, in acres.
The Rational Method is based on the following assumptions:
L. The peak rate of runoff at any point is a direct function of the
average uniform rainfall dintensity during the time of

concentration to that point.

2. The frequency of the peak discharge is the same as the frequency
of the average rainfall intensity.



3. The time of concentration is the time required for the runoff to
become established and flow from the most hydraulicaliy remote
part of the drainage area to the point under design. This
assumption applies to the most remote in time, not necessarily in
distance.

Practice generally limits use of the Rational Method to some maximum area.
For larger areas, storage and subsurface drainage flow cause an attenuation
of the runoff hydrograph so that the rates of flow tend to be overestimated
by the Rational Method. In addition, the assumption of uniform rainfall
distribution and dintensity becomes Tless appropriate as drainage area
increases. Because of the trend for overestimation of flows and the
additional cost in drainage facilities associated with this overestimation,
the application of a more sophisticated runoff computation technique 1is
usualily warranted on Tlarger drainage areas. The designer should obtain
permission from the City of Dodge City before applying the Rational Method
to areas larger than 200 acres. Refer to Section 1.30 for more discussion
of the design criteria.

Runoff Coefficient

The runoff coefficient, €, is a variable of the Rational Method which is
least susceptible to a precise determination and provides the designer with
a degree of latitude to exercise his independent judgment. The following
discussion is intended to provide a guide to promote the uniform application
of runoff coefficients.

The runoff coefficient accounts for abstractions for losses between rainfall
and runoff which may vary with time for a given drainage area. These losses
are caused by interception by vegetation, infiltration into permeable soils,
retention in surface depressions, and evaporation and transpiration. In
determining this coefficient, differing c¢limatological and seasonal
conditions, antecedent moisture conditions, and the intensity and frequency
of the designh storm should be considered.

Table 2-1 presents vrecommended (  values. Where ranges are shown,
adjustments should be wmade for level of developwent, surface type, soii
type, and slope. It is often desirable to develop a composite runoff
coefficient based in part on the percentage of different types of surfaces
in the drainage area. This procedure can be applied to typical "sample”
areas as a guide to the selection of usual values of the coefficient for the
entire area. Suggested coefficients with respect o surface types are given
in Table 2-%.



TABLE 2-1

Recommended Runoff Coefficients

Land Use Runoff Coefficient
Business
Downtown 0.70 to 0.95
Neighborhood 0.50 to 0.70

Residential

Single-family 0.30 to 0.50

Multi~units, detached 0.40 to g.60

Multi-units, attached U.60 to 0.75
Residential {ranch-type) G.25 to 0.40
Apartment (.50 to 0.70
Industriai

Light .50 to 0.80

Heavy 0.60 to 0.90
Parks and Cemeteries 0.10 to 0.25
Ptayyrounds 0.20 to 0.35
Railroad Yard 0.20 to .35
Uninproved 0.10 to 0.30

TABLE 2-2

Suggested Runoff Coefficients for Surface Types

tharacter of Surface Runoff Coefficients
Pavement
Asphaitic and Concrete 0.95
Brick .85
Roofs 0.95
Turf
Ftat, 0 to 1% 0.25
Average, 1 to 3% 0.35
Hilly, 3 to 10% 0.40
Steep, 10%+ 0.45
Cultivated Ground
Fiat, 0 to 1% 0.10
Average, 1 to 3% 0.20
Hilly, 3 to 10% 0.25
Steep, 10%+t 0.30

The coefficents in these two tables are applicable for a 10-year storm.
These coefficients are based on the assumpiion that the design storm does
nol occur when the ground surface is frozen or covered by meiting snow.
Tabie 2-3 presents correction factors to adjust the above runoff coefficient
for the 100-year storm.



TABLE 2-3

Frequency Factors for the Rational Formula

Recurrence Adjustment
Interval {years) Factor Cg
1o 1.00
100 1.25%

*CCp shoutd not exceed 1.0

Rainfall Intensity

Rainfall intensity. i, is the average rate of rainfall, in inches per hour.
intensity is selected on the basis of design frequency of exceedence, a
statistical parameter established by design criferia, and rainfall duration.
For the rational wmethod, the critical rainfall intensity is the rainfall
having a duration equal to the time of concentration of fhe drainage basin.

Rainfall intensity can be determined for the 10-year and 100-year return
periods from Figure 2-1. This figure was compiled from the National Oceanic
and Atmospheric Administration (NCAA) Technical Memorandum NWS HYDRO-35 and
the U.S. Weather Bureau Technical Paper No. 40. These curves are applicable
for durations from 5 to 120 minutes.

Time of Concentration

One of the basic assumptions underlying the rational method is that runcff
is a function of the average rainfall rate during the time required for
water to flow from the most hydraulically remote point of the drainage basin
to the point under consideration. Time of concentration is usually computed
by determining the travel time through the watershed. Overland fiow, storm
sewer or road guiter flow, and channel flow are the three phases of direct
flow commonly used in computing travel time.

Overland Flow

The travel time for overland flow consists of the time it takes water to
travel from the uppermost part of the watershed to a defined channel or
inlet of the storm sewer system. Qverland flow is significant in small
watersheds because a high proportion of travel time is due to overland flow.
The velocity of overland flow can vary greally with the surface cover and
tillaye. If the slope and Tand use of the overland flow segment are known,
the travel time can be read from Figure 2-2 or calculated using the
following equation:
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T = 1.87 (1.1 - cCcp)e0:5 §-0.33 (2-2)

where:

T = travel time, in minutes,

CCf = adjusted runoff coefficient;

L = Jength of overland flow, in feet; and
) = slope of flow path, in percent.

Times of concentration calculated for fully developed land use should not be
Tess than 5 minutes to avoid the oversizing of inlets, storm sewers, and
open channels.

Overtand flow length should not exceed 300 feet for developed areas or 1,000
feet for undeveloped areas before being intercepted by a defined channel or
storm sewer inlet. Beyond these distances use gutter flow or channel fiow
velocities based on Manning's Formula.

Storm Sewer or Road Gutter Flow

Travel time through the storm sewer or road gutter system to the main open
channel is the sum of travel times in each individual component of the
system between the uppermost inlet and the cutlet. In most cases average
velocities can be used without a significant loss of accuracy. During major
storm events, the sewer system may be fully taxed and additional channel
flow may occur, generally at a significantly lower velocity than the flow in
the storm sewers. By using the average conduit size and the average slope
(excluding any vertical drops in the system), the average velocity can be
astimated using Manning‘s Formula. Refer to Sections 3 and 7 for further
information on Manning s Formula.

Since the hydraulic radius of a pipe flowing half full is the same as when
flowing full, the respective velocities are equal. Travel time way be based
on the pipe flowing full or half full. The travel time through the storm
sewers is computed by dividing the Tength of flow by the average velocity.

Channel Flow

The travel time for flow in an open channels can be determined by using
Manning's formula to compute average velocities. Bankfull velocities should
be used to compute these averages. Channels may be in either natural or
improved condition.

Example 1
A model urbanized watershed is shown in Figure 2-3. Three types of flow
exist from the furthermost point of the watershed to the outlet. Compute
time of concentration (T¢) based on the following data:



Slope Length
Reach Bescription of Fiow Percent Feet

A to B Overland {park, C = 0.2}

500

7
B to C Overland {shallow gutter, C = 0.95) 2 900
C toD Storm sewer 1
{n = 0.015; diameter = 3 feet)
D toE Open channel, gunite, trape- 0.5 3,000
zoidal {b =5 ft; d = 3 ¥{;
= 1.78 ft; z = 1;
0.019 ft)

b 2,000

=
i

Figure 2-3 Urban Watershed

Compute the overland flow travel time.
Reach A to B (park). From Figure 2-2 for a slope of 7 percent, length
of 500 feet, and C = 0.2, read T = 19.7 wmin = 1180 sec.

Reach B to ( (street gutter). From Equation 2-2 for a siope of 2
percent, length of 900 feet, and C = 0.95, find T = 6.7 min = 400 sec.

Compute the storm sewer flow travel time.
Reach C to B, Use Manning's equation to compute full-pipe velocity.

v =149 d 2/3 i/2

»»»»» - S
n 4
v =149 3 2/3(0.,015) /2 = 10 ft/sec
0.018 &

T = length = 2,000 ft = 200 sec
velocity 10 Ti/sec

Compute the open-channel flow travel time,
Reach D to E. Use Manning's formula to compute bankfull velocity.
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1.49 p2/3 gl/2

v = ot il
n
n o= 0.019 for gunite channel
s = 0,005
v =1.49 (1.78) 2/3 {0.005} 1/2 = 8.14 ft/sec

0.019

T = length = 3,000 ft = 369 sec
velocity 8.T4 T{/sec

4. Summary

Description Length Velocity Travel Time
Reach  of flow _Lf) (ft/sec) __lsec)
AtoB  Overland 500 0.42 1180
B to C Overland 800 2.25 400
C toD Storm Sewer 2,000 10.00 2060
D tok Open Channel 3,000 _8.15 369
Total 6,400 2.98 (avg) 2149

Te = 2,149 sec = 36 min

6U sec/miin

2.20 Soil Conservation Service (SCS) Unit Hydrograph Procedure
Definition of Terms

The following definitions of terms are included to provide a better
understanding of the SCS unit hydrograph method.

Actual Retention, F:  Total of initial abstraction (Ia} and infiltration, in
inches.

PDuration, D:  Unit hydrograph storm time length, in hours.

Concentration Time, Te: Time for vunoff to travel from the hydraulicalily
most distant part of the watershed to the design point, in hours.

Design Storm:  Selected storm duration and recurrence intervai.
Dimensioniess Unit Hydrograph: A hydrograph made to represent many unit
hydrographs by using the time to peak and the peak discharge as basic units
and plotting the hydrographs in ratios of these units.

Direct Runoff, §: Volume of vrunoff resulting from precipitation (P} and
actual retention, in inches.

Drainage Area, A: The total area that contributes directly to surface
runoff, in square miles.
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Hydraulic Length (e): Distance from the hydraulically most distant part of
the watershed to the design point, in miles.

Impervious Area, I: The area within a basin through which water infiltrates
with great difficulty. Typical impervious surfaces include parking lots,
roads, and roofs.

Initial Abstraction, Iz: Volume of rainfall at the beginning of the storn
which does not appear as runoff, in inches.

Lag Time, L: Time from the widpoint of rainfall excess to unit hydrograph
peak, in hours.

Peak Discharge, q,: The maximum rate of runoff created by Q inches of
direct runoff, in gfs.

Potential Maximum Retention, S: Maximum volume of rainfall not contributing
to runoff due to depression storage and infiltration, in inches.

Runoff Hydrograph: The product of the unit hydrograph ordinates and excess
rainfall increments.

Stope, s: The average slope of the channel, in feet per mile. The
following relation may be used to determine average siope.

s = H
(0.8e)

where:

H = the difference in elevation between the 0.8e elevation
and the elevation at the point of study, in feet; and

e = length, in miles

Y: The stope in percent of the lTand of the watershed.
Storm Distribution: Rainfall time pattern for the selected storm duration.
Storm Duration: Actual duration of excess rainfall.

Time to Peak, Ty: Time from the beginning of rainfall excess to the peak
rate of runoff, in hours.

Unit Hydrograph: The hydrograph having a volume of 1 inch of runoff from
the corresponding unit hydrograph rainfall duration.

Destign Storm

Selection of the design storm will depend on a number of factors including:
1) the type of structure (small dam, road cuivert, storm drainage, etc.), 2)
the particular component of a structure being designed (principal spiliway,
emergency spiliway, etc.) , and 3) the population and hazard potential. The
design storm selection procedure contained in this manual represents a
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general procedure applicable to the various hydraulic elements of the
stormwater management system. Final design of structures may require
adherence to special design procedures and standards. One example are the
criteria set forth for small dams in Engineering Guide 1, Kansas State Board
of Agriculture (1982).

the design storm duration is set egual to 6-hours. For the selected storm
frequency, the rainfail depth is determined. Storm depths can be obtained

for periods less than 2 hours from Figure 2-1. Additional rainfall depths
are given in Table 2-4.

Table 2-4 Rainfali Depth Duration Frequency

Rainfall {inches)

Duration (hrs.) Storm Frequency (Yr)
10 100
2 2.8 4.1
6 3.4 5.1
24 4.4 6.0

The recommended time distribution of storm rainfall is the Kent
Six Hour Storm Bistribution presented in the USGS Report 78-974 for Wichita,
Kansas {Figure 2-4).
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Land Use Description/Treatment/Hydrologic Condition Hydrologic Soil Group
1/

Residential:~ A B € D
Average lot size Average % Imperviousy
1/8 acre or less 65 77 B85 90 92.
1/4 acre 38 61 75 83 87
1/3 acre 30 57 72 81 86
1/2 acre 25 54 70 - 80 85
1 acre 20 51 68 79 84
Paved parking lots, roofs, driveways, etc.y 98 98 98 98 2
Streets and roads:
paved with curbs and storm sewers-s-/ 98 98 98 98
gravel 76 85 89 91
dirt 72 82 87 89
Commercial and business areas (85% impervious) 89 92 94 95
Industrial districts (72% impervious) 81 88 91 93

Open Spaces, lawns, parks, golf courses, cemeteries,etc.

good condition: grass cover on 75% or more of the area 39 61 74 80
fair condition: grass cover on 50% to 75% of the area 49 69 79 84

Fallow Straight row - 77 B6 91 94
Row crops Straight row Poor 72 81 88 91
Straight row Good 67 78 85 89

Contoured Poor 70 79 84 88

Contoured Good 65 75 82 86

Contoured § terraced Poor 66 74 80 82

Contoured § terraced Good 62 71 78 81

Small grain Straight row Poor 65 76 84 88
Good 63 75 83 87

Contoured Poor 63 74 82 85

Good 61 73 81 84

Contoured § terraced Poor 61 72 79 82

Good 59 70 78 81

Close -seeded Straight row Poor 66 77 85 89
legumesd/ Straight row Good 58 72 81 85
or Contoured Poor ¥ 64 75 83 85
rotation Contoured Good 55 69 78 83
meadow Contoured & terraced Poor 63 73 80 83
Contoured § terraced Good 51 67 76 80

Pasture A ¥ Poor 68 79 86 89
or range Fair 49 69 79 84
Good 39 61 74 80

Contoured Poor 47 67 81 88

Contoured Fair 25 59 75 83

Contoured Good 6 35 70 79

Meadow Good 30 58 71 78
Woods or Poor 45 66 77 83
Forest land Fair 36 60 73 79
Good 25 55 70 77

Farmsteads ; - 59 74 82 86

l’mm numbers are computed assuming the runoff from the house and driveway is
directed towards the street with a minimum of roof water directed to lawns
where additional infiltration could occur.

-z—l‘me Temaining pervious areas (lawn) are considered to be in good pasture
condition for these curve numbers.

yln some warmer climates of the country a curve number of 95 may be used.
Y c1ose -drilled or broadcast.

Table 2-5 Runoff Curve Numbers for Hydrologic Soil-Cover Complexes
(Antecedent Moisture Condition II, and Iz = 0.2 S)
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Runoff Potential - Curve Number (CN}

The SCS uses an index calied the runoff curve number (CN) to represent the
combined hydrologic effect of the soil type, land use, hydrologic condition
of the soil cover, and the antecedant soil moisture. The CN indicates the
runoff potential of soil which is not frozen. Higher CN's reflect a higher
runoff potential,

The S5CS soil calssification system conssits of four soil groups which are
characterized as follows:

Group A:  deep sand, deep loess, aggregated silts
Group B: shallow Toess, sandy loam

Group C: «<lay loams, shallow sandy loam, soils low in organic content,
and soils usually high in clay

Group D:  Soils that swell significantly when wet, heavy plasic clays
and certain saline sotis

County so0il surveys made by the SCS districis give a detailed description of
the soils in a county. This is generaily the best means of identifying the
soil group.
The SCS cover classification includes three factors: 1) land use, 2)
treatment, and 3) hydrologic condition, The land uses are subdivided by
treatment practices (Table 2-5). The hydrotogic condition reflects the
tevel of tand management which are given as poor, fair and good.
Antecedent soil moisture has a significant effect on runoff potential (CN).
The SCS has developed three antecedent moisture conditions which are
descrihed below:

Condition I: soils are dry but not to wilting point

Condition {1: average conditions

Condition ITI: heavy rainfall, or light rainfall and low temperatures
have occurred within the last 5 days; saturated soils

Tabie 2-6 gives the seasonal rainfall limits for the three soil moisture
conditions.

Table 2-6 Seasonal Rainfall Limits and Antecedent Moisture Conditions

Total 5-day antecedent rainfall

AMC group
Dormant season Growing season
Inches Inches
I Less than G.5 Less than 1.4
Il 0.5 to 1.1 1.4 to 2.1
I11 Over 1.1 Over 2.1

2 - 1%



Table 2-5 provides curve numbers for different land uses, treatment, and
hydrologic conditions. The CN values are for soil moisture condition II.
Curve Number adjustments for soil condition I or Il can be made using Table
2-7.

Table 2-7 Curve Number Adjustment for Antecedent Moisture Conditions

CN for Corresponding CN for Condition

Condition II H 111
100 100 100
95 87 99
90 78 98
85 70 97
80 63 94
75 57 91
70 51 87
65 45 83
60 40 79
55 35 75
50 31 70
45 27 65
40 23 60
35 19 55
30 15 50
25 12 45
20 9 39
15 7 33
10 4 26
5 2 17
0 0 0

The antecedent moisture condition selected shall produce reasonable runoff
hydrographs for each specific design problem. The authors obtained
acceptable results for watersheds in Dodge City using AMC II for both 100-
year and l0-year frequency storms.

Excess Rainfall - Losses

The runoff volume {Q) depends on volume of precipitation {P) and the storage
retention volume. The actual retention is the difference bhetween tine
precipitation and runoff volumes. A volume of runoff, called the initial
abstraction (Iz) is that volume of precipitation at the beginning of the
storm which does not apper as runoff. The initial abstraction is a
combination of interception, infiltration and depression storage.

The potential maximum retention {S) is the maximum retention volume of the
spil. The SCS procedure assumes the initial abstraction is 20 percent of
the potential maximum retention:

T4 = 0.25 (2-4)
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A second equation relates the potential maximum retention (S) to the curve
number:

s = 1000 _ g
N (2-5)

Empirical studies resulted in the following estimate of the runoff volume:

g = (P-0.25)2
TPRUTES T (2-6}
the above relationships are wused to construct Figure 2-5 for the
determination of the direct runoff (Q). ©Note that two conditional
relationships apply to the occurrence of direct runoff. The first states
that no direct runoff occurs if the total rainfall does not exceed the
initial abstrction:

P =1y For direct runoff to occur (2-7)

Two additional relationships apply to occurrence of all  rainfall
contributing to direct runoff.

S > IgHF {2-8)
Fro= Pely-Q (2-9)
Substituing Eq. 2-9 into Eg. 2-8 yields:
5S> P-q Infiltration of rainfall occurs (2-10)

I¥ £q. 2-10 does not hold, the maximum potential retention has been equaled
and all the rainfall will then occur as direct runoff,

Lag Time and Concentration Time

Two basic equations are used in defining the shape of the unit hydrograph.
The first equation defines the lag time of the basin, L, or the time from
the midpoint of unit excess rainfall to the unit hydrograph peak, tp.

A United States Geological Survey Study (1978) evaluated the SCS synthetic
hydrograph wethod for computing flood hydrographs for urbanized drainage
basins in the Wichita, Kansas area. The study found that the calculated lag
time (SCS equation for Tag) consistenly exceeded the observed tag times.
Lag times calculated using an equation proposed by Putnam {1972) gave good
resutts. The report concluded that with this lag time modification, the SCS
method was found to be applicable to basins varying from slightly urbanized
to fully urbanized in the Wichita area.
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The Putnam equation is used to calculate the lag time for urbanized basins,
given by:

| \0-5  _g.57
0.49 \ "5/ (1) (2-11)

L =
where:

L = Tag time, in hours

I = length of main water course, in miles

s = channel slope, in feet per mile

I = ratio of impervious area to total drainage area

The SCS equation is used for rural basins given by:

L= (1)0-8(5+1)0-7
1900 (Y)0.5 (2-12)
where:
L= lag time, hours
1 = Tength of the mainstiream to farthest divide in feet
Y = average slope of watershed in percent
5 = 1000 - 10
CN

Ch = SCS Curve Number
For basins which have a swall amount of urbanization the SCS equation should
be computed in addition to Putnam's equation and the smailer value of the
two used to define the basin lag time.
A number of relationships are given for the dimensions of the SCS synthetic
unit hydrograph (Figure 2-6). The concentration time is related to the lag
by the equation:

T~ = 5 P
¢ 3 (2-13)

The time peak is related to the concentration time by:

To=2T
g c (2-14)

The time base of the unit hydrograph is given by:
Th = 5 Ty (curvilinear unit graph) (2-15a)

Ty = %_Tp {triangular unit graph) (2-15b)
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The duration of the unit hydrograph is given by:
D= 0.133 T; {2-16}

Peak Discharge

The second equation which defines the shape of the unit hydrograph is the
peak discharge, gp. The equation for qp, in ¢fs, is given by:

48480
where:
A = drainage area, in sguare miles

ff il

direct runoff, in inches
Tp = time to peak, in hours

Substituting £q. 2-14 into Egq. 2-17 yields an alternate form of the peak
discharge equation:

ap = T¢ (2-18)

where:

concentration time, in hours

H

Te

SCS Dimensionless Unit Hydrograph

The SCS dimensionless unit hydrograph was derived from a large number of
natural unit hydrographs from watersheds varying wideiy in size and
geographic locations. This dimensionless hydrograph (Figure 2-6) has its
ordinate values expressed in a dimensioniess ratio q/qy or Qu/Q and its
abscissa values as t/T,. By expressing the coordinates of the unit
hydrograph as ratios of the peak and time to peak the dimensionless
hydrograph can easily be modified by specific basin parameters to represent
a unit hydrograph for the watershed. The ratios for the dimensionless unit
hydrograph are given in Table 2-8. The curvilinear unit hydrograph has
37.5% of the total volume in the rising side which is represented by one
unit of time and one unit of discharge. This unit hydrograpn can be
represented by an equivalent triangular hydrograph having the same units of
time and discharge, thus having the same percent of volume in the rising
side of the triangle. The SCS unit hydrograph procedure is demonstrated in
Example 2.
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Example 2

Determine the peak discharge for a 1.94 square mile basin composed of
seventy percent residential (1/4 acre lot size) and thirty percent open
space {fair condition). Use the B Hydrologic Soil Group. Assume the basin
to be composed of thirty three percent impervious area. The hydraulic
length of the channel is 3.55 miles and has & slope of 57 feet per mile.
Use the 100 year storm and a Type Il soil moisture condition:

1. Compute the basin curve number. From Table 2-5 for Hydrologic Soil

Group B:
Residential, average Jot size 1/4 acre: LK =75
Open space, fair condition: CN = 69

Weighted CN:
CN = 0.7 (75) + 0.3 (69) = 73.2 yse 73
2. Compute the basin lag time and time of concentration:

From Eq. 2-11: L = (0,49)(3.55)0-5 (0.33)-9.57 = 0,63 hr.

From Eq. 2-13: Tg = % (0.63) = 1.05 hr. = 63 min.
3.  Compute the design storm total rainfall (P).

Using a design storm of 6 hours from table 2-4 the rainfall is 5.1
inches.

4. Compute the potential maximum retention {S) and initial abstraction

{Ig):
From Eq. 2-5: S = 1000 - 10 = 3.7 in.

From £q. 2-4: T, = (0.2)(3.7) = 0.74 in.

h. Compute the SCS unit hydrograph duration (D), time base {Tp)s and the
time to peak (Tp),

From Eq. 2-16:; D = (0.133}(1.05) = 0.14 = 8.4 min. (Use 10.0 min.}

From Eq. 2-14: Ty = (1,05) = 0.70 hr. = 42 min.

2
3

From Eq. 2-1554: Tp = (5)(0.70) = 3.50 hr. = 210 min.
6. Compute the unit hydrograph peak discharge (qp):

From Eq. 2-17: qp = {484){1.,94)(1) = 1340 cfs/in. direct runoff
0.70
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Compute the design storm distribution.

Columns one through five of Table 2-9 are constructed from Figure,
2-4, Figure 2-5 and a fotal rainfall depth of 5.1 in.

Table 2-8 Ratios for Dimensionless Unit Hydrograph
and Mass Curve

Time Ratios Discharge Ratios Mass Curve Ratios
(&/7p) {a/ay) (Qa/Q)

0 .C00 . 000

L1 .030 .00L

.2 L1100 .C06

.3 L1180 .012

A . 310 035

.5 Jhro 065

.6 660 . 107

T 820 163

B V930 228

.9 990 . 300
1.0 1.000 <375
1.1 L990 50
1.2 L5360 L5202
1.3 . 860 . 58¢
L.k LT8O . . 650
1.5 680 ‘ . TOO
1.6 360 L7514
1.7 el LT90
1.8 . 390 822
1.9 . 330 .8ho
2.0 280 BTL
2.2 207 .908
o) L1k 934
2.6 J107 953
2.8 LO7T 96T
3.0 <055 97T
3.2 Nollty .o8L
3.k .029 989
2.6 Neleat .993
3.8 .015 . 995
4,0 .011 997
k.5 .05 . 699
5.0 . 000 1.000
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Table 2-9, Design Storm Construction

Cumulativel Rainfall:? Cumulative3 Cumulatived Incremental
Time Px_ Rain Direct Direct
{min.) Pog (in.) Runoff (in.)  Runoff (in.)

10 0.000 0.0 0 0
20 0.014 0.07 0 0
30 0.022 0.11 0 0
40 0.031 0.16 0 0
50 0.040 0.20 §] 0
60 0.048 0.26 G 0
70 0.056 0.729 0 0
80 0.068 0.35 0 0
90 0.080 0.41 0 0
100 0.093 0.47 0 0
110 0.107 0.55 0 0
120 0.120 0.61 0 0
130 0.138 0.70 0 0
140 0.158 0.81 0.001 0.001
150 0.181 0.92 0.01 0.0]
160 0.217 1.11 0.03 0.0¢
170 0.311 1.59 0.16 0.13
180 0.663 3.38 1.10 0.94
190 0.736 3.75 1.35 0.25
200 0.788 4.02 1.54 0.19
219 0.820 4.18 1.66 0.12
220 0.843 4.30 1.75 0.09
230 0.863 4.40 1.82 0.07
240 0.880 4.49 i.89 0.07
250 (.895 4.56 1.94 0.05
260 0.908 4.63 1.99 0.05
270 0.921 4,70 2.05 (0.06
280 0.927 4.73 2.07 0.02
290 (.937 4.78 2.11 0.04
300 0.952 4.86 .17 0.06
310 0.963 4.91 2.21 0.04
320 0.972 4.96 2.25 .04
330 0.980 5.00 2.28 0.03
340 0.987 5.03 2.30 0.02
350 (.994 5.07 2.34 0.04
360 1.0600 5.10 2.36 (.02
2.36

Lstorm duration of 6 hours
2Fyom Fig, 2-4

3For rainfall of 5.1 inches
AFyom Fig. 2-5 or £q. 2-6

Note that runoff does not occur until the rainfall exceeds the initial
ahstraction (P- Ia). At 140 minutes, the rainfali (P=0.81 in.) just exceeds
the initial abstraction (13=0.74) and the direct runoff can be calculated
from £g. 2-6.

2 - 24



8. Unit hydrograph construction

Using the values of £ and q given in Table 2-8 and the computed values

T q
of Tp and gy (Tp = 4% nﬂ'n.,pqp = 1340 cfs per in. direct runoff), the
unit hydrograph ordinates are computed (Table 2-10). These points are

plotted on Figure 2-7.
Table 2-10, Ten Minute Unit Hydrograph

L t q_ q
Tp (min) 9p_... lefs/in)
0 g 0 0
0.1 4 0.030 40
0.2 8 0.100 134
0.3 13 0.190 255
0.4 17 0.310 415
0.5 21 0.470 630
0.6 25 0.660 884
0.7 29 0.820 1099
0.8 34 0.920 1233
¢.9 38 0.990 1327
1.0 42 1.000 1340
1.1 46 0.990 1327
1.2 50 0.930 1246
1.3 55 0.860 1152
1.4 61 0.780 1045
1.5 63 0.680 9il
L.6 67 0.560 750
1.7 71 (.460 616
1.8 76 0.390 523
1.9 80 0.330 442
2.0 84 0.280 375
2.2 92 0.207 277
2.4 101 0.147 197
2.6 109 0.107 144
2.8 118 0.077 103
3.0 126 0.055 74
3.2 134 0.040 54
3.4 143 0.029 39
3.6 151 0.021 28
3.8 160 0.015 20
4.0 168 0.011 14
4.5 189 0.005 7
5.0 210 0.000 0

Ty = 42 min.

qp = 1340 cfs/in.
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The unit hydrograph ordinates of Figure 2-7 are read at ten minuie intervals
and the final ten minute unit hydrograph ordinates tabulated in Table 2-11.

Table 2-11, Ten Minute Unit Hydrograph Ordinates

Time a
(min) {efs/in)
0 0
10 180
20 580
30 1130
40 1340
50 1250
60 1060
70 650
80 440
90 200
110 140
120 90
130 60
140 40
150 10
160 8
170 6
180 4
190 2
200 1
210 0

9.  Hydrograph Construction

The final hydrograph is obtained by multiplying the ten minute duration unit
hydrograph ordinates by the design storm rainfall values (direct runoff).
The process of convoluting the runoff hydrograph is shown in Table 2-12.

The peak discharge occurs at time of 230 minutes and is 1966 cfs.
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Section 3
Street Drainage

Streets serve an important and necessary drainage service even though their
primary function is for the movement of traffic. Traffic and drainage uses
are compatible up to a point, beyond which drainage must be subservient to
traffic needs.

Gutter flow in streets is necessary to fransport runoff to storm inlets and
to major drainage channels. Good planning of sireets can substantially help
in reducing the size of, and sometimes eliminating the need for, a storm
sewer system in newly urbanized areas.

3.10 Effects of Stormwater on Street Capacity

The storm runoff which influences the traffic capacity of a street can be
classified as follows.

A, Sheet flow across the pavement as falling rain flows to the edge
of the pavement.

B, Runoff flowing adjacent to the curb.
C. Stormwater ponded at low points.

0. Flow across the traffic lane from external sources, or
cross-street flow (as distinguished from water falling on the
pavement surface). :

[. Splashing of any of the above types of flow an pedestrians.

Each of these types of storm runoff must be controlled within acceptahle
1imits so that the street's main funciion as a traffic carrier will not be
unduly restricted.

the effect of each of the above categories of runoff on traffic movement are
discussed in the following sections.

Interference Due to Sheet Flow Across Pavement

Rainfall which falls upon the paved surface of a street or road must flow
overland as sheet flow until it reaches a channel. <Channels can be c¢reated
either by curbs and gutters or by roadside ditches. The direction of flow
on the street may be determined by the vector addition of the sireel grade
and the crown slope, which is eguivalent to drawing the perpendicular to a
contour line on the road as shown in Figure 3-1. The depth of sheet flow
will be essentially zero at the crown of the street and will increase as it
proceeds towards the channel. Traffic interference due to sheet flow 1is
essentially of two types: hydroplaning and splash.
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Hydroptaning

Hydroplaning is the phenomenon of vehicle tires actually being supported by
a film of water which acts as a lubricant between the pavement and the
vehicle. It generally occurs at speeds commensurate with arterial streets
and its effect can be minimized by achieving a relatively rough pavement
which will allow water to escape from beneath the tires by pavement grooving
to provide drainage, or by reducing travel speed.

Splash

Traffic interference due to splash vesults from sheet flow of excessive
depth caused by water traveling a long distance or at a very low velocity
before reaching a gutter. Increasing the street crown slope will decrease
both the time and distance required for water to reach the gutter. The
crown slope, however, must be kept within acceptable 1imits to prevent side-
slipping of traffic during frozen surface conditions and to allow the
opening of doors when parked adjacent to curbs. An exceedingly wide
pavement section contributing flow to one curb will also affect the depth of
sheet flow. This may be due to superelevation of a curve, off-setting of
the street crown due to warping of curbs at intersections, or many traffic
lanes between street crown and the gutter. Consideration should be given to
all of these factors to maintain a depth of sheet flow within acceptable
Timits,

Interference Due to Gutter Flow

Water which enters a street, either sheet flow from the pavement surface or
overland flow from adjacent land areas, will flow in the gutter of the
street until il reaches an outlet, such as a storm sewer or a channel.
Figure 3-1 shows the configuration of gutter flow moving dowh a street when
there is a storm sewer system. As the flow progresses downhill and
additional areas coniribute to the runoff, the width of flow will increase
and progressively infringe upon the traffic lane., If vehicles are parked
adjacent to the curb, the width of spread will have 1ittle influence on
traffic until it exceeds the width of the vehicle by several feet. However,
on streets where parking is not permitted, as with many arterial streets,
whenever the flow width exceeds a few feet it will significantly affect
traffic. Field observations show that vehicles will crowd adjacent lanes to
avoid curl Tlow.

As the width increases it becomes impossible for vehicles to operate without
driving through water, and they again begin to use the inundated tane., At
this point the traffic velocity will be significantly reduced as the
vehicles begin to drive through the deeper water. Splash from vehicles
traveling in the inundated lane obscures the vision of drivers of vehicies
woving at a higher rate of speed on the open lane.

tventuatly, if width and depth of fiow become great enough, the street will
hecome ineffective as a traffic carrier. During these periods it is
imperative that emergency vehicles such as fire trucks, ambulances, and
police cars be able to traverse the street by moving along the crown of the
roadway .



The street classification is also important when considering the degree of
interference to traffic. A local street, and to a lesser extent a collector
street, could be inundated with Tittle effect upon vehicular travel. The
small number of cars involved could move at a low rate of speed through the
water even if the depth were four to six 1inches. However, reducing the
speed of arterial traffic affects a greater number of private, commercial,
and emergency vehicles.

Interference Due to Ponding

Storm runoff ponded on the street surface because of a change in grade or
the crown slope of intersecting sireets has a substantial effect on traffic.
A major problem with ponding is that it may reach depths greater than the
curb and remain on the street for long periods of time. Another problem is
that ponding is localized in npature and vehicles may enter a pond moving at
a high rate of speed.

The manner in which ponded water affects traffic is essentially the same as
for curb flow; the width of spread onto the traffic Tane is the critical
parameter. Ponded water will often bring traffic on a street to a complete
halt. In this case, incorrect design of only one facet of an entire street
and storm drainage system will render the remainder of the street system
useless during the runoff period.

Interference Due To Water Flowing Across Traffic Lane

Whenever storm runoff, other than sheet flow, moves across a traffic lane, a
serious impediment to traffic flow occurs. The cross flow may be caused by
superelevation of a curve or a street intersection exceeding the capacity of
the higher gutter on a street with cross fall. The problem associated with
this type of flow is the same as for ponding in that it is localized in
nature and vehicles may bhe traveling at high speed when they reach the
location. If the velocity of vehicles is naturally slow and use is light,
such as on local streets, cross-street flow does not cause sufficient
interference to be objectionable.

The depth and velocity of cross-street flow should always be maintained
within such 1imits that it will not have sufficient Torce to affect moving
traffic. If a vehicle which is hydroplaning enters an area of ¢ross street
flow, even a minor force could be sufficient to move it laterally towards
the guiter.

At certain intersections the flow may be trapped between converging streets
and must either flow over one street or be carried underground. [If the
vehicles crossing the intersection are required to stop, then very little
hazard exists to the traveling public. This is the basis for the assumption
that valley gutters are acceptable across a Tlocal street where it
intersects another local or collector street. Another point in favor of the
use of valley gutters is the continuation of the grade of the dominant
street. If the crown of the local street is allowed to coincide with the
crown of the major street, the outside traffic lanes of the major street
will have a "hump" at the intersection.



Effect on Pedestrians

In areas where pedestrians freguently use sidewalks, splash due to vehicles
moving through water adjacent to the curb is a serious problem. It must also
be kept in mind that under certain circumstances, pedestrians will be
required to cross ponded water adjacent to curbs.

Since  the majority of pedestrian traffic will cease during the actual
rainstorm, less consideration need be given to the problem while the rain is
actually falling. Ponded water, however, remaining after the storm has
passed, must be negotiated by pedestrians.

Streets should be classified with respect te pedestrian traffic as well as
vehicular traffic. As an example, streets which are classified as local for
vehicles and Tlocated adjacent to a school are arterials for pedestrian
traffic. Allowable width of gutter flow and ponding should reflect this
fact.

3.20 Desigh Critera

Design criteria for the collection and transport of runoff on public streets
is based on a vreasonabie freguency of traffic interference. That is,
depending on the street classification, certain traffic Tanes can be fully
inundated once during the minor design storm return period. For example, a
Tocal street flow is allowed to cover the crown during a 10-year freguency
storm.  DBuring the 10-year perijod, lesser storms will oaccur which will
produce Tess runoff and will not inundate the entire street.

Planning and design for urban storm ruscff must be considered from the
viewpoint of both the recgularly expected storm ocCurrence, that is, the
minor storm, and the major storm occurrence. The minor storm will have a
frequency of one in 10 years. The major storm will have a vefurn period of
100 years. The objectives of the major storm runoff planning and design is
to eliminate major damage and Toss of life. The minor drainage system is
necessary to eliminate inconvenience, frequently recurring minor damage, and
high street maintenance costs.

Street Capacity for Minor storms
Determination of street capacity for the minor storm shall be based upon

pavement encroachment. The pavement encroachment for the minor storm shall
be Timited as set forth in Table 3-1.



TABLE 3-1
Alfowable Minor Storm Runoff Encroachment

Street Classification  Minor Storm Frequency  Maximum Encroachment

Lecal 1G-year No curb over-topping.* Flow
may cover crown of sireet.

Coliector, Arterial 10-year Mo curb over-topping.* Flow
spread must leave at least
gne lane (12 ft) free of
water for a two lane roadway
andg two lanes for a four lane
roadway.

*Where no curbing exists, encroachment shall
not extend over property lines except at

drainage  easements. Where double curb
exists, flow shall not overtop the lower
curb.

The storm sewer system should begin at the point where the maximum encroachment
is reached. Development of the major drainage system is encouraged so that the
minor runoff is removed from the streets, thus moving the point at which the
storm sewer system must begin further downstreanm.

Calculating Capacity

When the allowable encroachment has been determined, the gutter {that portion
of the street used to convey runoff) capacity shall he computed using the
modified Manning's formula.

Gutter cross sections usually resembie & triangular shape with the curb forming
the vertical leg of the triangle. The gutter may have a straight cross slope,
a cross slope composed of two straight Tines (V-shape), composite crass slopes
or parabolic sections for oider pavements.

The modified Manning equation is utiiized in triangular channels to better
describe the hydraulic radius of a gutter section. The Manning equation is
integrated across the section width. The equation in terms of cross slope and
width of flow on the pavement is:

1.67.0.5.,2.67
Q SV A

_ 056
n

where: Q = flow rate ft3/sec {(md/s)

T = width of flow {spread) ft {(m)

Sy= cress stope, ft/ft (m/m)

S = Jongitudinal slope, ft/ft {m/m)

The resistance of the curb face is negiected in the equation since the
resistance is negligible when the cross slope is 10 percent or Tess.



Figure 3-2 can be used for a direct solution of the above equation using
Manning‘s n value of 0.016. For other values of n divide the value of On by n.
Manning's n values for different street and gutter roughness conditions are
presented in Table 3-2. For the discharge of a composite cross sltope, use
Figure 3-2 and Figure 3-3.

Table 3-2
Manning's Roughness Coefficients
for Streets and Gutters

a. Concrete gutter troweled finish 0.012
b.  Asphalt pavement
{t) Smooth texture 0.013
{2) Rough texture 0.016

c. Loncrete gutter with asphalt pavement

(1) Smooth 0.013

{2) Rough 0.015
d.  Concrete pavement

(1} Float finish 0.014

(2) Broom finish 0.016
e, bBrick (.016
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Eo=Qw/0Q

Figure 3-3 Ratio of Frontal Flow to Gutter Flow
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Example

Gutter Carrying Capacity, Minor Storm

6" vertical curb

2'~wide by 2"-deep quiter

2% pavement crown slope

36" street width, curb to curb
Crown offset to 1/4 point for cross fall

Collector street
Street grade = 5%
Assume n=0.016

Capacity, each gutter.

Determine allowable pavement encroachment.

From Table 3-1, one lane must vemain open.
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Using Nomograph, Figure 3-2.
T=Tg =7 Ft.
Therefore Qg™ 2.1 cfs.

Using Figure 3-3 s
%.= 0.22 W o= 4,0

X

Therefore Eo = 0.62

Qt(totaﬂ ﬂ'g%ﬁz 5.53 cfs

Qy = Qt - Qg = 5.53 ~ 2.10 = 3.43 cfs

_rﬂ_

o
%
o
=

Using nomograph, Figure 3-Z2

. T =T =15 Ft.
Therefore Qg™ 18 cfs
Using Figure 3-3 S

=012 M o= 4,0
T Sy

Therefore Eo = 0.37
Q¢ = 25.4 cfs
Qy = 9.4 cfs
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Street Capacity for Major Storm
Determination of the ailowable capacity for the major storm shall be based
upon allowable depth and inundated area. The allowable depth and inundated
area for the major storm shall be limited as set forth in Table 3-3.
Calculating Capacity
When the allowable depth and inundated area as determined from Table 3-3,
the street capacity shall be calculated using Manning's Formula with an "n®
value appilicable to the actual boundary conditions encountered.
TABLE 3-3
Allowable Major Storm Runoff Inundation

Street Classification Allowable Depth and Inundated Areas

Local and Collector Residential dwellings, public, commercial,
and industrial buildings, shall not be
inundated at the ground Tine, unless
buildings are flood-proofed. The depth of
water over the gutter flowline, or street
centerline if crown is inverted, shall not
exceed 18 inches.

Arterial Residential dwellings, public, commercial,
and industrial buildings, shall not be
inundated at the ground iine, unless
buildings are flood-proofed. Depth of water
at  the street crown shall not exceed §
inches to allow operation of emergency
vehicles. The depth of water over the
gutter flowline, or street centerline if the
crown is  inverted, shall not exceed 18
inches.

Ponding

The term ponding shall refer to areas where runoff is restricted to the
street  surface by sump inlets, sireet intersections, low points,
intersections with drainage channels, or other reasons.

Minor storm

Limitations for pavement encroachment by pending for the minor storm shall
be those presented in Table 3-1, Allowable Minor Storm Runoff Encroachment,
These Timitations shall determine the allowable depth at inlets, gutter
turnouts, culvert headwaters, etc.

3 - 13



Major Storm

Limitations for depth and inundated area for Major Storms shall be those
presented in Table 3-3, Allowable Major Storm Runoff Inundation.

These iimitations shall determine the allowable depth at inlets, gutter
turnouts, culvert headwaters, etc.

Cross-Street Flow

Cross-street flow is classified into two general catagories. The first type
is runoff which has been flowing down the street in a gutter and when the
gutter capacity 1is exceeded the flow crosses the street to the opposite
gutter. The second type is flow from some external source, such a drainage

way which is intersecting the street, which will flow across the crown of a
street when the conduit capacity beneath the street is exceeded.

Deptn

Cross-street flow depth shall be limited as set forth in Table 3-4.

TABLE 3-4
Allowable Cross-Street Flow

Street Classification Minor Design Runoff Major Design Runoff

Local 6-inch depth at crown 18 inches of depth above
gutter flowline

Collector Where valley gutters 18 inches of depth
are allowed, depth of  above gutter
flow shall not exceed flowline
6 inches.

Arterial None 6 inches or less over crown

Capacity

Based upon the limitations in Table 3-4 and other applicable Tlimitations
(such as ponding depth), the quantity of cross-street flow shall be
calculated. Where allowable ponding depth would cause cross-street flow,
the Timitation shail be the minimum allowable of the two criteria.

3.30 Intersection Layout Criteria
The following design criteria are applicable at intersections of urban

streets. Gutter capacity limitations covered above shall apply along the
street, while this section shall govern at the intersection.
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Gutter Capacity, Minor storm
Pavement Encroachment

Limitations at intersections for pavement encroachment shall be as given in
Table 3-1, Allowable Minor Storm Runoff Encroachment.

Capacity

The capacity of each gutter approaching an intersection shall be calculated
based upon the most critical cross section.

a. Continuous Grade Across Intersection.
when the gutter flow will be continued across an intersection,
the slope used for calculating capacity shall be that of the
- gutter flow line crossing the street. (Figure 3-4,
Intersection Orainage).

b. Flow Direction Change at Intersection.
When the gutter flow must undergo a direction change at the
intersection greater than 45 degrees, the slope used for
calcutating capacity shall bhe the effective gutter slope,
defined as the average of the gutter slopes at 0 ft, 25 ft,
and 50 ft from the geometric point of intersection of the two
gutters. (Figure 3-4, Intersection Drainage;}.

c. Flow Interception by Inlet.

When gutter flow will be intercepted by an inlet on continuous
grade al the intersection, the effective gutter slope shail he
utilized for calculatiens. Under this condition, the points
tor averaging shall be 0 ft, 25 ft, and 50 ft upstream from
the inlet (Figure 3-4,  Intersection Drainage).

Gutier Capacity, Major Storm

Atlowable Depth and Inundated Areca

The allowable depth and inundated area for the major storm shail be limited
as set forth in Tabie 3-3.

Capacity

the carrying capacity of each gutter approaching an intersection shall be
calculated, based upon the most critical cross section,

The grade used for calculating capacity shall be as covered in Gutter
Capacity, Minor storm.

Ponding
Minor storm

The aflowabte pavement encroachment for the inital storm shall be as
preserted in Table 3-1.

3~ 15
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Major Storm

The allowable depth and inundated area for the major storm shall be as
presented in Table 3-3.

Cross-Street Flow
Depth

Cross-street flow depth at intersections shall be limited as set forth in
Tahle 3-4.
Capacity

Where cross-street flow will be conveyed across a local or collector street,
the cross-sectional area used for calculations shall be along the centerline
of the local street. The slope shall be the slope of the valley gutter at
that point.
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Section 4
Storm Inlets

The hydrauiic capacity of a gutter inlet depends upon its geometry and upon
the characteristics of the gutter flow. The inlet capacity governs both the
rate of water removal from the gutter and the amount of water that can enter
the storm drain system. Many costly storm drains flow at tess than desiygn
capacity because the storm runoff cannot get into the drains. Inadequate
iniet capacity or poor inlet location may cause flooding on the traveled way
which creates a safety hazard or at times interrupts traffic,

In addition to its hydrauiic function, the inlet is frequentiy located in or
near the path of venicular traffic. Water-borne debris and trash may be
deposited on the inlet causing complete or partial ciogging. Often freedom
from clogging and noninterference with traffic requires an inlet of a
specific type rather than the most efficient inlet from a hydraulic point of
view. For example, a curb-opening inlet might be used where a grate inlet
would be more efficient.

see Section 4.8 for definitions of symbols,
4.10 Intet Types

Gutter inlels can be divided into three major classes, each with many
variations. These classes are (1) curb-opening inlets, {2} grate iniets,
and (3} combination inlets (See Figure 4-1). Fach type of inlet shall be
instalied with a depression of the gutter and may be a singte or a multiple
inlet (two or more closely spaced iniets acting as a unit). Two identical
units piaced end to end are called double iniets.

A brief description of the inlet types follow:

L. Curb-opening inlets. These inlets consist of a vertical opening
in the curb through which the gutter flow passes.

2. Grate inlets. These inlets consist of an opening in the gutter
covered by one or more grates,

3. Lombination inlets. These units consist of poth a curb-opening
and a grate inlet acting as a unit.

4,20 Intets on a Grade

The term inlet capacity is used here to mean the catch of the inlet under a
given set of conditions vrather than the maximum water that can be
intercepted by the iniet if the discharge is increased without 1imit. The
efticiency of an inlet 1is the discharge intercepted hy the inlet, (1,
divided by the flow in the gutter, Q. The discharge that bypasses the
inlet, Qe, is terwmed carry-over,






A major factor in the capacity of a curb-opening inlet is the depth of water
in the gutter imnediately adjacent to the opening. The capacity of an
efficient grate inlet depends principally upon the quantity of water flowing
in the section formed by projecting the grate width upstrean. Thus, an
increase in “longitudinal slope reduces finiet Capacity {except for some
grates or where deflectors are used) while an increase in transverse (cross)
slope increases inlet capacity. Increase in length of a curb-opening iniet
and increases fin width of a grate opening increases the capacity of the
intet. For grate inlets, the efficiency of the grate opening is an
important factor in intet capacity.

For a curb-opening inlet, depressing the gutler increases the capacity of
the infet. 7The amount of the depression has more effect on the capacity
than the arrangement of the depressed area with respect to the inlet.

Most investigators have pointed out that the capacity of an inlet is greatly
increased by allowing a small percentage of the flow to bypass the inlet.
For o given gutter discharge, the catch of each additional increment of
widtn (grate inlets) or length (curb~opening inlets) becomes rapidly less.
Thus, the cost of catching the small amount of fiow near the tnin edge of
the tiriangutar flow channel approaches the cost of catching the greater
awount flowing nearer to the curpd.

4.30 Comparison of Inlet Types

A curb-opening iniet generally requires a larger structure than a grate
iniet of equal capacity but the curb opening is Tocated back of the curb
Iine and offers 1ittle interference with roadway traffic.

Figure 4-2, plotted from data in Reference 2, gives a comparison of the
capacity of several inlet types at about the maximum cross slope recommended
for low-type surfaces. These curves are for an inlet efficiency of 95
percent and apply to a particuiar condition. They are presented for
reference in the discussion which follows and should not be used for design
curves,

An undepressed curb-opening iniet (Curve 1) has less capacity than a
depressed curb-opening inlet {Curve 2). Lurb-opening inlets iose capacity
rapidiy with increase in longitudinal grade. Grate inlets generally ifose
capacity with increase in grade but Lo a lesser deyree {Curve 5). A very
efficient grate designed at Johns Hopkins University (Curve 4) gains in
Capacity with fincrease in grade. Deflector vanes (Curve 3} increase the
capacity of curb-opening iniets with increase in grade. A combination inlet
Lurve o) without depression has slightly greater capacity than the grate
inlet alene (Curve 4). Changes in cross slope affect the capacity of a
curb-opening inlet much more than the capacity of a grate inlet.

The choice of iniet cannot always be made upon capacity aione. Debris
carried by the gutter flow and interference with vehicular traffic must also
be considered. Curb-opening inlets are relatively free of debris cloyging
while grate inlets have a tendency to clog and might ciog comptetely where
debris is a problem. Combination inlets are belter than grate inlets alone



INTAKE CAPACITY
AT 95 PERCENT CAPTURE OF GUTTER FLOW

Manning's n = 0.013 Cross slape = 0417 ft per ft
Curve 1 Curb Opening, no depression L=10 ft

Curve 2 Curb Opening, 2-1/2-inch depression,L=10 ft
Curve 3 Curb Opening, 3-ft-wide defiector, L=8.33 ft
Curve 4 Grate, no depression, W=Z.5 ft, L=2.5 ft

Curve b5 Grate, 2-1/2-inch depression, W=2.5 ft,L=2.5ft
Curve 6 Combination, no depression

Curve 7 Combination, 2-1/2-inch depression
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where debris is prevalent. From a water quatity standpoint, the elimination
of debris from the storm sewer system can be achieved by the use of grate
inlets.

Grates with bars paraliel to the Flow, while much more efficient
hydraulicaily, are hazardous to bicyclists if spacing between bars is wide.
Curb-opening inlets with vertical openings greater than 5 inches create a
potentiai hazard to pedestrians. The Johns Hopkins tests found that a few
small rounded crossbars instalied at the bottom of the longitudinal bars as
stiffeners or as a safety stop for bicycle wheels, did not materiaily affect
the capacity of the grate,

4.40 Grate Inlets

trate intets are best suited for areas wiere traffic does not travel close
to tie curb and where clogging with debris is not a problem. When the
longitudinal grade exceeds about one percent, grates with rectangular
longitudinal bars (paratlel to flow) are much more efficient than grates
with transverse (normal to flow) reciangular bars. As the grade increases,
longitudinal bar grates become increasingly superior to transverse bar
grates both in regard to interception of fiow and decrease in tendency to
catch debris. For example, the Johns Hopkins test found that on a 10
percent street grade with cross siope 1:18 and gutter fiow of 3 cfs, a
gutter intet with longitudinai bars intercepted 2.7 cfs as compared with 1.9
cfs interception by a grate with transverse bars. However, some cross-bar
grates of special design with bars curved in the vertica) plane have been
found in manutfacturers tests to intercept wore of the flow than longitudinal
bar grales. A direct comparison between manufacturer's tests and those
reported in the references cannot be made because of differences in testing
conditions, In general, an unclogged, efficient, grate inlet on a
continuous grade will intercept all water flowing within a width equal to
that of the grate.

For an efficient grate infet, all rectangular bars should be parallel with
the fiow and the openings should cover at least 50 percent of the width of
tire grate. The clear length of the opening should be sufficient to allow
the water to fall through the openings without siriking the far end of the
yrate. The required clear length of the bar (Lp) can be computed by the
experimentally determined formula:

Ly =V (d+ db)().ﬁ {4~1)
2

whare:
Ly = length of cilear opening of grate, in feet;

V= mean approach velocity in the width of the grate opening, in
feet per second;



d = depth of flow at the curb, in feet; and
dp= depth of the bar, in feet.

Figure 4-3 is a graphical solution of the above equation for pavement with
roughness coefficient n = 0.015 and depth of bar 3-1/2 inches. The effect
of gutter slope on the length of clear opening needed for an efficient grate
is shown by Exampie 1.

Example 1

Given: Pavement and gutter cross slope, Sy = 1/4 inch per foot {0.024
foot per foot); 2-foot concrete gutter; n = 0.0i5; allowable
spread on pavement, 6 feet (total width of gutter, 8 feet); depth
of yrate bars, 3-1/2 inches.

Find: Length of clear opening of grate bars required for an efficient
grate when longitudinal slope (Sy) is one percent; 10 percent.

Solution:

1. Use Figure 4-3. On upper left diagram for T = 8 feet move
horizontally to Sy curve, G.0Z1.

2. From intersection in Step 1 move vertically downward to Sy curve,
0.021 in feft center diagram.

3.  From fintersection in Step 2, wmove horizontally to the right
diagram and read L on the bottom scale. At the intersection of
the curve for Sy = 0.01, iLp=l.1 feet, and at the intersection of
curve for Sg = 0.10, Lp=3.0 veet.

Example 1 shows that as the gutter siope varies so does the length of clear
opening required for 100 percent interception of the water approaching the
intet within the width of the grate. A practicai solution might be the
adoption of several grates with different lengths of clear openings. FEach
length of grate would have a range of slopes for which it would be the most
appropriate grate to use. If the length of clear opening is Tess than given
by the above equation, some of the gutter flow will pass directiy over the
grate without being intercepted and add to the flow bypassing the grate.

Capacity of Grate [nlets on a Continuous Grade

The capacity of an undepressed efficient grate iniet can be determined by
computing the flow in the section occupied by the grate width.

For straight-1ine sections, the flow intercepted by an undepressed efficient

grate can be computed as explained in Figure 3-2. Example Z iltustrates the
procedure.
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Given:

Find:

Solution:

i,

fda]

Example 2

Q = 1.5 cfs; pavement cross stope, Sy = 1/4 inch per foot; n =
0.016; longitudinal siope = 2 percent; grate inlet, 30 inches wide
by 24 inches iong; depth of longitudinal bars, 3 inches; no cross
bracing; 60 percent clear opening.

Spread on the pavement and the discharge 1ntércepted by the grate
inlet,

Figure 3-2, lay a straight end on $=0.02 and 5¢=0.021. Mark
intersection on the turning Tine.

T o]
fe - Ts —l
d4Qw | Qs Wﬁ_ﬁﬂrﬁrfmﬂ
LS

Lay straight end on turning point and (=1.5 cfs.
Spread or T = 7.2 ft.

Depth of flow at curb = d = TS,
d=0.021 {7.2) = 0.15 ¢

Depth of flow at outward edge of grate {W=2.5 ¥t}
dy = (T-W)Sy 5 (7.2-2.5) 0.021 = 0.10 ft.

From Figure 3-2 using composite sections in which $,75,=0.021 and
= Tg=4.7 Tt; read Qg = 0.48 cfs

Qw = O~y
1.5 - 0.48 = 1.02 cfs, provided that the grate is efficient.

1]

The grate has the necessary requirements for efficiency (Section
4.84) if the clear opening Ly is sufficient. The mean velocity in
the 2.5-foot section over the grate equals the discharge over the
grate divided by the area of the section (0.15 ft. deep at the
curb and 0.10 Tt. deep at the outer edge of the grate, and a width
of 2.5 ft).

Vo=1.02 cfy = 3.3 fps
U310 2

The clear opening required by equation (4-1) is

Lp = %ﬂ(d+db)0.5 - 33 (0.1540.25)0-% = 1.0 ft



The grate opening, 2.0 feet, exceeds that reguired; therefore, the
grate is efficient.

The 2.5-fcot grate intercepts 68 percent of the total flow,
1.02/1.5 = 0.68, in Exampie 2. To intercept 100 percent of the
flow a yrate 7.2 feet wide is required, almost three times the
width required for 67 percent interception.

Ordinarily, the width of the grate remains constant and the spacing of
inlets are varied to limit the spread on the pavement to the desired
gquantity. The calculations for determining the discharge for 100 percent
interception by a given grate are shown in Exampie 3.

Example 3
Total Interception by Undepressed Grate
Given: The same conditions as in Example 2.

Find: The gqutter flow {(Q) that would be totaliy intercepted by an
efficient grate intet, 30-inches wide.

Solution:

1.  The spread on the pavement {T) is limited to the grate width (2.5
feet) for 100 percent interception.

d = 7S, = 2.5 {0.021) = 0.05 ft

Z. Using figure 3-2 and composite section flows with T = W = 2.5 ft.,
S = 6.02 and 5S¢ = 0.021 the intersection of the flow line is off
the graph. Using the equation:

Q = 0.56 Sx,i,.6750,5-r2n67
n

Qy= 0.09 cfs

Examples 2 and 3 show the advantage of designing grate inlets for partial
interception. For 100 percent interception under the conditions of these
examples, the grate width would have to be tripled, or about 17 separate 30-
inch grate inlets, each intercepting 0.09 cfs, would be required.

For composite straight-line gutter sections, the flow intercepted by an
undepressed efficient grate is computed as explained in Figure 3-2.

Capacity of Grate Inlets in a Sayg

A grate inlet in a sag operates first as a weir having a crest length
roughly equal to the outside perimeter {P) along which the flow enters.
Bars are disregarded and the side against the curb is not included in
computing P. Weir operalion continues to a depth (d) of about 0.4 feet



above the top of grate and the discharge intercepted by the grate is:

Gy = 3.0 pd 1.5 (4-2)

where:

Qi = rate of discharge into the grate opening, in cubic feet per
second;

P = perimeter of grate opening, in feet, disregarding bars and
neglecling the side against the curb; and

d = depth of water at grate, in feet.

When tae depth at the grate exceeds about 1.4 feet, the gyrate begins to
operate as an orifice and the discharge intercepied by the grate is:

Qi = 0.67A (2gd) 0.5 = 5.37ad U.5 (4-3)
where:

Qi = rate of discharge into the grate opening, in cubic feet per
second;

A= clear opening of the grate, in square feet;
g = acceleration of gravity, 32.2 feet per second?; and
d = depth of ponded water above top of grate, in feet.

detween depths over the grate of about 0.4 feet and aboyt 1.4 feet the
operation of the grate inlet is indefinite due to vortices and other
disturbances. The capacity of the grate is somewhere between that given by
the above equations.

Because of vortices and the tendency of trash to collect on the grate, the
clear opening or perimeter of a grate intet should be at teast twice that
required by the equations in order to remain below the design depth over the
grate. Where the danger of clogying is stight, a factor of safety Tess than
two might be used. If & combination iniet is used, the grate need only be
as large as given by the equations because the curb opening provides the
safely factor from ciogging.

These equations are soived graphically with Figure 4-4. The dashed lines on
this Tigure represent the range where neither weir nor orifice operation is
fuity effective. Lxampie 4 illustrates the procedure,

Example 4

Given: Grate inlet, 2 feet by 2.5 feet with 50 percent cilear opening,
located in a sag with one 2-foot side against the curb.
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Find:
i.
2.
Solution:

1.

o

i

Depth of water when {§ = 0.9 c¢fs; and

i

Depth of water when § = 20 cfs.

Lompute perimeter of grate opening (P) dgnoring the bars and
omitting any side over which the water does not enter, such as
when one side is against the face of a curb. Divide the result by
Z to allow for partial ctogging of the grate.

P=2+2.5+2.5=7.0 feet

Effective P = 7 = 3.5 feet
2

compute g_ratio, using effective perimeter.

{1) 0.9 = 0.26

3.5

(2) 20 = 5.71

4

[¥%]
{82

Compute the total area of clear opening (A), excluding area taken
up by bars, and divide by 2 to allow for partial clogging of the
grate.

Clear opening = .50 (2 x 2.5} = 2.5 square feet

Effective area = 2.5 = 1.26 square feet

2
Compute Q ratio, using effective area
A

(L) 0.9 =0.72

L.2b
(2) 20 = 16.0

1.75
Enter Figure 4-4 at the abscissa, using curve A with § values

P

values up to 3.0 feel and curve B with § values above 3.0

A
feet, and read the depth, in feet, of ponding over the grate.
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(1) When Q = 0.9 cfs, Q = 0.26 and Q= 0.72,
P A
using Q and curve A, d = 0.20 feet.
p

(2) When Q = 20 c¢fs, Q = 5.71 and Q= 16.0

A

<

Using Q and curve B, d = 8.9 feet
R

I the grate has appreciable cross slope so that the side away from the curb
is higher than the curb side, the inflow over the side should be determined
separately from that over the ends. In weir control, use the depth at the
middle of the grates for end inflow and the depth away from the curb for
side inflow.

4.50 Curb-Opening Initets

Lurb-opening inlets are used in many locations because they offer littie
interference to traffic and are relatively free from clogging by debris,

The curb-opening intet discussed in this section is Nustrated in Figure 4-
5. It has a depression beginning W feet away from the curb and dropping 1
inch per foot helow the plane of the pavement. Transitions at the two ends
extend W feet from the end of the opening. Yhe height of the opening need
not be more than 4 dnches since the water surface draws down as it
accelerates on the depression apron. The opening should not exceed 5 inches
in height in order to prevent a potential pedestrian hazard. The equations
given apply only if the cross section of the street has a uniftorm slope to
the face of the curb.

Capacity of Curb-Upening Iniets on a Continuocus Grade

The operation of a curb-opening inlet on a grade 1s usualty described in
teris of the ratio of the flow intercepted Qi to the approach flow O which
extends a distance T from the curb face. Q;/Q can be defined in a
dimensioniess plot against Li/(F,T) where Li Ts the Tlength of the inlet
openring and Fy is the Froude Number related to the depth of the approach
flow at a distance W from the curb (See Figure 4-6.) This is along a line
at the outer edge of the inlet depression. The Froude Number is a ratio of
the kinetic energy to the gravity force acting on the flow in the gutter.

Figure 4-6 1s drawn for a cross stope, Sy = 0.015% and W = 2 ft. Note that
Qi/Q = Li/Ly up to the point where the parameter Li/F,T = 0.4. Beyond that
point the relationship changes abruptly to a curved line for which Qi/Q =
(Li/L3)0-4. Ly is the value of Lj where the straight line intersects Qi/Q =
1.0, whilte Lz is the value of Li where the curved line intersects Qi/Q =
1.0. 'Lp is the value of L; at the breakpaint between the straight and
curved tines,

From the diagram, it is apparent that if we know the value of Ful and Lj,
the value of Qi/Q can be found from the ordinate scale. Remember that this
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diagram is for specific values of Sy and W. The position of the Sy line
varies with these variables in accordance with the eguations on Figure 4-6
while the position of the curved line remains fixed. Solutions for Gi/Q may
be read from Figure 4-7 for W = 2 feet or wmay be computed using an
electronic caiculator and the eguations tabulated in the examples in Table
4-1. This Table also gives the equations for Fy and Q in terms of the
cross-section variables.

Use of Figure 4-7
An example in dotted lines iltustrates the use of Figure 4-7. The depth of
flow dy in the street section at a point W ft from the curb face is the
starting point.

1. Enter with Sy (T-2) at top.

2. Follow down to line for n, normally 0.0i6.

3. Move across to longitudinal siope, S.

4, Follow down to spread, T; this establishes a horizontal Tine.

o

If Q;/Q is given, enter with Q3/Q {upper right) follow across lo
Limit Line A, or line for Sy, whichever is intersected first.

6. Move down to Tower margin (Q4/Q = 0.1) and then diagonally to
intersection with line from Step 4.

7. foliow down to length of inlet, L.

8. The horizontal line can Dbe extended to line Lz for 100%
interception, then down to L3.

g, If length of inlet is given, enter with that length, move up to
horizontal line established in Step 4, diagonally to Qi/Q = 0.1,
then vertically to Sy {or line A) and across to Q5/Q.

Composite Section

[t is a common practice to build gutters with steeper cross slopes than the
pavement. This increases the depth of flow at the curb and the discharge
for a given spread. Assuming that the width of the gutter is the same as
the width W of the inlet depression, it is probable that the increment in
flow caused hy the steepened gutter cross sltope will be picked up by the
inlet. On that basis a family of curves has been caiculated by the method
given in Figure 3-2 to give the ratio of the increased flow to the flow in
the straight section in Figure 4-8. To use this figure, first estimate Q by
methods described previously, then, knowing Sy and T, read Qi/Q on the
ordinate scale and muitiply by ( to obtain the increment in discharge to be
added to Q4.
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Explanation of Operation of Inlet

It may be helpful to discuss the physical significance of the dimensionless
curves in Figure 4-6. If we think of Fy,T as a constant for a given case of
flow, then the abscissa scale is the length of inlet divided by that
constani. We could recalibrate the scale to read directly in feet for inlet
fength. For short iniets, up to the length Ly where the curve breaks, the
inlet is acting as a weir. In fact, the flow intercepted is practically the
same as would he intercepted by the same iniet at a sump, using the modified
weir equation for that case. The major part of the flow is intercepted {60%
or more depending an Sy) up to the length Lp. For greater lengths of inlet,
the remainder of the flow moves in gradually as indicated by the lesser
increments of (4 as length increases.

Computation by Electronic Calculator

For those who prefer using an electronic calculator, Table 4-1 illustrates
the seguence of steps. As a rule, the designer will be working with a
standard inlet and cross section for which Sy, n and W are fixed. The
heading Equations (1), (2), and (3), taken from those in Figure 4-6, reduce
to the numerical coefficients in the heading of Columns (9}, (10}, and (11).

On the first Tine, Inlet 1, the designer 1is to find the inlet length
required for 100% interception on a 1% grade with T = 10 ft. The starred
numbers represent the required criteria. Column 3 is used if there are a
succession of grades for which @ is computed by Equation (5). Similarly
Column 6 is for Fy computed by Equation (4). Multiplying Fy¥ in Column 8 by
the coefficients in  the headingc of Coiumns 9, 10, and 11 gives
characteristic lengths Ly, Lp, and L3. As stated Qi/Q = ij so Qi in Column
13 equals Q. Qo/Q for the standard conditions is simply 0.462/ 0.770 =
0.600, as rccorded in the heading for Column 14. Either Cotumn 15 or Column
16 s used to record L4 depending on whether Q3 Gp or (2 (or in the case
where Ly is. given, Ly Lo or  Lo). In this case O Qp, so Ly is
computed by Equation (8). Since Q1/Q = 1, then Ly/Lg = 1 and L = 20 as
taken from Column 11. Actually, for 100% interceplion one may go directly
from Column 11 to Column 16. Column 17 records the selected length Lq,
usually as a multiple of 2 feet depending on design standards. In the next
example the computed Tlength 11.4 becomes 12. If desired Qi can then be
recomputed by Equation (7) or (8) in Column 18 and subtracted from { to give
the carry-over discharge QGe.

In the next three examples the independent variables are the same as the
first example except that Qi/Q = 0.8. For inlet 1, the reguired length
reduced to 12 feet with Qp = 0.44 cfs. Assuming the increment in runoff for
the next subwatershed is the same as for inlet 1, the second inlet wiil then
have G = 2,39 + (.44 = 2.83 cfs. This reguires a recomputation of T as
(2.83/2. 39)3/810 10.7 feet in accordance with Equation (5)}. L3 changes
slightly to 20.7. It is now assumed that the same size of inlet will be
used again, so Q;/Q is computed as (12/20..1)O°4 = (.81 making Q = .81
(2.83) = 2.30 cfs and Qp = 0.53 cfs. For inlet 3, again using 12 ft, the
adjusted value of T becomes 10.8 and L3 = 20.3 wh1ch leaves QT/Q 0. 81 and
Qi = 2.37 cfs, The flow intercepted has now become substantiaily equal to
the increment in runoff for the intervening watershed.

4 -~ 16



L1-¥

Table 4-~1

Computations for Curb - Opening Inlets

0.3 - - - 3 PR R B
(1) L=2.495s F ol (4) F, = 16.4 [(5-2) s 10 12 (R S H
s} i} L}
STANDARD - i <813 U2 (8) o =/1.N\0.3
SECTION (2) Ly = 3.27 8¢ 0 FyT (5) Q=355 °/3 1 8/35 1208157775, LI
Z X G !
W=7 ft. fey i o - 7 3/8 ,
z 3} Lg = 1.85 F,T (6} 7T = 0 -5/8 _
n=0.01% ' 3 & —_— 5 =3.04 { g /8
5,70.02 [ 355 12 * (\ iy
s579
2 Fo Ly (fel)
INETE S /2 0 T 177 Fo | FuT | L1 Lz Ly 0; 0, Q Q; <0 §:20; USE ACT. G-0;
ND. 5 S : ! 2 b f L 9
770 1.462 | 1.65 T g Li<lz § L1 1 N =Q,
{cfs.Micfs.)| £Fs.) {F.) P{ft.] (fr)} ) el £fs) | 600 ffr.) kfs) {fs)
fs)
(1y 1 {231 {3) 1 {4) & {53 i (63 1 (7).i (8) |{¢} 1 (10)1 (113 1 (12} [ {33) | (14) (15} | _{16) {17) (18) 1 (193
B1[23.9 1 7.38 0. 0x 117, 1 1Y R VIR 83T R 30,0 1.0 %1 2.30 |1.43 20.0 70.0 2.3 D
T | 010759 123 i00-115.7 | 12y Vizoil (8.3 1 5.8 | 20.0 6.80% 1,91 |1.43 | ii.4 iz.n | 185 oA ]
7 2.83 110.7 i12.2 | 1.2¢ J1¢.2 1 6.4 5.6 120.1 6.81 12.26 {1.70 11.9 12.0 2.30 | 0.53
L3 12.%7 0.8 1.3 1323 123 fe s V57 | 2003 1081 P27 16 1T RSN 12.0_ 13T ThEs
3 aiternate i ) o e 89 e 329,00 12,50 ¢ 0.02
4 1 .03123.9 14.14 130,90 2.9 | 2.p4 {22.4 37,2 1i0.3 | 37.0 0.58 1 2.40 {2.48 | in.0* | 1.0 1 2,40 | 1.74
4 alternate 1 I R 0.807% 3.31 21.1 22.0 3.36 0.7/8
4 alternate 2 10,65 15.0 | ] 2,85 [10.250 1 ] 165§ 0.80% 052 jo.as {0 p e D 053 19012
(Sae text for seguence of computations) One foot is 0.3048m One cubic foot it 0.0283m3

* Required criteria



Supposing that Inlet 3 s just above an intersection making carry-over flow
undesirable, the ¢third inlet may be increased to 20 ft to intercept
practically all the TTlow.

If 0.55 cfs can be allowed Lo pass by Inlet 3, then a cost saving with three
12-ft inlets can be realized by assuming Ui/Q = 0.80.

In Inlet 4, it is assumed that a 10-ft inlet is to be used and /G is to be
found.  In this case L1 = L so Equation (7) is used., For alternate 1, the
fength for §4/Q = 0.8 is to be computed.

For Inlet 4, alternate 2, the problem is to find T which wouid enable the
10-ft inlet to intercept 80% of the flow. This would tell how far upstream
the inlel would have to be moved to rcduce Q to that amount. In this case
(10/L5)9-4 = 0.80 so Ly = (1/0. 80)2:510 = 17.5 which must equal 1.65 F,T.
Therefore F 1 = 17.5/1.65 = 10.6. As a first trial assume Fy = 2.2 making T
= 10.6/2.2 = 4.8. Substituting this T in Equation (4) we find Fy = 2.03. A
second trial with Fyy = 2.1 yields T = § and gives a compu%ed ngn 2.05 wh%€n
is close enough. Taking T = 5 by Equation (5), Q = 0.515(5)8/3 0.031/2 =
0.65 cfs. This 1is an absurdly small discharge, demonstrat1ng that a 10 ft
inlet is ineffective on a 0.03 grade. Rather than moving the inlet that far
upgrade, it would obviously be more economical to go to a 22-ft iniet at the
eriginal location and save the extra length of pipe.

Checking for Greater Storms

In checking drainage systems for performance with storms gred%or Lhan The
design storm note thal the spread on the pavement increases as Q 3/8 other
variables remaining constani. Thus, if runoff is doubled, spread increases
only 23/8 or 1.3 times. Assuming the inlet has been designed for Q4/Q =
0.80, this would reduce to about 0.7 but Gy would increase about (0.7/0.8)2
= 1,75 times., One would then have tTo chack the pipe capacity and
particularly the head loss entering the pipe Lo see if the greater Ui could
be accepted. Depending on consequences of street flooding, consideration
might be given to increasing the pipe capacity.

Capacity of Curb-Opening in a Sag

The capacity of curb-opening iniets in a sag depends upon the depth of water
at the inlet and the inlet geomelry. The inlel operates as a weir until the
water submerges the entrance. When the water depth exceeds about 1.4 times
the height (h} of the curb-opening entrance, the inlet operates as an
orifice. Between weir-type operation and orifice-type operation the
capacity is indeterminate. Figure 4-9 gives the minimum height (hy) of
opening required for weir type operation. If the opening height {h) equals
or exceeds hy, Figures 4-10 to 4-12 will give the depth of ponding measured
al the curb, Jjust above the depressed area. The use of these charts is
explained in Example 5.

Figures 4-10 thru 12 are based on experimenis made at Coleorado State
University and apply lo depressed curb-opening iniets with a height of
opening equal or exceeding the appropriate hy from Figure 4-9. When the
inlet 1s not depressed, the approximate capacity can be computed by the weir
equation:
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Qy =

3.0 Ljd;L.5 (4-4)
where:

Q5 = capacity of the inlet, in cubic feel per second;

dy = depth of water above inlet iip, in Teet; and

L5 = length of ciear opening, in feet.

When the depth alt the opening exceeds 1.4 h, the capacity may be computed by
the equation:

Q4 = 0.67A 2g (dj - h) 0:5 (4-5)
pa
where:
A = area of opening, in square feet (hij); and

Given:

Find:

Solutton:

1.

h

h

height of opening, in feet.

Exampie §

A curb-opening inlet in a sag; pavement cross slope 0.03;concrete,
broom finish (n = 0.016); depression, width = one foot, amount
one-inch; height of inlet opening = 0.50 feet; design discharge
from both sides of the iniet, Q = 2 cfs, Qp = 8 cfs; total Q = 10
cfs.

Maximum depth of ponding (dmax) for Ly = 5 feet, 10 feet, and 15
feet.

Use Figure 4-9 to check adeguacy of the opening height to maintain
free fall in the inlet. For Q = 10 cfs the requirements are: Lg =
15 feet, hy = 0.28 feet; Lj = 10 feet, hy = 0.38 feet; Lj = 5
feet, hy = 0.56 feet. The opening height, 0.50 feet, exceeds the
requirement for free fall for the 15° and 10' opening lengths and
Figure 4-10 can be used to determine depth of ponding.

From Figure 4-10 the maximum ponding is:

(I 15 feet 10 feet 5 feet
dmax 0.41 feet 0.52 feet 0.72 feet
T=OmaxSx  13.7 feet 17.3 feet 74.0 feet

The maximum depth of ponding at the curb opening may be exceeded
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in the approach gutter, particularly on low flows. The depth of
ponding in the gutter can be checked at the point where the gutter
slope is 0.002 by using Figure 4-13.

For Lj = 15 feet, Q = 2 cfs, 9max = 0.41 feet (Step 2), and d =
0.3 feet.

The gutter depth for Qi is less than the ponding depth at the inlet and
water will back up in the gutter channel.

For Q» = 8 cfs, 9max = 0.41 feet (Step 2), and d = 0.5 feet
(Figure 4-13).

The gutter depth for Qp is greater than the ponding depth at the inlet and
the water profile tends to draw down on approaching the inlet.

For L = 10 and 5 feet, dmax = 0.52 or 0.72 feet (Step 2), and d =
0.3 or 0.5 feet.

The gutter depth for both Q; and Qp is less than the ponding depth for both
5- and 10-foot length inlets; therefore, water will back up in the gutter on
both sides of the inlet.

In addition to illustrating the use of the sag curves, Example 5 shows the
necessity of picking up most of the gutter flow before it reaches the Tow
point of the sag vertical curve. Spreads on the pavement (T) and depths at
the curb (9max) noted in step 2 could not be tolerated on a high speed
highway. The more common application of the sag curves would be in
designing curb-opening inlets or their spacing to keep the depth of ponding
and spread on the pavement within tolerable limits.

4.60 Combination Inlets

The capacity of an unclogged combination inlet on a continuous grade using
an efficient grate, is not appreciably greater than that of the grate alone,
Therefore, the capacity is computed by ignoring the curb-opening and
computing the capacity of the grate opening alone.

Conner and Larson found that diagonal grating bars were superior to
transverse bars on combination inlets. Neither investigation compared a
diagonal bar grate with the hydraulically superior longitudinal bar grate of
comparable size.

4.70 Inlet Location

In general, inlets should be placed at all low points in the gutter grade
and at intersections to prevent the gutter flow from crossing traffic lanes
of the intersecting road. In urban locations, inlets are normally placed
upgrade from pedestrian crossings to intercept the gutter flow before it
reaches the crosswalk. Where pavement surfaces are warped, as at cross
streets, ramps, or in transitions between superelevated and normal sections,
gutter flow should be picked up before the cross slope of the pavement
begins to change in order to lessen water flowing across the roadway and to
prevent icing.
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In a sag vertical curve, three inlels are desirable. 0n major streets and
arterials three iniets should be used; one at the Tow point and one on each
side of this point where the grade elevation is at least 0.2 feet higher
than that at the iow point. The addifional inlets furnish added capacity to
allow for flow bypassing the upgrade inlets and provide a safety factor if
the sag inlet becomes clogged. These inlets 1limit the deposition of
sediment on the road in the sag, and they also reduce flow arriving at the
low point and thereby prevent ponding which would flood the road.

Where a curbed roadway crosses a bridge the gutter flow should be
intercepted and not be permitted to fiow onto the bridge.

Spacing of Inlets on a Continuous Grade

Iniets should be spaced so as to 1imit the spread of the water on the
pavement to the criterion outlined in Section 3.20.

With the maximum spread fixed and with a given pavement cross slope and
longitudinal slope, the flow 1in the gutter 1is aiso fixed and can be
caiculated as explained in Section 3. The spacing of inlets ts equal to the
Tength of pavement needed to generate the discharge corresponding to the
allowable spread on the pavement. The fiow bypassing each inlet must be
included in the flow arriving at the next inlet.

An example of the computations for inlet spacing will be given for a grate
inlet (Example 6) and for a curb-opening inlet (Exampie 7).

Example 6

Grate Inlets

Given: A high-type arterial 4-~lane section with 2°' curb-and-gutter
section (n = 0.016) {widths = 4(12) + 2(2) = 52'}). The pavement
cross siope, Sy = 0,02 ft/ft, Tlongitudinal slope, So = 0.02;
composite C for pavement and shouider = 0.6. The contributing
area is 100° to each side of the centerltine.

Find: Inlet spacing of 2-foot-wide efficient grate.
Solution:
1. Spread on pavement, T = 52 - 12 = 14°
2
2. Depth of flow at curb = d = TSy = 14 (0.02) = 0.28 ft.

IH

3. Compute the capacity for S = Sy = 0.02 ft/ft
and 7 = 14 ft. Using Figure 3.2, Q = 8.3 cfs

4.  The flow intercepted by a 2 ft. grate with efficient openings is
determined from Figure 3.2 using composite sections.
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T=Tg =12 ft, S = Sy = 0.02
Qg = 5.5 ¢fs

Qy = 8.3-5.5 = 2.8 cfs

The length of the roadway above the inlet should be sufficient to
generate the gutter flow (8.3cfs) corresponding to the aliowable
spread. Use the rational method for successive lengths to
determine the initial spacing.

G = CiA
where:
Q = 8.3 cfs

C = composite for pavement and shoulder = 0.60
Te = 8 min. (Figure 2~2, distance = 100 ft) overiand flow
Vo= Q/A = 8.3 cfs/1.96 12 = 4.23 fps guitier flow

A = 200xL
43560

Try L = 400"

Te =300 4+ 8.0 = 9.2 (use 10 min)
4.23(60)

i = 5,82 in/hr  (Figure 2-1)

A= 200x400 = 2.3 ac
43560

Q = CiA = 0.60 (5.82)(1.4) = 8.0 ¢fs 8.3 cfs

Use L = 400 ft for first inlet

The flow bypassing the grate appears at the next grate and only
the flow intercepted (2.8 c¢fs) must be suppiied by the ares

between grates.

A = 0.80 ac or 34928 sg. ft.

2% L8
10.6)(5.82)
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Given:

Find;

Solution:

Example 7
Curb-Opening Inlets
Conditions as in Example 6.

Infet Tength for 50% interception and spacing between inlets
where w = 2.0 ft and a = 2 inches

Spread on pavement = 14'
Discharge in gutter, from Example 6, G = 8.3 c¢Ts.

Length of roadway above first inlet = 400 feet {Step 5, Exampie
6).

Compute inlet size for 50% interception.

d = 0.28 ft

n = 0.016

So = 0.02 ft/ft
T = 14 ft

Q;/Q = 0.5

;
Sy = 0,02 ft/ft

From Figure 4-7, Lj = 10 ft

The flow intercepted by the iniet must be suppiied by the
intervening pavement if the design spread is obtained. The area

of pavement need is:

A = .15 = 1.19 ac or 51,768 sq ft

4
(076)(5.82)
The spacing of sucessive inleis after the upstream inlet,

L = 51768 = 260 feet.
200

Spacing of Inlets in a Sag

Three inlets should be placed in a sag vertical curve on all major streets,
one at the low point and one on each side of this point, where the grade

elevation

is approximately 0.2 feet higher than that at the low point. The

intets should be spaced so as to Timit the spread of water on the pavement
ta the criterion outlined in Section 3.20.

As a result of these criteria, the inlets in a sag of an expressway must, at
times, be designed to remove the stormwater resulting from a 5H0-year storm
over the contributing area minus the flow intercepted by the inlets on the
grade, which are designed to Timit the spread of water from a 1l0-year storm
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to a tolerable limit. The inlets on the grade will intercept a greater
quantity of water during the 50-year storm than the quantity (from a 10-year
storm) used to determine their spacing, but the spread of water on the
pavement will exceed the spread designated as the tolerable Timit,

Because of the various combinations in which sag inlets are used, examples
cannot be given to fit all problems encountered by the designer. Exampie &
will illustrate the spacing of inlets in a sag which must be designed for a
b0-year frequency when the inlets on the grade are spaced for a l0-year
frequency, The problem of sag inlets designed for some other frequency can
be solved with a slight modification of the procedure used in Example 8.
The procedure can be used for other type iniets whose capacities are known.

Example 8
Design of Curb-Opening Inlets in a Sag

Given: Grades, -3 percent and +3 percent, each 2,170 feet long, in-
tersecting at station 50. A 600-foot vertical curve connects the
tangents. Conditions are the same as in Examples 6 and 7. The
inlets on the grades are 10-foot curb-opening inlets, designed to
limit  the spread on the pavement to 6 feet at the 10-year
frequency. The gutter is 2-feet wide and the depression is 2-feet
wide and 2-inches deep.

Find: Size and Tocation of the 3 curb-gpening inlets in the sag. The
inlets will be designed to limit the spread on the pavement for a
50-year frequency storm to 6 feet.

Solution:

1. The grades are symmetrical about the P.I. of the vertical curve
and only a half section need be considered. The first inlet (see
Exampie 7) 1is ‘tocated 830 feet from the crest and successive
inTets are spaced at 520 foot intervals. The computations for
peak fiow arriving at the sag inlet at station 50 are given in
Table 4-2.

2. The 10-foot curb cpenings are spaced {Column 3) for a 10-~year
frequency storm as explained in Example 7. An inlet, of width
opening to be determined, is placed at the P.V.I. station 50 + 00.
The inlet at station 49 + 40 is placed where the grade elevation
is about 0.2 feet higher than the grade elevation at the P.V.I. A
10-foot  curb opening s tentatively placed here and the
computations shown in Table 4-2 are made to determine the width of
opening required in the sag. If the sag iniet opening s
excessive, wider openings can be used al the (.2 feet higher
elevation point. The spacing and width of apening on the grades
might require adjusiment in some instances.

3. The runclff between inlets (column 11) is computed by the rational
method based on the 50-year rainfali intensity {(CoTumn 10) during
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Tabie 4-2 Computations for Sag Iniets

i 2 3 5 5 & 7 8 =3 10 1 iz 13 A 15 16 17
st | BT LR EE L Wt e AT L ED s | BY | | oy | e [ R | ey
3%+ 80 1k0.20 830 3.0 .50 0.8 1 0.0 S g 1%, 7 5.88 5.88 0.27 3.0 Q.52 3.0% 2.83
1+ 80 | 1zé.g0 520 3.0 0.3 0.8 1 0.23 0.7 5.7 1.2 3.55 6.38 0.28 9.3 0.50 3.19 3.19
P.V.C.

57 + 00 | 109.00 580 3.0 0.3 0.6 { 0.25 0.7 6.4 13.8 3.k5 6.64 0.28 9.3 ©.50 3.32 3.32
kg ¢ Lo 10k .69 250 1.5 .1k 0.8 | 0.11 .5 5.9 13.h 1.7 479 0.25 8.3 ©.38 2.78 2.01
P.V.I
30+ 00 | 105.50 &0 0.3 G.0k ¢.8 | 0.03 0.2 7.1 13.3 ©.50 ‘ 2.41

Total at sta. 50 + 00 4. 82 0.20 5.7 1.0 5 .82 0
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the accumutated time of concentration (Column 9). Column 12 is
the Q arriving at the inlet and consists of the Q¢ (Column 17}
bypassing the last inlet pius the Q (Column 11} from the area
between inlets. On the grade, the spread on the pavement, 7
(Cotumn 14} exceeds the allowahle spread, 8 feet, which was based
on a lO0-year rainfall intensity.

The discharge arriving at the sag inlet from both sides is 4.82
cfs (Column 12). From Figure 4-9, this Q would require the
following height of opening; Ly = 15 feet, hy = 0.16 feet; L = 10
feet, hy = 0.23 feet; Ly = 5 feet, hy = 0.34 feet.

The depth at the curb for an allowable spread of 6 feet on the
traveled way is 0.24 feet. On Figure 4-10 for w = 2 feet, a = 2
inches, and Q = 4.82 cfs, a 10-foet opening will carry the flow
with a depth of ponding in the gutter (dmax) = 0.25 feet. A 15-
foot opening will carry the flow with a depth of ponding=0.20
feet. The ponding with the 15-foot opening is less than the
atlowable (0.24 ft) and the 15-foot opening with a clear height of
at least 0.16 ft (Step 4) is satisfactory.

Definition of Symbols for Sections 3 and &

Units Dascription

5q-ft Area of cross section

ac Drainage area tributary o the point under
design

in. Bepression of inlet 1ip below the extension of

gutier flow Tine
Runcff ceefficient in the rational formula

ft Depth of gutter flow at the curb line
ft Depth of grate bars
ft Depth of water above inlet 1ip

Froude Number based on depths and velocity of
uniform gutter flow at distance W from curb
face

ft/sec? Acceleration of gravity = 32.2 ft/sect

Tt Height of curb-cpening inlet

ft Minimum height of curb-opening inlet for free
fall into inlet

in./hy Average rainfall intensity during the time of
concentration

ft Length of roadway between inlets

ft Length of clear opening of grate bars {see
Section 4.5)

fi Length of curb-opening injet

T Length of inlet when (;/Q = 1 on first section
of curve for §4/Q = function Lj/(F,T)

ft Length of inlet at point of intersection of
first and second sections of Q3/Q = function
Li/(FyT)

ft Length of inlet when §;/Q = 1 on second section

of Qi/Q = function Ls/(F,T)
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n Roughness coefficient in the modified Manning
formula for triangular gutter flow

p ft Perimeter of grate opening, neglecting bars and
side against curb

Q cfs Rate of discharge in gutter

Oc cfs Rate og discharge bypassing the iniet {carry-
over

Q4 cfs Rate of discharge intercepted by iniei or total
flow for sump inlets

Qo cfs Vatue of Q4 at Lo

Q5/Q Interception rate of curb-opening iniet (also
called efficiency of inlet)

Sg or S ft/ft Longitudinal slope of pavement

Sy ft/ft Cross slope of pavement

T ft Top width of water surface (spread on pavement}

Te min Time of concentration of a watershed

ft/sec Mean velocity of Tlow

W i Width of depression for curb-opening inlets

X ft Distance from curb face in gulter flow
computations

The following figures give the capacity of depressed curb-opening inlets for
the range of conditions iisted in Table 4-3. Instructions for using these
figures with exampies are given in the above section.

The capacity charts were developed for gutters with a roughness coefficient,
n = 0.016, but they can be used with sufficient accuracy, for gutiers with
“n" values from (.012 to 0.016. Figure 4-7 was developed with "n" values
from 0.010 to 0.016.
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General Curves sump Curves
W, in ft Vi 1 2 3
a, in in. 2 i Z 3
Sq ¢.004 - 0.15 0
Sx 0.0i5 - 1.0 0.015 - 0.06
Ly, in ft I~ 200 5, 10, 15
T, in ft 4 - 10 -
Minimum Width
from Curb to Crown
of Roadway - 12! 12! 18!
dinax - 1 1t 1
where:
W = width of depression;
a = depression of inlet Tip below the extension of gutter fiow Tine;
Sg = longitudinai slope of pavement;
Sy = cross slope of pavement;
Li = length of curb-opening inlet;
T = top width of water surface (spread on pavement); and
Grax = maximum depth of ponding, curb-opening in sump.
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Section 5
Storm Sewers and Appurtenances

[t is the purpose of this section to consider the significance of the
nydraulic elements of storm sewers and their appurtenances to a storm
drainage system. Hydrauiically, storm drainage systems are conduits
{open or enclosed) in which unsteady and non-uniform free flow exists.
Storm sewers accordingly are designed for open-channel flow to satisfy
as well as make possible the requirements for unsteady and non-uniform
flow. Steady fiow conditions may or may not be uniform.

All storm sewers shall be designed by the application of the Manning
Lquation either directiy or through appropriate charts or nowographs.
In the preparation of hydraulic designs, a thorough investigation shail
be made of all existing structures and their performance on the
waterway in question.

The design of a storm drainage system should be governed by the
tollowing six conditions:

L. The system must accommodate the initial surface runoff
resutting from the selected design storm without serious
damage to physical facilities or substantial interruption of
normal traffic.

2. Runoff resulting from major storms exceeding the design storm
must be anticipated and discharged with minimum damage to
physical faciiities and wmwinimum interruption of normal

traffic.

3. The storm drainage system must have a maximum reliability of
operation,

4. The construction costs of the system must be reasonable with

retationship to the importance of the facilities it protects.

b.  The storm drainage system must require minimum maintenance
and must be accessible for waintenance operations.

b. The storm drainage system must be adaptable to future
expansion with minimuwm additional cost by the consideration
of ultimate development on upstream or existing reaches.

5.10 Generai Criteria
Frequency of Design Runoff

The frequency of design runoff is a function of operational and
econoimic criteria with a special emphasis on public safety. As
discussed in other sections of this Manual some types of faciiities do
not require high levels of protection and periodic flooding is not
objectionable. However, for all facilities the designer must consider
the fmpact of a 100-year flood and provide for its passage without the
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loss of life or major property damage.

Table 5-1 indicates the minimum acceptable frequencies of design runeff
for storm sewers.

Table 5-1

Storm Sewer Design Storm Frequency

Storm

Return Period
Facility (Frequency)
Streets and Gutters 10 years
Inlets 10 years
Storm Sewers 10 years
Major Drainage System 100 years

Velocities and Grades
Minimum Grades

Storin sewers should operate with velocities of flow sufficient to
prevent  excessive deposition of solid material; otherwise,
objectionable clogging may resuit. The controlling velocity occurs
near the bottom of the conduit and is considerably less than the mean
velocity. Storm sewers shall be designed to have a wminimum mean
velocity flowing full of 2.5 fps. Table 5-2 indicates the grades for
both concrete pipe (n = 0.013) and for corrugated metal pipe (n =
0.024} to produce a veiocity of 2.5 fps, which is considered to be the
tower 1imit of scouring velocity. Any variance must be approved by the
appropriate agency. Outlets on sewers of miniwmum grade should be
designed to avoid sedimentation at the outfail.

o
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Table 5-2

Minimum STope Required For Scouring Yelocity

Pipe Size Concrete Pipe Corrugated Metal Pipe
Linches) Siope (ft/ft) .. Slope (ft/ft)
18 0.0018 0.0060
21 0.0015 ¢.0049
24 0.0013 0.0041
27 0.0031 0.0035
30 0.0009 0.0031
36 0.0007 (.0024
42 0.0006 0.0020
44 U. G005 0.0016
54 (.0004 0.0014
60 . 0004 0.0G12
66 0.0004 0.06011
72 0.0003 0.0010
78 0.00603 0.0009
84 0.0003 0.0008
96 0.0002 U. 0007

Maximum Velocities
Maximum velocities in conduits are important mainly because of the
possibilities of excessive erosion on the storm drain inverts. Table
5-3 shows the Timits of maximum velocity.

Table 5-3

Maximum Yelocity in Storm Sewers

Description Maximum Permissible Velocity
Culverts {all types) 1b fps

Storm Sewers {inlet laterals) No Limit

Storm Sewers {collectors) 15 fps

Storm Sewers (mains) 12 fps

Wintmum Diameter

Pipes which are to become an integral part of the public storm sewer
system shall have a wminimum diameter of 18 inches, If smatier
diameters are required for utility clearance or special conditions
contact the City of Dodge City for approval.

o
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Materials

In selecting a roughness coefficient consideration shall be given to
the average conditions during the useful 1ife of the structure. An
increased "n" value shall be used primarily in analyzing old conduits
where alignment is poor and joints have become rough. If, for example,
concrete pipe is being designed at a location and there is reason to
beiieve that the roughness would increase through erosion or corrosion
of the interior surface, slight displacement of Jjoints, or entrance of
foreign materials, a roughness coefficient should be selected which, in
the judgment of the designer, will represent the average condition.
Any selection of "n" values below the minimum or above the maximum,
either for monolithic concrete structures, concrete pipe, or corrugated
metal pipe, shall have the written approval of the City of Dodge City.

The coefficients of roughness listed in Table 5-4 are for use in the
nomographs contained herein, or for direct solution of Manning's
Equation.

Table 5-4

Roughness Coefficients “n" for Storm Sewers

Materials of Construction Design Coefficent}
Concrete Pipe 0.013
Corrugated-Metal Pipe* 2-2/3"x1/2" Corr. 3"x1" Corr.
Unpaved 0.024 0.027
25% Paved 0.021 0.023
Structural Plate Pipe* & ft 7 ft 10 ft 15 ft
Unpaved 0.033  0.032 0.030 0.028

25% Paved 0.028 0.027 0.026 0.024

Helically Corrugated Pipe* 2-2/3" x 172" corrugations

12" 18“ 24" 36" 48"
Unpaved 0.011  §¢.0:4 0.016 6.019  0.020
25% Paved - e 0.015 0.017  0.020
3" x 1" corrugations
36!! 48!1 54" 60" 661! 72"
Unpaved 0,021  0.023 0.023 0.024  0.025 0.026

25% Paved 0.019  0.020 0.020 0.021 0.022 0.022

* Fully Paved A1l Types 0.012

1 Designer may select a single representative "n" for design purposes.



Manhole Location

Manhotes shall be located at intervals not to exceed 450 feet for pipe
30 inches in diameter or smaller. Manholes shall be located at conduit
junctions, changes in grade, changes in alignment, and ends of curved
sections.

Manholes for pipe greater than 30 inches in diameter shall be tocated
at points where design indicates entrance into the conduit is
desirable; however, in no case shall the distance between openings or
entrances be greater than 600 feet.

Pipe Connections

Prefabricated wye and tee connections are recommended up to and
inctuding 24" x 24", Connections larger than 24 inches will be made by
field connections. This recommendation is bhased primarily on the fact
that field connections are more easily fitted to a given alignment than
are precast connections. Regardless of the amount of care exercised by
the Contractor in laying the pipe, gain in footage invariably throws
precast connections slightly out of alignment. This error increases in
magnitude as the size of pipe increases.

Utilities

In the design of a storm drainage system, the engineer is frequently
confronted with the problem of grade conflict between the proposed
Storm Drain and existing utilities such as water, gas, telephone,
electrical, and sanitary sewer lines. When conflicts arise between a
proposed drainage system and a utility system, the owner of the utility
system shall be contacted.

Alignment

In general storm sewer alignment between manholes shail be straight.
Long radius curves may be allowed to conform to street alignment.
Short radius curves may be used on larger pipes in order to reduce head
losses at junctions. Curves may be produced by angling the joints or
by fabricating beveled ends. Angled joints shall be kept at a minimum
to maintain a tight joint.

5,20 Flow in Storm Sewers

ATl storm drains shall be designed by the application of the continuity
equation and Manning's Equation either through the appropriate charts
and nomographs or by direct solutions of the equations as follows:

0 = AV; and (Continuity) {6-1)

Q 1.49 ARU.57 5.0.5 {(Manning's) (5-2)
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Q = pipe flow in cfs;

A = ¢ross-sectional area of pipe, in square feet;
' = velocity of flow, in feet per second;

n = coefficient of roughness of pipe;

R = hydraulic radius = A/wp, in feetl;

S¢ = friction slope in pipe, in feet per foot; and
wp = wetted perimeter, in feet.

There are several general rules to be observed when designing storm
sewer runs. When followed they will tend to alleviate or eliminate the
commor: mistakes made in storm sewer design. These rules are as
follows:

1. Select pipe size and slope so that the velocity of fiow will
increase progressively, or at least will not appreciably
decrease, at inlets, bends, or other changes in geometry or
configuration.

2. Do not discharge the contents of a larger pipe into a smaller
one, even though the capacity of the smaller pipe may be
greater due to steeper slope.

3. At changes in pipe size match the soffits (inside top
surface) of the two pipes at the same level rather than
matching the flow lines. (When necessary for minimal fall,
match the 0.8-diameter point of each pipe.)

4. Conduits are to be checked at the time of their design with
reference to critical slope. 1If the slope of the line is
greater than critical slope, the unit will 1ikely be
operating under entrance control instead of the originally
assumed normal flow. Conduit slope should be kept below
critical slope if at all possible. This also removes the
possibility of a hydraulic jump within the Tine.

Pipe Flow Charts

Figures 5-1 through 5-3 are nomographs for determining flow properties
in circular pipe. The nomographs are based upon a value of “n" of
0,012 for concrete and 0.024 for corrugated metal. The charts are
se}f-explanatory, and their use is demonstrated by the example in
Fiyure b-1.



For values of "n" other than 0.012, the value of Q should be modified
by using the formuia below:

o = QplU.012) (5-3)
Re

where:

Qc = Tlow based upon ng;

Ne = vatue of "n“ other than 0.012; and

Un = flow from nomograph based on n = 0.012.

This formula is used in two ways. If ne = 0.015 and Q. is unknown, use
the known properties to find Up from the nomoyraph, and then use the
foramuia to convert Un to the required Qe If Qc is one of known
properties, you wust use the formula to convert Gc (based on ng) to Qy
(based on n = 0.012) first, and then use Qn and the other known
properties to find the unknown vaiue on the nomoygraph.

Example 1

Given: Slope = 0.005; depth of flow, d = 1.8%; diameter, D = 36"; 5 =
0.018.,

Find: Discharge, 4.

to read

First determine d/0 = 1.8'/3.0' = 0.6. Then enter Figure 5-1
= 22.7 cfs

Qn= 34 cfs.  Using che formula, Q¢ = 34 (0.12/0.018)
{Answer) .

Example 2
Given: Slope = 0.005; diameter D = 36"; ( = 22.7 cfs; n= (.018
Find:  Velocity of flow (fps)
First convert (c to Yn. S0 that the nomograph can be used. Using the
formuita Gy = 22.7 (0.018/0.012) = 34 cfs, enter Figure 5-1 to determine
d/b = 0.6. Now enter Figure 5~3 to determine V = 7.5 tps (Answer).
5.30 Hydraulic Gradient and Profile OFf Storm Sewer
When siorm sewer systems are designed for full flow the designer shail
estabiish the head losses caused by flow resistance in the conduit,
changes of momentum and interference at Junctions and structures. This
information shall then be used to estabiish the design water surface
elevation at each structure.
betermination of the hydraulic grade Tine is not required for atl storm

drainage design. It is not necessary to compute the hydrautic grade
iine of a condwit run if the stope and the pipe sizes are chosen so
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that the slope is equal to or greater than friction slope, the inside
top surfaces of successive pipes are lined up at changes in size, and
the water surface at the point of discharge will not rise above the top
of the outlet. In such cases the pipe will not operate under pressure
and the slope of the water surface under capacity discharge will
approximately paraliel the slope of the invert of the pipe.

In the absence of these conditions or when it is desired to check the
system against a larger flood than that used in sizing the pipes then
the nydraulic and energy grade lines shall be computed and plotted.
The friction head loss shall be determined by direct application of
Manning's Equation or by appropriate nomographs in this Section. Minor
losses due to turbulence at structures shall be determined by the
procedure described below. The hydraulic grade line shall in no case
be cioser than two feet to the ground or street surface unless
otherwise approved by the appropriate agency. If the storm sewer
system could be extended at some future date, present and future
operation of the system must be considered.

Total Energy Losses At Structures

The following total energy head Tlosses at structures shall be
determined for inlets, manholes, wye branches, or bends in the design
of full flow closed conduits. Note total energy losses, he include

minor losses, hj and the change in velocity head, hy. See Figures 5-4
and 5-4b for detaiis of eacﬁ case. Mintmum head loss used at any

structure shall be 0.10 feet, unless otherwise approved.

Short radius bends may be used on 24" and Targer pipes when Tlow must
undergo a direction change at a junction or bend. Reductions in head
loss at manholes may be realized in this way. A manhole shall always
be located at the end of such short radius bends.

Minor Head Losses at Structures

The basic egquations for minor head losses, where there is significant
significant upstream and downstream velocity, takes the form as set
forth below with the various conditions of the coefficient, kp, shown
in Tables 5-5, 5-6 and 5-7.

2 2
hj K EﬁhﬁﬁftL (5-4)
where:
hy = junction or structure minor head loss, in feet;
Vi = velocity in upstream pipe, in feet per second;
vp = velocity in downstream pipe, in feet per second;
km = Junction or structure coefficient of loss, in feet.



in the case where the initial velocity is negligible or when there is
no velocity change the basic equation for head loss becomes:

Case
No.

Vi

Vil

VI

Je

v 2
hj = Kn 7_@_ (5-5)
2g
Table 5-5
Junction or Structure
Minor Loss Coefficient kg
Reference Coefficient
Figure Description of Condition kg
5-4b Inlet or Manhole at Beginning of Line 1.25
b-4b Conduit on Curves for 90 degrees*
Curve radius = diameter 0.50
Curve radius = 2 to 8 diameters 0.40
Curve radius = 8 to 20 diameters 0.25
5-4hb Bends where Radius is Equal to Diameter
80-degree Bend (.50
60-degree Bend 0.43
45-degree Bend 0.35
22-1/2-degree Bend 0.20

Manhole on Line with 6

Manhole on Line with 2
Lateral

G-degree Lateral 0.35

2-1/2-degree
0.75

Where bends other than 90 degrees are used, the 90-degree bend

coefficient can
applied:

be wused with the

following percentage factor

60-degree Bend--85%; 45.degree Bend--70%; 22-1/2-degree Bend--40%



Obstructions

The values of the coefficient, ky, for determining the loss of head due
to obstructions in pipes are shown in Table 5-6, and the coefficients
are used in the following equation to calculate the head loss at the
obstruction:

=
1t

2 o
kg V2 (5-6)
29

Table 5-6

Head Loss Coefficients Due to CObstructions

A* A*

A i Al k.
1.05 0.10 3.0 15.0
1.1 0.21 4.0 27.3
1.2 0.50 5.0 42.0
1.4 .15 6.0 57.0
1.6 2.40 7.0 72.5
i.8 4,00 8.0 88.0
2.0 5.55 8.0 104.0
2.2 7.05 10.0 121.0
2.5 9.70

%

= Ratio of area of pipe te area of opening

A
A. at obstruction

5 - 11



Expansions and Contractions

The values of the coefficient, ky, for determining the Toss of head due
to sudden enlargements and sudden contractions in pipes are shown in
Tahle b-7.

These coefficients are used in the following equation to

catculate the head loss at the change in section:

2
hj = kg V2
24

where: Vs = velocity in smaller pine

Table 5-7
Head Loss Coefficients for

Expansions And Contractions

¥ Sudden Enlargements Sudden Contractions
Q}._. Kpy Ky
1.2 0.10 0.08
1.4 0.23 0.18
1.6 0.35 0.25
1.8 0.44 0.33
2.0 0.52 0.36
2.5 0.65 0.40
3.0 0.72 0.42
4.0 0.80 0.44
5.0 0.84 0.45
10.0 0.88 .46

0.91 0.47
* Bz = Ratio of larger to smailer diameter.

D1
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5.40

Design Procedure For Storm Sewer Systems

Preliminary Design Procedure

A.

Prepare a drainage map of the entire area to be drained by
proposed improvements. Contour maps serve as excellent
drainage area maps when suppliemented by field reconnaissance.

Make a preliminary layout of the proposed storm drainage
system, Tlocating all inlets, manholes, mains, laterals,
ditches, culverts, etc.

Qutline the drainage area for each inlet in accordance with
present and future street development.

Indicate on each drainage area a code identification number,
the size of area, the direction of surface runoff by small
arrows, and the coefficient of runoff for the area.

Show all existing underground utilities.

Establish design rainfall frequency.

Establish inlet time of concentration.

Establish the typical cross section of each sireet.

Establish permissible spread of water on all streets within
the drainage area.

Include Steps A through I with plans submitted to the City of
Dodge City for review. The drainage map submitted shall he
suitable for permanent filing with the appropriate agency and
shall be a good-quality reproducible copy.

Inlet System

Determining the size and location of inlets is largely a trijal-and-
error procedure. Using criteria outlined in Sections 2, 3, and 4 of
this manual, the following steps will serve as a gquide to the procedure
to be used.

A.

Beginning at the upstream end of the project drainage basin,
outline a trial subarea and calculate the runoff from it.

Compare the calculated runoff to allowable street capacity.
If the calculated runoff is greater than the allowable street
capacity reduce the size of the trial subarea. If the
calculated runoff is less than sireet capacity., increase the

size of the trial subarea.

Repeat this procedure until the calculated runoff equals the
allowable street capacity. This 1is the Tirst point at which
& portion of the flow must be removed from the street. The

5~ 13



percentage of flow to be removed will depend on street
capacities versus runoff entering the street downstream.

C. Record the drainage area, time of concentration, runoff
coefficijent and calculated runoff for the subarea. This
information shall be recorded on the plans or in tabular form
convenient for review.

D. If an idnlet is to be used to remove water from the street,
size the inlet{s) and record the inlet size, amount of
intercepted flow, and amount of flow carried over (bypassing
the inlet).

E.  Continue the above procedure for other subareas until a
complete system of inlets has been established. Remember to
account for carry-over from one inlet to the next.

F. After a complete system of inlets has been established,
modification should be made to accommodate special situations
such as point sources of large quantities of runoff, and
variation of street alignments and grades.

G. Record information as in Steps C and D for all inlets.

H.  After the inlets have been located and sized the inlet pipes
can be designed.

I, Intet pipes are sized to carry the volume of water
intercepted by the inlet. Inlet pipe capacities may be
controlled by the gradient available, or by entry condition
into the pipe at the inlet. Inlet pipe sizes should be
determined for both conditions and the larger size thus
determined used.

Storm Sewer System

After the computation of the quantity of storm runoff entering each
inlet, the storm sewer system required to carry the runcff is designed.
{t should be borne in mind that the quantity of flow to be carried by
any particular section of the storm sewer system is not the sum of the
inlet design guantities of all inlets above that section of the system,
but is less than the straight totai. This situation is due to the fact
that as the time of concentration increases the rainfall intensity
decreases.

A, Storm Sewer Pipe

The ground-tine “profile s now used 9n conjunction with the
previous runoff calculations. The elevation of the hydraulic
gradient is arbitrarily established approximately 2 feet below the
ground surface. When this initial gradient is set and the design
discharge is determined, a Manning's flow chart may be used to
determine the pipe size and velocity.

5 - 14



It is probable that the initial gradient will have to be adjusted
at this point since the intersection of the discharge and the
stope on the chart will likely occur between standard pipe sizes.
The smaller pipe should be used 1if the design discharge and
corresponding slope does not result in an encroachment on the 2
foot criteria below the ground surface. If there is encroachment,
use the Tlarger pipe which will establish a capacity somewhat in
excess of the design discharge. Velocities can be read divectly
from a Manning's Flow Chart hased on a given discharge, pipe size,
and siope.

B. Jgunctions, Inlets and Manholes

A, Getermine the hydraulic gradient elevations at the upstream
end and downsiream end of the pipe section in question. The
elevation of the hydraulic gradient of the upstream end of
pipe is equal to the elevation of Lhe downstream end of pipe
{hydraulic gradient) plus the product of the length of pipe
and the pipe gradient.

8. Determine the velocity of fiow for incoming pipe (main line)
at junction, inlet, or manhole at design point.

C. Determine the velocity of flow for cutgoing pipe {main line)
at junction, inlet, or manhole at design point.

D. Compute velocity head for outgoing velocity (main line) at
Jjunction, inlet, or manhole at design point.

E. Compute velocity head for incoming velocity (main line) at
junction, inlet, or manhole at design point.

F. Determine head Tloss coefficient, kj, at Jjunction, inltet, or
manhtoie at design point from Tables 5-5, 5-6, 5-7 or Figures
5-4a and 5-4b.

Compute head toss at junction, inlet or manhoie.

2 2
hy = ky V2 - V1
29

o3

H. Compute hydraulic gradient at upstream end of junction as if
junction were not there.

I. Add head loss fo hydraulic gradient elevation determined to
obtain hydraulic gradient elevation at upstream end of
Junction.

A1l isnformation shall be recorded on the plans or in tabular form
convenient for review.
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10.

11,

C. Major Storm System

Check the proposed system for the 100-year major storm event.
Modify the proposed system or provide additional flow capacity as
required to accommodate the major storm runoff according to the
requirements stated in Sections 1, 3, 4, and 5.
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Figure 5-2
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D =DIAMETER (inches)
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Velocity in Pipe Conduits
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Figure 5-4a Minor Head Losses Due to Turbulence at Structures
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Section 6
Culvert Design

The fuaction of a drainage culvert is to pass the design storm flow under a
roadway or railroad without causing excessive backwater and without creating
excessive downstream velocities.

6.10 Design Criteria

the design flow shall be determined by the Rational Method or the SCS Unit
Hydrograph Procedure as set forth in Section 2.

Design Frequency

Cuiverts shall be designed to pass the 10-year runoff with a two-foot
freeboard and no flow over the roadway. The drainage system shali
accommodate a 100-year flood, including provision for limited overflows at
bridges and culverts without loss of Tife or major property damage. At the
option of the appropriate agency the designer may design culverts as storm
sewers with a l0-year design frequency. Under this option the proposed
culvert shall be pilaced on tine and grade to permit connection to the future
storm sewer. The major storm impacts shall be investigated for both the
culvert configuration and the proposed storm sewer configuration. The major
storm anatysis of the storm sewer shail include upstream and downstream
reaches sufficient to show that provisions for the major storm can be made
when the storm sewer is constructed.

In areas where an official floodway exists, increases in the 100-year water-
surface elevation shall not be greater than 1 foot above the natural 100-
year water-surface elevation.

Culvert Discharge Velocities

The velocity of discharge from culverts should be limited as shown in Table
G-1. Consideration must be given to the effect of high velocities, eddies
or otiner turbufence on the natural channel, downstream property and roadway
embankment,

TABLE 6-1
Culvert Discharge Yelocity Limitations

Maximum

Downstream Altowable Discharge
tondition Velocity (fps) .
EFarth 6 fps
Seeded or Sodded Earth 8 fps
Paved or Riprap Apron 15 fps

It is recommended that a minimum velocity of 2.5 feet per second at the
design flow be maintained in all drainage structures to prevent siitation.
Where doubt exists concerning silt or scour, protection commensurate with



the value of the structure and surrounding property shall be installed to
insure that damage to or failure of the structure will not occcur.

6.20 Culvert Types

Culverts shall be selected based on hydraulic principles, economy of size
and shape, and with a resulting headwater depth which will not cause damage
to adjacent property for the 100-year storm. It is essential to the proper
design of a culvert that the conditions under which the culvert will operate
are known. Five types of operating conditons are discussed below.

Type I Flowing Part Full with Qutlet Control and Tailwater Depth Below
Critical Depth.
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Figure 6-1
CONDITIONS

The entrance is unsubmerged (HW < 1.2D), the slope at design
discharge is sub-critical (Sg < Sc), and the tailwater s below
critical depth (TW £ d¢).

The above condition is a common occurrence where the natural channels are on
flat grades and have wide, flat floodplains. The control is critical depth
at the outlet.

In culvert design, it s generally considered that the headwater pool
maintains a constant level during the design storm. If this level does not
submerge the culvert inlet, the culvert flows part full.

If critical flow occurs at the outlet the culvert is said to have '"Outlet
Control". A culvert flowing part full with outlet control will require a
depth of flow in the barrel of the culvert greater than critical depth while
passing through critical depth at the outlet.



The capacity of a culvert flowing part full with outlet control and
tailwater depth below critical depth is governed by the following equation
when the approach velocity is considered zero.

2
Hbt = dc + Ve he + hf - SoL (6"1)
7

where:

HiW = headwater depth above the invert of the upstream end of the
culvert in feet. Headwater must be equal to or Tless than
1.2D or entrance is submerged and Type IV operation will
result,

de = critical depth of flow, in feet (Figure 6-25 or 6-26);

D = diameter of pipe or height of box, in feetl:

Ve = critical velocity, in feet per second, occurring at critical
depth;

e = entrance head loss, in feet, where:

2
he = ke V¢ (6-2)
24

ke = entrance loss coefficient (Table 6-2, page 6-54);

he = friction head loss, in feet = S¢ls

S¢ = friction slope or slope that will produce uniform flow. For
type 1 operation the friction slope is based upon 1.1 des

S = stope of culvert, in feet per foot; and

L = Tength of culvert, in feet.



Type II  Flowing Part Full with Qutlet Control and Taiiwater Depth Above
Critical Depth.
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Figure 6-2

CONDITIONS

The entrance is unsubmerged (HW < 1.2D), the slope at
design discharge is subcritical < S¢), and  the
tailwater is above critical depih ?Tw > de).

The above condition is a comnon occurrence where the channel s deep,
narrow, and well defined,

If the headwater pool elevation does not submerge the culvert inlet, the
slope at design discharge is suberitical, and the tailwater depth 1is above
critical depth, the control occurs at the outlet. The capacity of the

culvert is governed by the following equation when the approach velocity is
considered zero.
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2

HW = TW + Vyy + he + hg « Spb (6-3)
7"

where:

HW = headwater depth above the invert of the upstream end of the

culvert, in feet. Headwater depth must be equal to or less
than 1.2D or entrance is submerged and Type IV operation will

result:
™ = tailwater depth above the invert of the downstream end of the
culvert, in feei;
Vi = culvert discharge vetocity, in feet per second, at tfailwater
depth;
he = entrance head loss, in feet, where;
2
he = ke !%%; {6-4)
Ke = entrance loss coefficient (Table 6-2, page 6-54);
hg = friction head loss, in feet = S¢l;
S¢ ¢ friction slope or slope that will produce wuniform flow, in

feat per foot. For Type II operation the friction slope is
based upon TW depth;

S¢ = slope of culvert, in feet per foot:; and

L = length of culvert, in feet.



Type 111 Flowing Part Full with Inlet Control.
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Figure 6~3
CONDITIONS

The entrance is unsubmerged (HW < 1.29) and the slope
at design discharge s equal to or greater than
critical slope (supercritical} (Sg 2 Sei-

This condition is a common occurrence for culverts in rolling or moun~
tainous country where the flow does not submerge the entrance. The control
is critical depth at the entrance.

If critical flow occurs near the inlet, the culvert is operating under
*Intet Control", The maximum discharge through a culvert flowing part full
occurs when flow is at critical depth for a given energy head. To assure
that flow passes through critical depth near the inlet, the culvert must bhe
1aid on a slope equal to or greater than critical slope for the design
discharge. Placing culverts which are to flow part full on slopes greater
than criticat slope will increase the outlet velocities but will not
increase the discharge. The discharge is 1imited by the section near the
intet at which critical flow occurs.,
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The capacity of a culvert flowing part full with control at the inlet is
governed by the following equation when the approach velocity s considered

Zero.
2 2

HY = de + Vo + kg V2 (6-5)
76 .29

where:

Hi = headwater depth above the invert of the upstream end of the
culvert, in feet. Headwater depth must be equal to or less
than 1.2D or entrance is submerged and Type IV operation will
result.

de = critical depth of flow, in feet (Figure 6-25 or 6-26).

Vo = critical velocity at entrance of culvert, in feet pey second,
The velocity of flow varies from critical velocity at the
entrance to uniform velocity at the outlet provided the
culvert is sufficiently long. Therefore, the outlet velocity
is the discharge divided by the area of flow in the culvert.

ke = entrance toss coefficient (Table 6-2).



Type IVA Flowing Full with Submerged Outlet.
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Figure 6-4

CONDITIONS
(Submerged Outlet)

The entrance is submerged (HW 2 1.2D). The tailwater
completely submerges the outlet,

Most culverts flow with free outlet, but depending on topography, a
taiiwater pool of a depth sufficient to submerge the outlet may form at some
instaltations. For an outlet to be submerged, the depth at the outlet must
be equal to or greater than the diameter of pipe or height of box. The
capacity of a culvert flowing full with a submerged outlet s governed by
the following equation when the appreoach velocity 1is considered zero.
OQutlet velocity is based on full-pipe flow at the outlet.

HW = H + TW -~ Syl {6-6)



where:

HW = headwater depth, in feet, above the invert of the upstream
end of the culvert. Headwater depth must be greater than
1.2D for entrance to be submerged.

H = head for cuivert flowing full, in feet.

TW = tailwater depth, in feet.
Sp = slope of culvert, in feet per foot.
L = length of culvert, in feet.
Type IVB Flowing Full with Partially Submerged Outlet.
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Figure 6-5

CONDITIONS
(Partially Submerged Qutlet)

The entrance is submerged (HW 2 1.2D). The tailwater
depth is less than D (TW < D).



The capacity of a culvert flowing full with a partiaily submerged outlet s
governed hy the following equation when the approach velocity is considered
zero. Outlet velocity is based on critical depth if TW depth is Tless than
critical depth. If TW depth is greater than critical depth, outlet velocity
is based on TW depth.

HE = H+P - Syl (6-7)
where:
HW = headwater Depth, in feet, above the invert of the upstream

end of the culvert. Headwater depth must be greater than
1.20 for entrance to he submerged.

H = head for culverts flowing full, in feet.
P = pressure line height = dg + D, in feet.
-

de = critical depth, in feet.
b = diameter or height of structure, in feet.
S = slope of culvert, in feet per foot.
L = length of culvert, in feet.

6.30 End Treatments

The normal functions of properly designed headwalls and endwalls are to
anchor the culvert to prevent movement, to conirol erosion and scour
resutting from excessive velocities and turbulence, and to prevent adjacent
5011 from sloughing into the waterway opening. A1l  headwalls shall be
constructed of reinforced concrete and may be either straight parallel
headwalls, flared headwalls, or warped headwalls with or without aprons as
may be required by site conditions.

Conditions at Entrance

1t is important to recognize that the operating characteristics of a culvert
may be completely changed by the shape or condition al the inlet or
entrance. Design of culverts must involve consideration of energy Tlosses
that may occur at the entrance. The entrance head losses may be determined
by the following eguation.

he = ke V_ (6-8)



where:

he = entrance head loss, in feet.
y = velocity of flow in culvert, in feet per second.
ke = entrance loss coefficient (Table 6-2, page 6-54).

In general the following guidelines should be used in the selection of the
type of headwall or endwalis:

Parallel Headwail and Endwall

Approach velocities are low (below 6 fps).
Backwater pools may be permitted.

Approach channel is undefined.

Ample right-of-way or easement is available.
Downstream channel protection is not required.

(SR PV I AN I
- - - - .

Flared Headwall and Endwall

1 Channel is well defined.
2. Approach velocities are between 6 and 10 fps.
3 Medium amounts of debris exist.

Warped (twisted) Headwall and Endwall
Channel is well defined and concrete lined.

Approach velocities are between 8 and 20 fps.
3. Medium amounts of debris exist.

N =
PR

These headwalls are effective with drop-down aprons to accelerate flow
through culvert, and they are effective endwalls for transitioning flow
from closed conduit flow to open channel flow. This type of headwall
should be used only where the drainage structure is large and right-of-
way or easement is Timited.

Warped (twisted) Headwall
6 - 12



Improved Inlets

Several types of improved inlets have been developed. The use of these
inlets may provide substantial savings by a reduction in the barrel size of
the proposed structure. The use of these inlets is optional and should be
based on an economic analysis by the designer. For box culverts, reinforced
concrete structures, and structures using headwalis the use of beveled
inlets or tapered inlets is strongly recommended. For more information, the
designer is referred to Hydraulic Design of Improvements for Culverts,
Hydraulic Engineering Circular No. 13, August 1973, by the Federal Highway
Administration.

6.40 Culvert Design with Standard Inlets

The information and publications necessary 1o design culvertis according to
the procedure given in this section can be found in Hydraulic Charts for the
Selection of Highway Culverts, Hydraulic Engineering Circular No. 5, March
1965, and Capacity Charts for the Selection of Highway Culverts, Hydraulic
Engineering Circular No. 10, March, 1965. Both of which are publications of
the FHWA. Some of the charts and nomographs, from these publications,
covering the more common requirements are located in the Design Charts at
the end of this Section. For special cases and larger sizes, the FHWA
publications should be used.

Cuivert Sizing

Each chart, Figures 6-13 to 6-20, contains a series of curves which show the
discharge capacity per barrel in cfs for each of several sizes of similar
type culverts for various headwater depths in feet above the culvert invert
at the inlet. The finvert of the culvert is defined as the low point of its
cross-section.

tach culvert sijze is described by two iines, one so0lid and one dashed. The
numbers associated with each line are the ratio of the length, L, in feet,
to the slope, 100 S5, in percent. The dashed lines represent the maximum
L/{100S,) ratio for which the curves may be used without modification. The
solid Yine represents the division between outlet and inlet control. For
values of L/{100S,) Tess than that shown on the solid line, the culvert is
operating under inlet control and the headwater depth is determined from the
L/(100S,) value given on the solid line. The solid-line inlet-control
curves are plotted from model test data. The dashed-line outlet-control
curves were computed for culverts of various lengths with relatively flat
slopes. Free outfall at the outlet was assumed, therefore, tailwater depth
is assumed to not influence the culvert performance.

For culverts flowing under outlet control, the head loss at the entrance was
computed, and the hydraulic roughness of the various materials used in
culvert construction was taken into account in computing resistance loss for
full or part-full flow. The Manning's "n" values used for each culvert type
ranged from 0.012 to 0.032.

Except for large pipe sizes, headwater depths on the charts extend to three

times the culvert height. Pipe arches and oval pipe show headwater up to
2.5 times their height since they are generally used in areas of low fill.
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The dotted tine, stepped across the charts, shows headwater depths of about
fwice the barrel height and indicates the upper 1imit of restricted use of
the charts. Above this 1ine the headwater elevation should be checked with
the nomographs found in Figures 6-21 through 6-33.

The headwater depth given by the charts is actually the difference in
elevation between the culvert invert at the entrance and the total head,
that is depth plus velocity head, for flow fn the approach channel. In most
cases, the water surface upstream from the inlet is close to this jeve! and
the chart determination may be used as headwater depth for practical design
purposes. Where the approach velocity is in excess of 3.0 feet per second,

the velocity head nmust be subtracted from the curve determination of

Proper use of the capacity charts (Figures 6-13 thru 6-20) will minimize
problems of scour or sedimentation. The procedure for sizing the culveri is
summarized below. Data can be tabulated in the Design Computation Form,
Figure 6-6.

1. List design data: Q(cfs), L{ft), allowable HW (ft), Sy(ft/ft),
type of culvert barrel and entrance.

2. Compute L/(1005,).
3. Enter the appropriate capacity chart with the design discharge, (.

4. Find the L/{100S,) value for the smallest pipe that will pass the
design discharge. If this value is above the dotted line in
Figures 6«13 to 6-20, use the nomographs to check headwater
conditions.

5. If the computed L/(100S,) is Tless than the value of L/{100S,)
given for the solid Tine then the value of HW is the value
obtained frowm the solid line curve. If the computed L/(100S) is
larger than the value for the dashed cutlet-control curve, then
special measures must be taken, and the reader is referred to the
FHWA pubtications.

Check the HW value obtained with the ailowable HW. If the
indicated HiW is greater than the allowable HW, then try the next
farger pipe size.

The use of the nomographs on Figures 6-21 to 6-33 is limited to cases where
tailwater depth fis higher than the critical depth in the culvert. The
advantage of the capacity charts over the nomographs is that the capacity
charis are direct where the nomographs are trial and error. The capacity
charts can be used only when the flow passes through critical at the outlet.
When the critical depth at the outlet is less than the tailwater depth, the
nomographs must be used; however, both give the same results where ejther of
the two methods are applicable. The procedure for design requires the use
of both nomographs and is as follows:

. List design data: Q{cfs), L(ft}, invert elevations at an inlet and
outlet {ft), alicwable HW(ft), mean and maximum flood velocities
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in the natural stream (ft/sec), type of culvert, and enirance type
for first selection.

2, Determine a trial size by assuming a maximum average velocity
based on channel considerations to compute the area, A = (/V.

3. Fiad HW for trial size culvert for inlet control and outlet
controi. For inlet control use Figures 6-27 to 6-33, connect a
straight line through D and Q to Scate 1 of HW/D scales and
project horizontaily to the proper Scale (2 or 3). Compute HW
and, if too large or top small, {ry another size before computing
HW for cuttet control.

Next, compute the HW for outlet control with Figures 6-21 to 6-Z4.
Enter the graph with the length, the esntrance coefficient for the
entrance type, and the trial size. Connect the length scale and
the culvert-size scale with a straight Tine, pivot on the turning
Tine, and draw a straight Yine from the design discharge on the
discharge scale through the turning point to the head scale (head
loss, H}. Compute HW from the eguation:

For TW greater than or equal to the top of the culvert, hg = TW,
and for TW less than the top of the culvert:

hy = {dec + D) or TW

5

whichever is the greater. If TW s Tess than dg, the nomographs
cannot be used. See Tigures 6-25 and 6-20 for critical-depth
charts.

4, Compare the computed headwaters and use the higher MW to determine
it the culver: s under inlet or outlet controi. If ocutlet
control governs and the HW is unacceptable, select a larger trial
size and find another HY with the outlet-control nomographs.
Since the smaller size of culvert had been selected for allowable
W by the dinlet-control nomographs, the inlet control for the
Targer pipe need not be checked.

Pesign Procedure

Due to problems arising from topography and other considerations, the actual
design of a culvert instatlation s wore difficult than the simple process
of sizing culverts. The procedure is a guide te design since the problems
encountered are too varied and too numercus to be generaiized. However, the
actual process presented sheould be followed to insure that some special
prablem is not overiooked.

Design Computation Form
The use of & design computation form is a convenient method to use to obiain

consistent designs with a minimum of culvert cost. An example of such a
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form is Figure 6-6.
Invert Llevations

After determining the allowable headwater elevation, the tailwater
elevation, and the approximate Tlength, invert elevations must be assumed.
When considering ponded and non-ponded inlets, either for the design
discharge or for some lesser storm which will not cause ponding, scour 1is
not likely to occur in an artificial channel, such as a roadside ditch or a
major drainage channel, when the cuivert has the same slope as the channel.
To reduce the <chance of failure due to scour, invert elevations
corresponding to the natural g¢rade should be used as a first trial. For
Figure 6-6 natural channels, the flow velocity in the channel upstream from
the culvert should be investigated to determine if scour will occur.

Culvert Diameter

After the invert elevations have been assumed and using the design
computation forms, the capacity charts, and the nomographs, the diameter of
pipe that will meet the headwater requirements should be determined. The
smailest diameter that appears in the nomographs and capacity charts is 12
inches.  Since smaller diameter pipes are often closed by silt, it is
recommended that pipe smaller than 18 inches not be.used for any drainage
where this manual appiies. Since the pipe roughness influences the culvert
diameter, both concrete and corrugated metal pipe should be considered in
design, if both will satisfy the headwater requirements.

Limited Headwater

Pf there is  insufficient headwater elevation to obtain the required
discharge, it is necessary to oversize the culvert barrel, Tower the inlet
invert, use an fdrrequiar cross section, or use any combination of the
preceding.

If the inlet invert {is lowered, special consideration must be given to
SCoUY. The use of gabions or concrete drop structures, viprap, and
headwalls with aprons and toe walls should be investigated and compared to
obtain the proper design.

Culvert Dutlet

The outtet velocity must be checked fto determine if excessive scour will
occuy downstream. If scour is indicated, then riprap. an expanding end-
section, or a more sophisticated energy dissipating structure should be used
as discussed in Section 8 of this manual.

Minimum Slope

To prevent sediment from plugging the culvert, the culvert slope must be
equal to or greater than the slope required to maintain a minimum velocity
of 2.5 feet per second. The slope should be checked for each design, and if
the proper minimum velocity is not obtained, the pipe diameter may be
decreased, the slope steepened, a smoother pipe used, or a combination of
these may be used.
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§5.50 Culvert Desion with Improved Inlets

The objective of this design procedure is the hydraulic design of culverts,
using improved inlets. This design procedure hinges on the selection of a
culvert barrel based on its outlet-control performance curve, which is
unique when based on elevation. The culvert inlet is then manipulated using
edge improvements and adjusiment of its elevation in order to achieve inlet-
control performance compatibie with the outiet-control performance. The
resultant culvert design will best satisfy the criteria set by the designer
and make optimum use of the barrel selected for the site.

Design Procedure

The flow chart shown in Figure 6-7 outlines the steps of the design
procedure, and each step is discussed in detail beltow. Design calcuiation
forms and design charis and tables that are included are located at the end
of this section.

Step 1. Determine and Analyze Site Characteristics.
Step 2. Perform Hydrologic Analysis.
Step 3. Perform OQutiet-Control Calculations and Select Culvert.

Qutlet~control calcultations are performed before iniet-control calcultations
in order to select the smallest feasible barrel which can be used without
the required headwater elevation in outlet control (Hiy) exceeding the
allowable headwater elevation {AHM FL.)}. For use in this procedure, the
eguation for headwater is in terms of elevation.

The full-flow outlet-control performance curve for a given culvert {size,
inlet edge, shape, or material) defines its maximum performance. Therefore,
intet improvements beyond the beveied edge or changes in inlet iavert
elevation will nol reduce the required outiet control headwater elevaticn.
This makes the outlet-control performance cuvrve an ideal Timit for improved
inlet design.

When the barrei size is increased, the outlet-control curve {5 shifted to
the right, indicating a higher capacity for a given head (see Figure 6-8).
Also, it wmay be generally stated that increased barvel size witl flatien the

slape of the sutiet-control curve,
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The outlet-control curve passing closest to and below the AlW Ll for the
design Q. on the performance-curve graph defines the smallest possible
barrel which will meet the hydraulic design criteria. However, that curve
may be very steep (rapidly increasing headwater requirements for dischavrges
higher than design}, or the use of such a small bharrel may not be practical,
The proper culvaer selection procedure st

a. Calculate HW, at design discharge for trial culvert sizes,
entrance conditions, shapes, and materials,

b. Caiculate headwaber elevations at two additioral discharge values
in the vicinity of design § in order to define outlel- control
performnance.

C. Plot outlet-control performance curves for trial culvert sizes.
d, Seiect harrel size, shape, and material.

This selection should not be based solely on calculations which indicate
that the required headwater at the design discharge is near the AHW EL., bul
should also be based on ovtiet velocity as affected by material selection,
the designer's evaluation of site characteristics, and the possible
consequences of a flood occurrence in extcess of the estimated design flood.
A sharply rising outlet-control performance curve may be sufficienl reason
to setect a culvert of different size, shape, or material,
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In order to calculate the barrel size reguired in ouilet control, the
applicable outlet-control nomograph may be used as follows:

a. Intersect the "Turning Line®™ with a line drawn belween Discharge
and Head, H. To estimate H, use the following equation:
Ho= AHW EL. - EL. Outlet Invert - hg

where h, may be selected as a culvert height. Accuracy s
not critical at this point.

b, Using the point on the "Turning Line", k., and the barrel length,
draw a line defining the barvel size,

This size gives the designer a good first estimate of the Dbarrel size and
more precise sizing will follow rapidiy.

Step 4. Perform  Intet-Control  Calculations for  Conventional and
Beveled-~Edge Culvert Inlets

The catculation procedure is similar to that used in HEC No. 5, except that
headwater is defined as an elavation rather than a depth, a FALL may be
incorporated upstream of the culvert face, and performance curves are an
essential part of the procedure. The depression or FALL should have
dimensions as described for side-tapered inlets.

a, Calculate the required headwater depth, Hg, at the culvert face at
design discharge for the culveri selected.

. Determine required face invert elevation to pass design discharge
by subtracting He from the AHW EL.

C. If this dnvert elevation is above the stream bed elevation al  the
face, the invert would generally be placed on the stream bed and
the culvert will then have a capacity greater than design 0 with
nheadwater al the ARW EL. ‘

d. [ this dnvert elevation is below the stream bed elevaition at  the
face, the invert must be depressed, and the amount of depression
15 termed the FALL.

.  Add Hy to the invert elevation to determine HWp. If HWg is  Jower
than HWgy, the barrel operates in outlet control at design (.
Procead to Step 8, Figure 6-7.

F. [ the FALL is excessive in  the designer's judgment from the
standpoint of aesthetics, economy and other engineering reasons, a
need for inlet geowetry refinements is indicated. If square edges
were used in Steps 3 and 4 above, repeal with beveled edges. If
heveled edges were used, proceed to Step 5.

6 - 21



g. If the FALL s within acceptable limits, determine  the
inlet-control performance by calculating vrequired headwater
elevation using the flow rates from Step 3 and the FALL determined
above. HW¢ = Hy + EL. face invert.

h. Plot the infet-control performance curve with the outiet-contvol
performance curve plotted in Step 3.

i. Proceed to Step 6.

ol

o2 o5 ,,,f/
gt @
AN P
A 4 %'\,, -
?3%?\& z%l}“\’}“ 4
' e
:
. A /’/

INLET CONTR - e
= Q\, M w2 °
o ot e al o
= AMW EL. \53%. M ‘ v P
o e ot pubade o
g Mﬂﬂoa" e ‘0@"“&9}‘:’:’ Mﬂ#ﬂf ‘
lﬁ MM L ﬁ\dd\j’;’rﬂw /w’ /
; M MMM GO N / /
£ ’ et SO 442
= %MM ol e
£ -

A

-

o

1 E

o . INLET
e " MODIFICATIONS
- o 5 TGO ATTAIN MIRIMUM
o e i REQUIAED PERFORMANCE
[
HECHARGE
Figure 6-9
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The same concept is involved here as with conventional or beveled-edge
culvert design.

d.

f.

Step 6.

Calculate required headwater depth on the throat (Hy) at
design Q for the culvert selected in Step 3.

Determineg required throat elevation fo pass design discharge
by subtracting Hy from the AHW EL.

If this throat invert elevation is above the stream bed
elevation, the iavert would probabiy be placed on the stream
bed and the culvert throat will have a capacity greater than
the design (0 with headwater at the AHW EL.

If this throat invert elevation is beiow the stream bed
glevation, the invert must he depresesed, and the elevation
differance between the stream bed at the face and the throat
invert is termed the FALL. If the FALL is determined to be
aexcessive, a larger barrel must be selected. Return to Step
5(a).
Add Hy to the invert elevation to determine HWy. If HWp is
tower than HW,, the culveri operates in outiet control at
design (. In this case, adequate performance can probably be
gchieied by the use of beveied edges with a FALL. Return to
tep 4.

Define and piot the throat-control performance curve.

Analyze the effeact of FALLS on Inlet-Control Section
Performance

[t is apparent from Figure 6.9 that either additional FALL or inlet
improvemants woutd increase the culvert capacity in inlel control by
moving the inlet-control performance curve to the right toward the
outiet-control performance curve. If the outlet-control performance
curve of the seiected culvert passes below the point defined by the AHW
El.. and the design (, there is an opportunity to optimize the culvert
design by selacting the inlet so as to either increase its capacity to
the maximum af the AHW EL. or to pass the design discharge at the
lowest possible headwater elevation.
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Some possibilities are itlustrated in Figure 6-10. The wminimum intet-
control performance which will meet the selected design criteria fis
illustrated by Curve A. This design has merii in that minimum expense for
intet improvements and/oy FALL is incurred and the inlet will pass a flood
in excess of design 9 before performance s governed by outlet controt.
This performance is adequate in many locations, including those Tlocations
where headwaters in excess of the AHW EL. woutd he tolerable on the vrare
occasion of floods in excess of design {.

Curve B illustrates the performance of a design which takes full advantage
of the potential capacity of the selected culvert and the site to pass the
maximum possibie flow at the AHW EL. A safety factor in capacity is thereby
incorporated in the design. 7This can be accomplished by the use of a FALL,
by geometry improvements at the inlet or by a combination of the two.
Additional inlet improvement and/ov FALL will not increase the capacity at
aor above the AWW L.



There may be reason to pass the design flow at the lowest possible headwater
elevation even though the reasons are insufficient to cause the AHW EL. to
be set at a Tower elevation. The maximum possible reduction in headwater at
design Q s illustrated by Curve C. Additional inlet improvement and/or
FALL will not reduce the required headwater elevation at design Q.

The water-surface elevation in the natural stream may be & Timiting factor
in design, i.e., it is nol productive to design for headwater at a lower
elevation than natural streamflow elevations. The reduction in headwater
elevation illustrated by Curve € dis Timited by natural water surface
elevations in the stream. If the water surface elevations in the natural
stream had fallen below Curve D, this curve would illustrate the maximum
reduction in headwater elevation at design Q. Tailwater depths calculated
by assuming normal depth in the stream channel may be used to estimate
natural water-surface elevations in the sitream at the culvert inlet. These
may have been computed as a part of Step 3.

Curve A has been established in either Step 4 for conventicnal culverts or
Step 5 for dimproved inlets. To define any other inlet-control performance
curve such as B, C, or D for the same control section:

a. select a point on the cutlet-control performance curve.

L. Measure the vertical distance from this point to Curve A. This is
the difference in FALL between Curve A and the curve to be
established, e.g., the FALL on the control section for Curve A
pius the distance between Curves A and B is the FALL on the
controt section for Curve B.

For conventional culverts only:

o Estimate and compare the costs dincurred in FALLS (structura)
excavation and additional culvert length) to achieve various
levels of inlet performance.

do o Select design with dacvement in cost warranted by increased
capacity and improved performance.

2, If FALL required to achieve desired performance is excessive,
proceed to Step 5.

f. If  FALL is acceptable and performance achieves the design
objective. proceed to Step 8.

Step 7. besign Side- and/or Stope-Tapered Intet (Figures 36 through 39).

Side-tapered dinlets have an enlarged face area with a transition to the
culvert barrel accomplished by tapering the sidewalls. The inlet has gqual
barrel and face heights except for the addition of a top bevel at the face.
Slope-~tapered inlets provide a greater head at the control section. The
capacily depends tavgely upon the amount of FALL between the invert at Lhe
face and the invert at the throat section.
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The face is the entrance of the barrel perpendicuiar to the flowline. The
throat l1ies within the barrel section and is the intersection of the
transition section and the barrel. The face or throat control is that
section which governs the hydraulics of the structure.

Lither a side- or slope-tapered injet may be used if a FALL is required on
the throat by use of a depression {FALL) upstream of the face of a side-
tapered inlet or a FALL in the inlet of a slope-tapered inlet.

The face of the side- or the slope-tapered intet should be designed to be
compatibie with the throat performance defined in Step 6. The basic
principles of selecting the face design are illustrated in Figure 6-11.

The mintmum face design is one whose performance curve does not exceed the
AW EL. at design Q. However. a "balanced" design requires that full
advantage be taken of the increased capacity and/or lower headwater
requirement gained through use of various FALLS. This suggests a face-
control curve which intersects the throat-control curve: (1) at the AW
L., 12) at design Q, (3) at its intersection with the ouilet-control curve,
or {4) other. These opticns are illustrated in Figure 6-11 hy points a
through e representing the intersections of face-control curves with the
throat-controel curves. The options are explained as follows: (1)
Intersection of face- and throat-control curves at the AHW EL. {Point a or
b): For the minimum acceptable throat-control performance (Curve A), this is
the minimum face size that can be used without the required headwater
elevation (HWg) exceeding the AHW FL. at design Q {Point a). For throat-
control performence greater than minfmum but equal to or less than Curve B,
this fs the minimum face design which makes full use of the FALL placed on
the throat to increase culvert capacity at the AHW EL. (Point b). (2)
Intersection of face- and throat-control curves at design O (Points a, ¢, or
d): This face design results in throat control at discharges equal to or
greater than design Q. It makes full use of the FALL to increase capacity
and reduce headwater regquirements al fiows equal to or greater than the
design Q. (3} Intersection of the face-control curve with throat-control
curve at its intersection with the outlet-controil curve {Points b or e):
This option is the minimum face design which can be used to make full use of
the increased capacity available from the FALL placed on the throat. It
cannot be used where HW¢ would exceed AHW EL. at design (; e.g., with the
minimum acceptable throat-control curve. {4) Variations in the above
options available to the designer. The culvert face can be designed so that
cuivert performance will change from face control to throat control at any
discharge at which inlet control governs. Options (1) through (3), however,
fuifill design objectives of minimum face size to achieve the maximum
increase in capacity possible for a given FALL, or the maximum possible
decrease in the required headwater for a given FALL for any discharge equal
Lo or greater than design Q.

Figure 6-12 illustrates the optional tapered-iniet designs possible. Note
that the intet dimensions for the side-tapered iniet are the same for all
options. This is because performance of the side-tapered inlet nearly
paraltels the performance of the throat, and an increase in headwater on the
threat by virtue of an increased FALL vesults in an almost equal increase 1in
headwater on the face. Each foot of FALL on the throat of a culvert with a
side~tapered inlet requires additional barrel length equal to the 111
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slope; e.g., if the fi11 slope is 3:1, use of 4 ft of FALL rather than 3 fi
results in a culvert barrel 3 ft longer as well as increased culvert
capacity and/or reduced headwater reguirements.

INLET STRUCTURE DIMENSIONS
Side-Yapered Siope-Tapered
POil"lT FALL Bf K L—i‘th) . “Bf 14 L«i{Ft.)
& 3.5 2.0 x 8.0 13.5 x 11.0
w]| b 8.0 7.0 x 20.0
& ¢ 8.0 27,5 x 39.0
d 10.0 52.5 x 89.0
e 8.0 22.5 x 29.0
I
- 8
5 &
2 b
<
=
i3]
ad
wl
[am
[FFINT,
e D
é 2
A NATURAL WS,
% ELEVATIONS
o | CNSQQ INLET DESIGN
8 o OPTIONS
\),‘\5‘, & X 6" REINFORCED
%) CONCRETE BOX CULVERT
1 13 1
800 o0 1000 1100 1200
DISCHARGE, ofs

Figure 6-12

Face dimensions and inlet length increase for the slope~tapered inlet as the
capacity of the culvert is increased by additional FALL on the throat. No
additional head 1is created Tor the face by placing additional FALL on the
throat. On the other hand, use of a greater FALL at the throat of a culvert
with a slope~tapered inlet does not increase culvert length.

The steps followed in the tapered-inlet designs are:
a. Compute Hf for side- and slope-tapered inlets for various FALLS at

design Q and other discharges. Side-Tapered Inlet: Hg = Hy - 1.0
(approximate}. Slope-Tapered Intet: Hgy = HW EL. - Streambed EL.
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at face,

b. Determine dimensions of side- and slope-tapered inlets for trial
options.

C. For  slope-tapered finlets with wmitered face, check for crest
control.

d. Compare construction costs for various options, inciuding the cost
of FALL on the throat.

. setect design  with incremental  cost wavranted by increased
capacity and improved performance.

From the above, it is apparent that in order to optimize culvert design,
performance curves are an integral part of the design procedure. At many
culvert sites, designers have valid reasons for providing a safety factor in
designs. These reasons  include uncertainty in  the design  discharge
estimate, potentially disastrous results in property damage or damage to the
highway from headwater elevations which exceed the allowable, the potential
for development upstream of the culvert, and the chance that the design
flood will be exceeded during the 1ife of the installation.

Dimensional Limitations
Side-Tapered Inlets {See List of Symbols.)
Lo 6:1 2 Taper > 4:]

tapers greater than 6:1 may be used but performance will be
underestimated.

2. Wingwall flare sngle from 15 degrees to 26 degrees with top edge
beveled or from 26 degrees to 90 degrees with or without bevels.

3. LEOFALL s used upsiream of face, extend bavrel siope upstream
from face a distance of B/2 before stoping upward more steeply.

4. For pipe culverts, these additional requirements apply:
a. b F L
b Length of square to round transition 2 050

c. FALL zop/4

e. Wy = Be T or 47, whichever is larger.
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Slope-Tapered Intet (See List of Symbols.)

1.

6:1 >=Taper = 4:1
Tapers >~ 6:1 may be used, but performance will be underestimated.
3.1 ;38f 22:1
If S5¢ > 3:1, use side-tapered design
Minimum Lg = 0.5B
1.5D > FALL = p/4
For FALL < D/4, use side-tapered design

For FALL > 1.5D, estimate friction Jlosses between face and
throat.

Wingwall flare angle from 15 degrees to 26 degrees with top edye
beveled or from 26 degrees to 90 degrees with or without bevels.

For pipe culvert, these additional requirements apply:
a. Square to circular transition length > 0.5D.

b, Square~throat dimension equal to barrel diameter. 1t is not
necessary to check squave-throat performance.

& - 30



Examplie 1

Box Culvert

Given: Besign Discharge, Q = 1,000 cfs, for a 10-year recurrence interval
Stope of stream bed, Sq = 0.05 ft/ft
Allowable Headwater Etevation = 200.0 T% ms]
Elevation Outlet Tnvert = 172.% i msl
Culvert Length, Ly = 350 ft

Downstream channel approximates an 8-t wide trapezoidal channel
with 2:1 side slopes and a Manning®s *n* of 0.03.

Requirements: This box cuivert will be Tocated in a rural area where the
Allowable Headwater Elevation is not too critical; that is,
the damages are low due to exceeding that elevation at
infrequent times. Thus, the cuivert should have the smallest
possible barrel to pass design ( without exceeding AHW EL.
Use a veinforced concrete box with n = §.012.
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Conclusion

Since the requirements called for the smailest possible reinforced
concrete box culvert, the barrel should be a single 7 ft x 6 ft.

selection of the inlet would be based on cost. The additional 1.3 ft
of FALL gains 62 cfs at AHW FL. = 200.0, but this is not significant
at this site. It appears that a side- opr stope-tapered design meeting
the  and HW requirements of point 1 would be adequate and the ieast
expensive.

Examination of the outlet control curve shows that a discharge of 1,200
cfs (20% above design) results in an AHW EL. 5.5 Tt ahove design, At
this site, no serious flooding of upstream property or the roadway will
be caused by such a headwater, and no farger barrel is required.

The dimensions of several alternate inlet structyre designs  are
presented, based on points 1, 2, and 3 on the culvert performance
curves. Note that the side-fapered inlets remain about the same  size
for all FALL values, while the slope-tapered inlets increase in size as
FALL  increases. However, the side-tapered inlets require  an
increasingly larger upstream sump as FALL increases. Which design will
be more favorable will be a  matter of  economics and  site
considerations,




Given:

Requirements:

Example 2
Pipe Culvert

Design Discharge, Q1 = 150 cfs

Allowable Headwater Elevation = 100.0 ft ms]
Elevation OQutlet Invert = 75.0 fi msi
Culvert Length, L = 350 ft

Downstream channel approximates a b-ft-wide ‘trapezoidal
channel with 2:1 side slopes, a Manning's "n" of 0.03, and
Sp = 0.05.

This pipe culvert is located in a suburban area where the AHW
FL. may be exceeded by 2 to 3 ft without extreme damage.
However, headwater elevations greater than 103.0 ft should be
avoided for flows significantly higher than the design Q of
150 cfs.
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Example 2

Conclusion

From the performance curves, beveled edges meei the AHW EL, of 100 ft
and Q = 150 cfs, while the use of a side-tapered inlet would increase
to 170 cfs at AHW EL1. = 100 ft. In both cases, the FALL = 0. It
appears that the beveled-edge inlet would be sufficient and the least

costly in this case, since the culveri performance curve does not
exceed 103.0 ft until Q is 186 cfs.

For additional exampiles consult Appendix A of Reference 4.

Design Figures

Capacity charts and nomographs covering the range of appiications commonly
encountered in urban drainage are contained in this section. These charts
are from Federal Highway Administration publications. For situations beyond
the range covered by these charts reference should be made to the original
pubtications.
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Figure 6-14 Culvert Capacity
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Figure 6-16 Culvert Capacity
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Fiqure 6-17 Culvert Capacity
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Figure 6-19 Culvert Capacity
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TABLE 6-2
Entrance Loss Coefficients

Qutlet Control, Full or Partly Full

Type of Structure and Design of Entrance Coefficient ke

Pipe, Concrete

Projecting from fiiT, socket end {groove end) 0.2
Projecting from fill, square-cut end 0.5
Headwall or headwall and wingwalls
Socket end of pipe {groove end) 0.2
Square-edged 0.5
Rounded (radius = 1/12D) 0.2
Mitered to conform to fill slope 0.7
*tnd section conforming to fil1l slope G.5
Beveled edges, 33.7-degree to A5-degree hevels 0.2
Side- or slope-tapered inlet 0.2
Pipe, or Pipe-Arch, Corrugated Metal
Projecting from 111 (no headwall) 0.9
Headwall or headwall and wingwalls square-edge 0.5
Mitered to conform to i1l slope, paved or
unpaved slope Q.7
*End section conforming to 111 slope 0.5
Beveled edges, 33.7-degree to 4h-degree bevels 0.2
Side- or stope-tapered inlet 0.7
Box, Reinforced Concrete
Headwall paraliel to embankment {no wingwalls)
Square-edged on 3 edges 0.5
Rounded on 3 edges to radius of 1/12 barrel
dimension, or beveled edges on 3 sides 0.2
Wingwails at 30 degrees to 75 degrees to barrel
Square~adged at crown 0.4
Crown edge vounded to radius of 1/12 barrel
dimension, or beveled top edge 0.2
Wingwall at 10 degrees to 25 degrees to barrel
Square-edged at crown 0.5
Wingwalls parallel (extension of sides)
Square-edged at crown 0.7
Side~ or siope-tapered inlet 0.2
*Note: End sections conforming to fi1T slope are the sections

available from manufacturers. From Iimited hydraulic tests
are equivalent in operation to a headwall in both iniet and ou
control. Some end sections incorporating a closed taper in

design have a superior hydraulic performance.
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PROJECT: OUTLET CONTROL DESIGNER: _.
DESIGN CALCULATIONS
STATION: DATE:
INITIAL DATA:
Q= SR el SKETCH
AHWS ElR e T,
So% AHW El.
Lawe == on ol .
El Qutiet
Invert ft
Stream Oato:
el v
First Approximation \‘/
Q= cfs, kg = Lo= ft El Outlet
H:AHW El.—El Outlet Invert—h, Iiyert
Barrel Shape z = e L
and Material e As 12 or D= ft; Try
% (1) (2) (3) (4) (5)
Q Q: &+D COMMENTS
Q N H NB de 2 Qn TW ho HWo Vo
Trial No , N= , B= , D= , Kes=
Trial No. , N= , B= , D=  Ke=
Trial No. N= , B= , D= s Ke=
Notes and Ions ' SELECTED DESIGN
(1) dc cannot exceed D
(2) TW based on dn in natural channel. Na e v P At Design Q'
or other downstream control.
= .0 ) T M e g )
(3) ho Lz or TW, whichever is larger. o . HWe* i
(4)HWo = H+ ho+ El. Outlet Invert, e e VaEi— A
(5) Outlet Velocity (VarQ/Area defined by dc
or TW, not greater than D. Do not compute 29n2. | | y2
until control section is known. ® H= |l¢ks+=pr 29

Figure 6-40 Design Computation Form for Improved Culverts
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T. DESIGNER:
PROJES CULVERT INLET CONTROL SECTION ¢
ULATION
STATION: PESIGH= CALL 1088 DATE:
INITIA ATA :
Q . cfs
AHW El = ft.
o AHWEL
Las= ft.
El. Stream
Bed at Face 1. Hy
Barrel Shope !
and Material Borrel ne. \ Inlet S —a
2 S—a Structure g} Throat Invert
N= r 8=
Kt Eacyimmt TAPERED INLET
J % INLET: FACE CONTROL SECTION (Lower Headings)
(Pipe) ND™ = (Upper Headings)
DEFINITIONS OF INLET CONTROL SECTION
(1) (2) (3) (4) (5) Note: Use Upper Headings for
Q He EL gl. Coventional or Beveled Face;
NB 0 H Face tream Lower Headings for Tapered
g % Invert | Bed o Inlet Throat,
At
s Twoar | FO6*
L COMMENTS
Q G‘z ) Hy Invert FALL | HW, S Vo
Trial No,——nu. Inlet and Edge Description
Trial No. Inlet and Edge Description
Trial No. Inlet and Edge Dascnption

Notes and Equations: SELECTED DESIGN

(1) ELFace( or throat) invert = AHW El-Hg (or Hy)

(2) FALL=El. Stream Bed at Face—El. face (or throat) invert nlet Description:

(3) HWs (ar HWy ) = Hy (or Hy) = EL. face (or throat) FALL = ft.
invert , where EI foce (or throat) Invert El = ft.
invert shauld not exceed El. stream bed. Bevels:

(4) S S,-FALL/Lg Angle =

(5) Outlet Velocity *Q/Area defined by dn ot S b= in., d= in.

Fiqure 6-41 Desian Computation Form for Improved Culverts
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PROJECT: DESIGNER:
SIDE-TAPERED INLET
; DESIGN CALCULATIONS
STATION: DATE:
INITIAL DATA SKETCH
Q = cfs So* El—
AHW El = . (T S— | ) ack
TAPER = i
Borrel Shape
and Materiol a0 [T —
Face Edge l—i
Description SLiSe
N B ft, D= ft By Ia
-Taper
(1) Q M(Z) (3) (4) (5) | Upper Headings for Box
He —3?- 0:;2 in. Culverts, Lower Heodings for
£l D &0 B¢ e Pipes
Treo He o ' i, £k COMMENTS
Q  |invert [ E AER E2 Aq By Ly S LS | lnvert
Triol No. ,Q= , HWy =
By 3’3@ AES) s e
Trial No. Q= , HWg=
MO A
Trial No. Qe . HW =
B 0% EY e
Notes ond Equations: ; SELECTED DESIGN
(1) Hg7D[or He/E] = (HWy—EL Throat inveri— 1)/ D[or E] Bea 2 ih e
DsE=LID 3 Lys ;
(2) Min. Be= g
; 032)a 4 5,03’2l Bevels: Angle _____°
Q d= in., b= in.
MinAg= (e T72) 07 A’Euz, Crest Check:
Bl"NB 3 " HW; e e i1
(3) L.-[z—:l TAPER Mo ft:
DI Q/w=—_(Chart I7)
rom n
: - Min. W= .
(S) El.Face Invert —E|.Throat Invert > | f1., recompute.
Face and Throat may be lowered to better fit site, but do not raise.

Fiqure 6-42 Desian Computation Form for Imprcved Culverts
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PROJECT:

SLOPE- TAPERED INLET
STATION: DESIGN CALCULATIONS DATE:
Q= CTR S
AHW EL. 0 _ 1. Lg= 1.
El. Siream
bed ot crest —___ ft
El. stream
bed at face ft
TAPER = __:1 (4] to 6!1)
Se®——:1 (201 to 3°1)
Barrel Shape
and Material
Inist Edge
ipti SYMMETRICAL FLARE
Description ———— ANGLES FRON 1550 808 i
Ns B¢, ft, 0= ft VERTICAL MITERED
(1) (2) (1)
Theoat Eu ) i
a Comments
ouwflmxmmm%a‘ns”?c"le'&s
MORa____
s
=
g T ST
~
=]
=
Note: Usa only throat designs with FALL »0.25D
(1) EL face Invert: Vertical®Approx, stream bed elevation at face
Mitered = EI. Crest ~y, where y « 0.40 (Approx.), but higher
than throat invert elevation.
(2.) Hf = HWy=El. face invert
(3) Min, B¢ s a =
103/2)(a 1 8,03/2)
@ | ® | @ (7 @ | @ | | 12) GEOMETRY
Min. Check | Adj | Adj Q Moy | Sttt Gttt
L3 Le L2 L2 Ls |TAPER | L w (7] He Cglﬂ Lyt L ft
Lge—ft do___in.
b in
TAPERs ___:|

(4.) Min. Ly=0.5N8

(5) Lg=Sty+ D/St (Mitered only)
(8.) L =(El. Face (Crest) Invert=El.
Invert) S¢=Lag

(7)Chack L = |BEN®] ropen-i,

=t

(8) I (7)>(6), Adj. L,%‘{‘—q TAPER-L,

(9) I (6)X7) AdLTAPER »(Lz+ L3),/ [_E‘-zﬂﬂ

1Q)L» Lo+ Ly+ Ly
uum:w-;mz&'&a

(12.)Mem Crest EI. = HW = He

Figure 6-43 Design Computation Form for Improved Culverts

\
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Area of bend section of stope-tapered inlets

Aresa of inlet Tace section

Area of inlet threoat section

Allowable headwater elevation at culvert entrance
Width of culvert barrel or diameter of pipe culvert
Himension of side be bevel

Width of bend section of siope-tapered inlets

Width of face section of improved inlets

Discharge coefficient based on bend section control
Discharge coefficient based on face section control
Discharge coefficient based on throat section contro}
Height of box culvert or diameter of pipe culvert
Bimension of fop bevel

Critical depth of flow

Height of side-tapered pipe-cutvert face section, excluding

Approximate depression of control section below the stream
Acceteration of gravity = 32.2

Head or energy vequired to pass a given quantity of water
through a culvert flowing in outlet control

Depth of poot, or head, above the bend section invert
Depth of pool, or head, above the crest
PDepth of pool, or head, above the face section invert

Depth of pool, or head, above the throat section invert

6.70 List of Symbhols
symbol  Units  Description
Ay sq fi
Ap sq ft
Ay sq ft
AHW EL. ft
B ft
b in.,
By ft
Bg ft
Cd
Cr
Cy
y ft
d in.,
de Tt
E fi
bevel dimension
FALL ft
bed
q ft/sec2
H ft
Hp Tt
He fi
Mg e
Mg ft
HG Line Tt

Hydraulic grade line

b - 78



Headwater elevation; subscript indicates control section
(HW, as used in HEC #5, is a depth and is equivalent to Hy

Headwater elevation required for flow to pass crest in
Headwater elevation required for flow to pass face section
Headwater elevation required for culvert to pass flow in
Headwater elevation required for flow to pass throat
section in throat control

Flevation of equivalent hydraulic grade line referenced to

Entrance energy loss coefficient

A dimensionless effective pressure term for bend section
A dimensionless effective pressure term for inlet throat

Approximate total length of culvert, inciuding inlet face

Dimensions relating to the improved inlet as shown in
sketches of the different types of iniets

Manning's roughness coefficient

Hydraulic radius = Area
Wetted Perimeter

Stope of culvert harrel

Symboil  Units  Descriptions
Hid ft
in this Manual)
HW ft
crest control
HWs Tt
in face control
HiWg ft
outlet contro?
Hily ft
ho ft
the outlet invert
Ke
Ky
control
kg
control
La ft
section control
L1, Lo,
L3, Lg Tt
i Number of harrels
1l
P ft l.Length of depression
Q cfs Volume rate of fTow
R ft
5 fL/ft
Se ft/ft  Slope of embankment
S¢ /Tt

Slope of FALL for slope-tapered inlets (a ratio of
horizontal to vertical)

&~ 79



symbol  Units  Description

Sa ft/ft  Siope of natural channel

T ft Depth of the depression

Taper ft/ft  Sidewall flare angle (alsc expressed as the cotangent of

the flare angle)

W ft Tailwater depth at outlet of culvert referenced to outlet

invert elevation

y ft/sec Mean velocity of flow

W ft Width of weir crest for slope-tapered inlet with mitered

face

W i Top width of depression

¥ ft Difference in elevation between crest and face section of a

slope-tapered inlet with mitered face
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Section 7
Open-Channel Flow

Upen channeis for use in the wajor drainage system, have significant
advantage tin regard to cost, capacity, wuitipie use for recreational and
aesthetic purposes, and potential for detention storage. Disadvantages
inciude right~of-way needs and waintenance costs. Carefui planning and
design are npeeded to minimize the disadvantages, and Lo increase the
benefits.

The ideal channel is a natural one carved by nature over a long period of
time. The benefits of such a channel are that:

Velocities are usually Tow, resulting in a longer time of concentration
and tower downstream peak fiows.

Channel storage tends to decrease peak flows.

Maintenance needs are usualiy low because the channel is somewhat
stabilized.

The channel provides a desirablie green belt and recreational area
adding significant social benefits.

Generatly speaking, the natural chanpel, or the man-made channel which most
rearly conforms to the character of a natural channel, is the most efficient
and the most desirabie.

Inomany areas facing urbanization, the runoff has been so minimal that
natural channels do not exist. However, small trickie paths nearly always
exist which provide an excellent basis for Tlocation and consiruction of
channels.  Good land planning should reflect even these miniwal trickle
channets to reduce deveiopment costs and minimize drainage problems. In
some cases the prudent utilization of natura® water routes in  the
development of a major drainage system wiil reduce the requirements for an
underground storm sewer system,

Channel stabiiity is a well recognized problem in urban hydrology because of
the significant increase in low flows and peak storm runoff rates. A
natural channel must be studied to determine the measures needed to avoid
future bottom scour and bank cutting. Erosion control measures can be taken
at reasonable cost which will preserve the natural appearance without
sacrificing hydrauiic efficiency.

/.10 Channel Discharge

Manning's Equation

Lareful attention wust be given to the design of drainage channels to assure
adequate capacity and minimum maintenance to overcome the results of erosion

and siiting. The hydraulic characteristics of channels shall be determined
by Manning's eguation,



Q = ~n  ARD.67 50.5 {7-1)
where:

G = discharge in cfs

n = coefficient of roughness

A = cross-sectional area of channel in sgq. ft.

! = hydraulic radius of channel, _A , in feet;

p = wetted perimeter, in feet; and

S a slope of the frictional gradient, in feet per foot.

Uniform Flow

For a given channel condition of roughness, discharge, and slope, there is
only one possible depth for maintaining a uniform flow. This depth is the
normal depth. When roughness, depth, and slope are known at a channel
section, there can only be one discharge for maintaining a uniform flow
through the section. This discharge is the normal discharge.

If the channel dis uniform and resistance and gravity forces are in exact
balance, the water surface will be parallel to the bottom of the channel,
this is the condition of uniform fliow.

Uniform flow is more often a theoretical abstracticn than an actuality. True
uniform flow s difficult to find in the field or to obtain in the
laboratory. Channels are sometimes designed on the assumption that they
will carry uniform flow at the normal depths, but because of conditions
difficult if not impossible to evaluate and hence not taken into account,
the flow will actually have depths considerably different from uniform
depth. The engineer must be aware of the fact that uniform flow computation
provides only an approximation of what will occur.

Normal Depth

The normal depth is computed so frequently that it is convenient to use
nomographs for various types of cross sections to eliminate the need for
trial and error solutions, which are time consuming. Nomographs for uniform
flow are given in Figures 7-1 and 7-2.
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7.20 Design Considerations

Man-made channels should have trapezoidai sections of adequate cross-
sectional areas to take care of uncertainties in runoff estimates, changes
in channel coefficients, channel obstructions and silt accumulations.
Figure 7-3 shows severai typical cross sections used for urban drainage
channels with grass cover.

Accurate determination of the "n" value is ¢ritical in the ahalysis of the
fydraulic characteristics of a channel.  The "n" value for each channel
reach should be based on experience and Judgment with regard to the
individual cinannel characteristics. Table 7-1 gives a wethod of determining
the composite roughness coefficient based on actual channel conditions.

Where practicable, unlined c¢hannels should have sufficient gradient,
depending upon the type of soil, to provide velocities that wiil be se}f-
cleaning but wiil not be so great as to create erosion. Lined channeis,
drop structures, check dams, or concrete spillways may be required to
control erosion that results from the high velocities of large volumes of
water.  Unless approved otherwise by the appropriate agency, channel
vetocities in man-made, unlined channels should not exceed 6 fps.

Maximum permissible design velocities are shown in Table 7-3 for earth
channels with varfous vegetative cover.
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TABLE 7-1

Composite Roughness Coe¥iicients for Channels

n={ng+ny+no+ng+ng)m

Channel _Conditions Value
Material Invoived Earth 0.020
nQ Fine Gravel 0.024
Coarse Gravel 0.028
Dagrea of Smaoth 0.000
Irregularity Minor 0.005
ny Moderate 0.010
Sevare 0.020
Variation of Channe! Gradual 0.000
Cross Section Alternating
ny Occasionally 0.005
Alternating
Frequently 0.0L0
Relative Effect Negligible 0.000
Of Obstructions Minor 0.010 -
n3 Appreciabie 0.020
Severe 0.040
Veyetation LOW 0.005
Medium 0.010
ng High 0.02%
Very High 0.050
Begree of Minor 1.000 -
Meandering Appreciabie 1.200
i Severe 1.500

[an Rk a3 s S oo OO o

—

(7-2)

015
030
060

.010
025
050
10U

. 200
.500



TABLE 7-2

Roughness Coefficients for Channels

Type of channel and description Minimum  Normal Maximum

it 0 e R e e i i PRS- [P VR

EXCAVATED OR DREDGED

a. Earth, straight and uniform

1. Clean, recently completed 0.016 0.018 0.020

2. Clean, after weathering 0.018 0.022 0.025

3. Gravel, uniform section, ciean 0.022 0.025 0.030

4. With short grass, few weeds 0.022 0.027 0.033
b. tarth, winding and sluggish

1. No vegetation 0.023 0.025 0.030

2. Grass, some weeds 0.025 0.030 0.033

3. Dense weeds or aguatic plants

in deep channels 0.030 0.035 0.040

4.  Earth bottom and rubble sides 0.028 ¢.030 0.035

5.  Stony bottow and weedy banks 0.025 0.035 0.040

6. Cobble bottom and clean sides 0.030 0.040 0.050
¢. Dragline-excavated or dredged

1. No vegetation 0.025 0.028 0.033

2. Lignt brush on banks 0.035 0. 050 0.060
d. Rock cuts

1. Smooth and umiform 0.02% 0.035 0.040

2. Jagged and irreguiar 0.035 0.040 0.050
e. Channels not maintained, weeds and

brush uncut

1. Dense weeds, high as flow depth 0.050 0.080 0.120

2. Clean bottom, brush on sides 0.040 0.050 0.080

3. Same, highest stage of flow 0.045 0.070 0.110

4. Dense brush, high stage 0.080 0.100 .140



TABLE 7.2 (continued)

Roughness Coefficients for Channets
TypekofwchanngluqqdﬁQgsqﬁiption i n T inum Normal Max Tmum

NATURAL STREAMS

Minor streams (top width at flood stage

100 £1)
d. Streams on plain
i, Clean, straight, fuli stage,
no rifts or deep pools U.025 0.030 0.033
2. Same as above, but more
stones and weeds U030 2.035 0.040
3. Clean, winding, some poots
and shoats U433 0,080 U.045
4, Same as above, but some
weeds and stoneg 0,035 J.045 U.050

b, Same as above, iower stages,
more ineffective siopes and

sections 0.040 G.u48 0.085
b, same as 4, but more stones 0.045 0,050 0.060
7. Stuggish reaches, weedy,
deep pools U.050 V.070 U, U8D
8. Very weedy reaches, deep
poois, or Tloodways with
heavy stand of timber apd
underbrush 0.075 0. 100 0,150
LINED OR BUILT-up CHANNELS
4. Lorrugated Metal 0.021 0.025 0.030
D, Goncrete
I Trowel finish 0,001 0.013 0.015
2. Float finish 0.013 0.015 0.01s
3. Finished, with gravel on bottom 0.0i5 0.017 0.020
4. Unfinished 0.014 0.017 0.020
b, Gunite, good section 0.016 0.0ly 0.023
Gunite, Wavy section ¢.018 0,022 U, 025
7. Un yood excavated rock 0.G17 0.020
. On drreguiar excavated rock 0.022 0.027



TABLE 7-2 {continued)
Roughness Coefficients for Channels

Type of channel and description Mindmum  Normal — Maxinmum

c. Concrete bottom fioat finished
with sides of

L. Dressed stone in mortar 0.0156 .017 0.020
2. Random stone in mortar 0.017 0.020 0.024
3. Cement rubbie masonry,
plastered 0.016 0.020 0.024
4, Cement rubbie masonry 0.020 0.025 3.030
5 Dry rubble or riprap 0.020 0.030  0.03%
d. Gravel bottom with sides of
i.  Formed concrete 0.017 0.020 0.025
2. Random stone in mortar 0.020 0.023 0.026
3. Dry rubble or riprap 0.023 0.033 0.036
e. Asphalt .
1. Smooth 0.013
2.  Rough 0.016
f. Grassed 0.030 0.0640 0,050
TABLE 7-3
Maximum Permissible Design Velocities!
Siope (percent)

Lo Lover 005 5o 10
Kentucky bluegrass ) b 4
Wheatgrass 6 5 4
Smooth brome 6 5 4
Tall fescue ) 5 4
Reed canarygrass 4.5 3.5 NKR
AnnualsZ 2.5 AR NR

Rye

Oats

Ryeyrass

L vetocity in fps.
2 Annuals: use only as temporary protection until permanent vegetation is
estabiished.

NR - hNot recommended.
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7.30 Channel Cross Sections

The channel shape may be alwost any type suitable to the jocation and to the
environmental conditions. Often the shape can be chosen to suit open space
and recreational needs to create additional benefits.

Side Slope

Except in horizontal curves the flatter the side slope, the better.
Normally slopes shall be no steeper than 3:1, which is also the practical
Himit for mowing equipment. Rock or concrete-iined channels or those which
for other reasons do not require siope maintenance may have slopes as steep
as L.b:l.

Depth

Deep channels are difficuit to maintain and can be hazardous. Constructed
cnanneis shouid therefore be as shallow as practical.

Bottom Width

Channels with narrow bottoms are difficult to maintain and are conducive to
high velocities during high fiows. It is desirable to design open channels
such that the bottom width is at least twice the depth with 6 to 8 times the
depth destirable,

Trickle Channels

Ine low flows, and sometimes base flows, from urban areas must be given
specific atlention. I¥ erosion of the bottom of the channel appears to be a
problem, low Tlows shall be carried in a ripraped trickie channel or
concrete low flow Tiners which have a capacity of 5 percent of the design
peak flow, Care must be taken to insure that Tow flows do not create an
erosion problem.

Freeboard

For channeis with flow at high velocities, surface roughness, wave action,
air buiking, and splash and spray are quite erosive along the top of the
flow. Freeboard height should be chosen %o provide a suitable safety
margin.  The height of freeboard shall be a minimum of one foot, or provide
an additional capacity of approximately one-third of the design flow. For
deep flows with high velocities one may use the formula:

Freeboard (in feet) = 1.0 + 0.025 vdY.33 {7-3)
where:

v = velocity of flow, in fps; and

d = depth of flow, in ft.
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For the freeboard of a channel on a sharp curve, extra height must be added
to the outside bank or wall in the amount:

v (1 +B)
H' = 2gR (7-4)
where:
H' = additional height on outside edge of channei, in ft;
v = velocity of flow in channel, in fps;
T = width of flow at water surface, in ft;
B = bottom width of channei, in ft;
R = centertiine radius of turn, in ft; and

acceleration of gravity, 32.2 ft/sec z,

H

g
If R is equal or greater than 3B additional freeboard is not required.
7.40 Channel Drops

The use of channel drops permits adjustment of channel gradients which are
too steep for the design conditions. In urban drainage work it is often
desirable to use several low head drops in lieu of & few higher drops.
Special attention must be given to protecting the channel from erosion in
the area of channel drops.

The Structures section of the Design Manual should be consuited when
considering drops in either open-channel or closed-conduit flow.

7.50 Supercritical Flow

The specific energy for open-channel flow may be expressed by the following
equation:

e
Ho = d + 2g (7-5)
where:
H = total energy head, in feet;
d = depth of flow, in feet;
v = velocity of flow, in fps; and
g = acceleration of gravity, in feet/sec Z,

When depth of fiow is plotted against specific energy for a given channel
and discharge, the resulting curve shows that, at a given specific energy,
there are two possible depths. At minimum energy, only one depth of flow

7~ 13



exists, known as the critical depth. At critical depth, the following
relationsiip applies:

d = g {7-6)
The Froude Number, F, is defined as;

¥

Foo= 1/??“ (7-7)

(L ¢can pe shown that F = 1 for critical flow. If the Froude Number is
greater than L, the flow is subcritical, but when the Froude Number is less
than 1, the flow is supercritical.

Supercritical flow in an open channel in an urbanized area creates certain
nazards which the designer awst take into consideration. From a practical
standpoinl it is generaily not possible to have any curvature in such a
channel.  Careful atlention must be taken to insure against excessive
oscillatory waves which way extend down the entire iength of the channel
from only wminor obstructions upstream. Imperfeciions at joints of Iined
chhannels may rapidly cause a deterioration of the joints, in which case a
compiete faiture of the channel can rapidly occur. In addition, high-
velocity Flow entering cracks or joints creates an uplift force by the
conversion of velocity head to pressure nead which can demaye the channel
lining. e is  evident that when designing a Tlined channel with
supercritical flow the designer wust use utmost care and consider all
relevant factors. Section 8, Structures, should be consulted when designing
chiannels for supercritical fiow.
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Section 8
Structures

Hydraulic  structures inciude energy dissipators, channel drops and
Lransitions, baffle chutes, riprap, and many other specific drainage works.
Their shape, size, and other features vary widely depending upon the
function to be served.

8.10 Energy Dissipators

Energy dissipators are often necessary at the end of outfall sewers,
cutverts or channels. Stilling basins, a type of energy dissipator, are
useful at tocations were the designer wants to convert supercritical flow to
subcritical flow downstream from a high velocity channel or conduit.

Impact Stilling Basin

Generally, this type of basin tends itseif to use with pipes. It is an
effective stilling device even with deficient tailwater where the discharge
is relatively small. This basin can be used with either an opan chute or a
closed conduit structure. The design shown in Figure 8-1 has been used for
discharges up to about 400 cfs, for laryer discharges multiple basins could
he placed side-by~side.

The general arrangement of the basin and the dimensional requirements for
various discharges are shown on Figure 8-1 and Table 8-1. This type of
basin 1is subject to large dynamic forces and turbulences which must be
considered in  the structural design. the structure must bhe made
sufficiently stabie to resist sliding against the impact load on the haffle
wall. The entire structure must resist the severe vibrations inherent in
this  type of device, and the individual structural members must be
sufficiently strong to withstand the Targe dynamic loads.

Riprap shouid be provided along the bottom and sides adjacent to the
siructure to avoid the tendency for scour of the outlet channel downstream
from tise end sill when a shallow tailwater exists. Downstream wingwails
placed at 45 degrees may also be effective in reducing scouring tendencies
and flow concentrations downstream,

Plunge Pools

tne plunge pool is a free-failing overflow which drops vertically into a
noot,
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Table 8-1 Dimensions for Impact-Type Stilling Basins

5-8

Suggesled plpe size? Maz Feel and Inches R ' Inches
c}ﬁ::zc

Dia Aven W H i o ) c d e f g 1w ir 16N i kY Bugppasied

fa. {50y 183 riprap size

[$3] 4] {3 14} (5} %) {7 {8} ] (Lo {iL) {12y (34 (14} (13 {16} in (18} am?
18 .77 R 5-6 4-3 741 3-3 4-1 24 G-11 Q-6 i-6 2-1 G Gls G [ 3 4.0
24 3. 14 38 H-4 5-3 9-4 | 3-11 A=t 2-10 1-2 0-6 2-0 2-6 [ Gl & G 3 7.0
30 4. 41 G4 8- 6-3 | 10-8 1 4-7 G-1 3-4 -4 Q-8 2-6 3-0 3] 614 7 7 3 85
36 7.07 85 9-3 7-3 24 | 5-3 7-1 3-30 1-7 Q-8 J-4 3-6 7 iz g 8 3 9.6
42 9. G2 115 | 10-6 8-0 t4-0 | 6-0 8-0 4-5 -8 0-10 30 3-11 8 815 e 4 4 9.5
48 12, 57 151 Pi-9 9-0 £5-8 | 6-9 8-} §-i1 2-0 O-10 3-0 3-5 g 1354 1G 8 4 18. 5
54 15. 90 14l 15-0 -4 P31 ) T 16-0 55 Z-2 -4 3-0 411 10 1o 10 ) 4 12,0
L0 1% 63 26 143 -9 -0 1 8-0 i1-4 5-11 2-5 1-0 3-0 a-4 it 1y il 8 & 13.0
72 8. 27 339 0 66 | $2-3 | 22-0 ] 9-3 12-9 6-11 2-9 -3 3-0 -2 12 P2t 12 8 5] 14.0

' i

ISuggested pipe will run full when velocity is 12 feet per second or half full when velocity
is 24 feet per second. Size may be modified for other velocities by Q=AV, but relation
between ( and basin dimensions shown must be maintained.

2For discharges less than 21 second-feet, obtain basin width from curve of Fig. 8-ib. Other
dimensions proportional to W; H=3W , L=4W , d=W , etc.
4 3 5

3 Minimum size of individual stones which will resist movement when critical velocity occurs over the end siti.

See Reference 1 for additional information.



The pool must be heavily protected with large viprap or reinforced concrete.
The approximate pool depth is given by the following equation:

dg = 1.32 Wy 0.225 q U.b4 {8-1)
where:

dg = the maximum depth of scour below tailwater level, in feet,

Hy = the head from the reservoir to taiiwater tevels, in feet; and
q z the unit discharge, in cfs per foot of stilling basin width.

A plunge pool may only be used with a continuous low flow present in the
channel because of the health and safety hazards which could be created by a
stagnant pool.

Drops

The function of drop structures is to convey water from a figher to a lower
elevation and to dissipale excess energy resutting from its drop. A canal
atong this same terrain would ordinarily be steep enougn to cause severe
erosion in carth canals or disruptive flow in tined canals. Tne water must
therefore be conveyed with a drop structure designed to safely dissipate the
excess energy. Uifferent kinds of drops that may be used are vertical,
baffled apron, rectanguiar inclined, and pipe drops.

Vertical drops are often the most economicar for swmall drops ot less than
three Teet. They consist of a simple weir above a vertical retaining wail
structure and a spiash-pool-type energy dissipator that are consolidated in
a single inexpensive structure. These structures can be constructed from
sheel pife and riprap, gabion retaining walis and channel mats, or
reinforced concraete.

Battied apron drops way be used for nearly any decrease in water-surface
clevation where the horizontal distance o accomplish  the drops is
relatively short.  They are particularly adaptabie to the situation where
tile downstream water-surface elevation may vary because of such things as
degradation or an uncontrolled water surface. A further discussion on
baffied aprons may be found in References 1 and 2.

Hectangular inclined (RI) drops and pipe drops are used where the decrease
in elevation is in the range of 3 to 15 feet over a refatively short
distance. Economics dictate if it is more practicable to use a pipe drop or
an RI drop. Usually a pipe drop will be selected for the smaller f1ow and
ar ®I drop will be selected for the larger flows. If the drop crosses
giicther waterway or a roadway it will probably be more economical fo use a
pipe drop.

Chutes are usually used where the drop in elevation is greater than 15 feet
and where the water is conveyed over long distances and along grades that
may be fiatter than those for drops but yet steep enough to maintain
supercritical velocities. The decision as to whether to use a chute or 3
series of drops should be based upon a hydraulic and economic study of the
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two alternatives. Drops should not be so closely spaced as 1o possibly
preclude uniform flow between outlet and inlet of consecutive structures,
particutarly where checks or control notches are not used at the inlets,
The danger s that sufficient tailwater depths may not exist to produce
hydruatic jumps in the poels, and thus shooting flow may develop through the
series of drops and possibly damage the canal. Also, with drops too closely
spaced on a steep siope, problems of excavation and backfill may make such
construction undesirabte or prohibitive. About 200 feet of canal should be
the minimum distance between the inlet and outlet of consecutive drop
structures, The economic study should compare costs of a series of drops
and a chute considering advantages and disadvantages pertinent to the
specific conditions. Since the maintenance cosis for a series of drops is
usuaily considerably more than for a chute accomplishing the function, it is
sometiines economically Jjustifiable to spend considerably more for a chute
than for a series of drops. A more complete discussion on chutes will pe
found in References 1, 2, and 4,

8.20 Flow Transitions

A Fflow transition is a change of cross section designed to be accomplished
in a short distance with a minimun amount of fiow disturbance. The types of
transitions are shown in Figure 8-2. O0f these the abrupt {headwall) and tie
straight line (wingwall) are the most comnon.

Special inlet transitions are useful when the conservation of flow energy is
essential because of allowahle headwater considerations.

Qutlet transitions (expansions) must be considered in the design of all
cutverts, channel protection, and energy dissipators. The standard
wingwall-apron combinations and expansions upstream of dissipator basins are
most common,

8.30 Riprap

Preventing bank damage caused by surges from a stilling basin and
forestalling poessible undermining of the structure caused Dby erosive
currents passing over the end sill usuaily requirves placing riprap on the
channel bottom and banks downstream.

txperience has shown that the primary reason for vriprap failure s
undersized findividual stones in the maximum size range. Faiiure has
occurred because of an underestimalion of the required stone size, and a
general tendency for the riprap in place to be smalier than specified,
despite quality-~-control procedures.

The curve in Figure 8-3 gives the individual winioum stone size (diameter
and weight of a spherical specimen) for a range of bottom velocities up to
17 feet per second.

A well-graded riprap layer containing about 40 percent of the rock pieces
smalier than the required size 1is as stable, or more stable, than a
uniformly-graded layer consisting entirely of stones of the required size.
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Quality

Stane for riprap shall consist of field stone or rough, unhewn guarry stone

of approximately rectangular shape. The stone shall be hard and angular and

of such quality that it will not disintegrate on exposure to water or

weathering, and it shall be suitable in all other respects for the purpose

;ntended« The specific gravity of the individual stones shall be at lest
D

Rubble concrete may be used provided it has a density of at least 150 pounds
per cubic foot and otherwise meeis the requirements of this Siandard. The
concrete must be Dbroken such that large flat siabs are eliminated. The
largest dimension shall not be greater than three tfimes the smallest
dimension (i.e., if a concrete slab is 6 inches thick, the slab would be
broken up so that it is no wider than 18 inches in any direction).

The riprap layer should be a minimum of 1.5 times as thick as the dimension
of the Tlarge stones {(curve size) and should be placed over a layer of
piastic filter cloth manufactured for that purpose cor a minimum of 1Z inches
of properly grade sand, gravel or stone.

For noncohesive soils the 15-percent size (dyg) of the granular bedding or
filter material should be less than 4 to 5 times the 85-percent size (dgs)
of the adjacent soil layer. The lb-percent size of the filter material
shouid also bhe at least 4 to 5 times the lb-percent size of the protected
soil. For cohesive soils such as highly plastic clays, the lb-percent size
of the filter material may be as great as 0.4 mm so Tong as the material is
well graded with the ratio of the 60-percent size to the 10-percent size
(coefficient of uniformity) not exceeding 20. Section 1l should alse be
consulted regarding erosion control practices utilizing riprap lining.

Filter
Riprap that is 12 inches in diameter or larger shall net be dumped directly
anto the plastic filter cloth since 1t may tear or displace the filter
cloth. Instead, at least a 4-inch blanrket of gravel shall be placed over
the filter cloth, or viprap shall be placed directly on the filter cloth by
hand or by the equipment bucket. Side slopes shall be 2:1 or flatter in
order for the gravel not to slide down the filter cloth before placing the
riprap.
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SIZE OF RIPRAP TO BE USED DOWNSTREAM FROM STILLING BASINS
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Section 9
Storage

On-site detention of runoff is an alternative to other methods of urban
stormwater management, Storage, which invoives collecting excess runoff
before it enters the main drainage system, can often be an effective and
economical means of reducing peak flowrates and mitigating problems of
flooding, pollution, soil erosion, and siitation.

The purpose of this Section is to intreoduce the design procedures and
methods of application of on-site detention faciiities. This inciudes
rooftop storage, parking lot storage, recrealtional area storage, and small
detention basins and ponds constructed within the limits of development
areas.

On-site detention of stormwater generally refers o storage of excess runoff
on the site of a development prior to its entry into a sewer system and the
gradual release of the stored runoff after the peak fTlow has passed.
Generally, detention facilities will not reduce the total volume of runoff,
but will redistribute the rate of runoff over a longer time period.

Embankment type storage areas which impound more than 30 acre-feet of water
ab an elevation of the top of the embankment are required by Kansas law to
be submitled for permit and approvai to the Chief Engineer of the Division
of Water Resources, Kansas State Board of Agriculture. The desigrer of such
structures shall refer to engineering design guides EG-1 and EG-2, Division
of Woter Resources, for design criteria beyond the scope of this manual.

.10 Upstream Storage

Upstream storage utilization is usually controiied by the planner in the
eariy stages of developmeni. However, architects, engineers, home builders,
Pand developers, and governmental officials all have a responsibility to
work towards more upstream storage. It is with upstream storage that the
greatest potential exists for reducing the cost of urban drainage.

Rooftop Ponding

Building codes require the design of roofs for a snowload. Thus, many
existing buildings are already designed to carry the Toad which would he
mposed by rooftop rainfall ponding.

The drainage outlet from the rooftop storage should bHe sized Lo release
approximately 0.5 inches per hour. During most storms, no water will be
stored because it witi runoff as quickiy as it falls. Only in the larger
storms will water accumulate, For instance, in a heavy thunderstorm lasting
30 minutes having a precipitation rate of 2 inches per hour, the maximum
depth of ponding will be about 0.75 inches. About 90 minutes after the
stori all water will have drained off the roof.



Parking Lots

There are two general forms of stormwater detention on parking lot surfaces.
One form involves Lhe storage of runoff in depressions constructed at drain
tocations. The stored water is drained inte the sewer system slowly, using
restrictions, such as orifice plates, in the drain. Proper design of such
paved areas would restrict ponding to areas which would cause the least
amount of inconvenience to the users of the parking areas. For example, the
parking Tot of a shopping center wouild have the ponding areas located in the
least-used portions of the Tot, allowing customers to walk to their vehicles
in areas of no ponding, except when the entire lot is filled with vehicies,
Drainage of ponded water would be fairly rapid as comparsd to rooftop
ponding, to prevenl customer inconvenience. In most cases, the water wouid
pond to a depth not to exceed 12 inches and the ponding area wouid most
likely be drained within 30 minutes or less after the rainfail. Computation
of the amount of storage needed would be simitar to the analysis used in
designing detention basins an ground surfaces.

Another type of stormwater detenition on parking lots consists of using the
paved areas of the lot to channel the runoff to grassed areas or gravel-
filled seepage pits. The flow then infiltrates into the ground. Soil
conditions and the effects of siitation in reducing infiltration must be
considered.

Minimum slopes of 1.0 percent are recommended in parking 1of detention
areas., Maximum slopes should not exceed 4 percent to avoid gasoiline
spillage from tanks and to minimize vehicle traction problems on icy paving.

The use of parking lots for the storage of rainfall, if done properly, can
be accomplished without inconvenience to the parking Tot users and without
interfering with the dayoul and Tunctioning of the parking lot.
Furthermore, controlied rates of release are generally large encugh sc that
water is ponded only during the larger storms.

Recreational Areas

Recreational areas generally have a substantial area of grass cover which
often has a high infiltration rate. Storm runofft Trom such fields 1is
generalty minimal. The best use of such recrealtional fields can be made by
providing for the ponding of vruncff from adjacent areas. Grassed
recreational fields can be utiltized for the temporary detention of the storm
runoff without adversely affecting their primary function.

Most wurban areas contain parks, both the neighborhood type and the large
central twpe., Parks, like recrealtional fields, create 1little runoff of
their own; however, parks provide excellent detention siorage potential for
the storage of runoff from adjscent areas.

Road Fmbankments

The temporary detention of storm runoff behind voad embankments is an
acceptabie practice. The reader is referred to Sections 5 and 6 of this
Manual dealing with inlels and culverts for design criteria relative to the

use of ponding behind road embankments. It is, of course, necessary Lo

o
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review the damage potential to upstream property, and to the embankment.

The design criteria %o be used for the temporary detention of water behind
road embankments should include consideration of the major storm runoff,
i.e., the runoff to be expecied once each 100 years.

On-Site Ponds

The construction of gn-site ponds which have recreational benefits provides
significant detention benefits when properly planned and designed. The use
of such ponds is particularly encouraged in planned unit developments where
large areas of grass and open space are comumon.

Controlied outlets for the surcharge storage can be used, and it is
suggested that such outlets be designed to release at a rate that does not
axceed the rate estimated for natural condtions for the i0-year storm.

Combinations

In many instances, one on-site detention method cannot convenientiy or
economically satisfy the vequired amount of stormwater storage. Limitations
in storage capacities, site development conditions, soils timitations, and
other retated constiraints may require that more than one method be utilized.
For example, roofton, parking lot, and surface pond storage might aill be
required to compensate for fincreases in runoff due to development of a
particutar site, Whichever combinations are suitable should be incorporated
into the site development plan.

9.20 Design {riteria
Design Storms
Nesign storms shall be as outlined in Table 9-1.

TABLE 9-1 DESIGN STORM CRITERIA

Principal Spitlway Emergency Spillway
Classification storm ; Starm
Class 1 - A1l embankment type 50~yr, b-hr. 0.40 PMP*-,
structures where failure may (4.6 in.) (10.6 1in.)
cause loss of 1ife, serious
damage to homes, industrial and
commerical facilities, public
utilities and vailroads.
Class ¢ - A1)l olher structures not 10-yr, 6G-hr. 100~yr., 6 hr.
ctass 1 such as rooftops, parking (3.4 in.) (5.1 in.)

iots and small detention ponds.

*PMP s the probable maximum storm which is eqgual to 26.4 inches of rainfall
for Bodge City, Kansas.

The principal spiitway storm {or in the case of the Modified Rational



Melhod, the 10-yr or 50-yr. storm of the criticail duration) shall be routed
through the storage area with a maximum release rate which does not exceed
the peak discharge for the same storm under natural conditions. The routing
shall begin at the elevation of the lTowest ungated outlet. The structure
shatl be sized to handie this storm without any emergency spiliway flow.

The emergency spillway storm is then routed through the storage area with a
starting water surface elevation equal to the elevation of the lowest
ungated outlet. Site conditions will establish whether a riser pipe or
excavated spiliway is selected to handle the emeragency spiliway storm. The
emergency spillway shall be designed to handle the emergency spillwsy storm
without causing overtopping and failure of the storage siructure.

2

Procedures for developing the design storms shall be those outlined in

Section 2.
Principal Outlets

Either corrugated wmetal or reinforced concrete pipes may be utilized Tor the
principal outlet. The winimws pipe diameter shall Dbe 18 inches. The
principal outlet shall be able to completeiy drain the storage area in a
reasonable amount of time.

To prevent the formation of vortices at the inlet, a hood or anti-vortex
baffle shall be installed. VYortices can significantly reduce the discharge
for a given headwater because of energy losses.

Depending on the geometry of the outiet structure (either drop-inlet riser
or hood-intet pipe) discharge for various headwater depths can be controiled
by the inlet crest (weir control}, 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 vrating curve of the
principal outlet. In general, the riser pipe diameter is at least 6 inches
greater than the barrel pipe diameter. Therefore, the minimum riser pipe
diameter shall be 24 inches.

Weir fiow may be computed by the following equation:
Q= ¢LHl.S (9-1)
where:

G = discharge, in cfs;
¢ = welir coefficient. For riser pipes, € = 3.1 wmay be used;

L = fength of the weir, in feet., For circular riser pipes, L 1s the
pipe circumference; and
H = the depth of flow over the pipe crest, in feet.

Orifice flow may be computed by the following equation:

Q = CA(2gH)U.2 (G2



where:

C = orifice coefficient. For sharp-edged orifices, C = 0.6,
A = cross-sectional area of the pipe, in ftZ;

g = gravitational acceleration, 32.2 ft/sec?: and

H = head above the centerline of the pipe, in feet.

Pipe Flow may be computed by the following equation:

Q = A 29(H-S¢L)/ {Lkytk,) (9-3)

wherae:

H = the difference between headwater and Lailwater elevations, in
feet;

kp = bend loss coefficient;

= entrance Toss coefficient;
= friction stope, in feet per foot; and
L= length of pipe, in feet.

=
oL

Emergency Spillways

The position, profiie, and length of the spillway are influenced by geologic
and topographic features of the site. The cross-section dimensions are
governed by hydraulic elements and are determined by acceptable reservoir
routing of the design storm,  Spillway velocities shall he Timited by the
criteria listed in Table 9-2,

Provisions shall be made for additional safety by providing freeboard above
the maximum water surfgce elevation of the emergency spillway storm of 3
feet for Class 1 structures and 2 feet for Class 2 structures. In addition
Lhe minimum elevation difference between the crest of the spillway and the
top of embankment shall be 4 feet.

discharyge from emergency spillway shall be so directed that flows return to
the channel without causing erosion along the downstream toe of the dam.
binergency spiitways proposed for the protection of earthen embankments shall
boe i fuli cut, 9f possible, to aveid flows against the constructed fill.
the side slopes of the excavated channel in earth shall be no steeper than
il for ease of maintenance. Where the site limitations prevent a full
channel cut, a wing dike shall be provided Lo direct spillway flows away
from the downstream toe of the dam.

fhe configuration of the entrence channel from the reserveir to the control
section of the emergency spiliway shall be a smooth transition to avoid
turbuient flow over Lhe spillway crest. The outlet channel of the emergency
spiliway shall convey flow to the channel below the structure with a minimum
of erosion.  The slope of the exit channel usually follows the configuration
of the abutment, unless exit velocities are excessive. A flatter siope with
a widening of the bottom width, should reduce exit velocities to a Jevel
where erosion will not pose a problem. In cases of highly erodible soils it
may he necessary to use other means of protection such as riprap, grouted
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TABLE 9-2
PERMISSIBLE VELOCITIES FOR VEGETATED SPILLWAYS

Permissibie velocity
feet per second

Erosion resistant Fasily erodibie
s0ils soils
Slope of exit channel Slope of exit channel
Fercent Percent
0 to b 5 thru 10 0 toh 5 thru 10
Bermudagrass 8 7 6 5
Bahiagrass
Buffaiograss 7 G 5 4
Kentucky bluegrass
Smooth bremegrass
Tall fescue
Reed Canarygrass
Sod forming
grass-legume 5 4 4 3
mixtures
Lespedeza sericea 3.5 3.5 2.h 2.5

Weeping lovegrass

Yellow bluestem

Native grass
mixtures
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rock or concrete paving to form the exit channed. Especially adapted
grasses provide a stabilizing effect and reduce erosion in the exit channel.,
Detention storage can be increased to reduce the frequency and/or duration
of use of the emergency spillway and thereby reduce erosion problems.

The outlet channel slope should be greater than critical slope for one-
fourth of the peak outflow to assure that flow will be controlled at the
spiliway section. Otherwise, both weir control and open-channel control
should be evaluated over the range of headwater depths.

Site Conditions

the geologic conditions of the site shall be investigated to determine the
suitability for impoundment of surface water. Groundwater level increases
downstream of the storage area are to be avoided. The intensity and detail
of the geologic investigation should be consistent with the class of
structure and the complexity of the site geology.

Embankments

The width of the top of the embankment shall not be less than 10 feet for
embankments less than 20 feet in height or less than 12 feet for embankments
between 20 and 25 feet in height. Special consideration must be given to
width for embankments used as a public road. The use of guardrails and
other safety measures will depend upon the amount of vehicular traffic and
the authority which has responsibility for the road.

Side slopes on embankment structures will vary with materials used and shall
be designed to produce a stable and easily maintained structure. Soil
mechanics and slope stability analysis shall be required on all Class I
structures. A guide to the steepest allowable slopes is presented in Table
9-3.

TABLE 9-3 ALLOWABLE SLOPE EMBANKMENTS

Height of Structure (feet) Upstream Siope Downstream Slope
Less than 12 3:1 2:1
12 or greater 3:1 2511

An aliowance for settlement shail be made for embankment structures.

Consideration shall be given to preventing seepage through the embankment
and foundation from causing embankment erosion and structure instability for
alt €lass I structures,

Cutoff Collars

ATt pipes through material subject to saturation within the embankment shall
be fitted with cutoff collars. The collars shall be of sufficient size and
number to increase the length of the seepage path by at least 15 percent.
The collars shall be spaced at no more than 25-foot centers. Generaily, the
coliars project a minimum of two feet beyond the outside of the pipe and
should not bhe closer than two feet from a field joint. The number of
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collars can be determined from the following equation.

N = {25+2.5R)(.15)
Zp
N = number of collars
h = maximum height of embankment, feet
p = projected height of collar

The saturation zone is defined as 25+2.5h.
9.30 Hydraulic Design Mathods

The two metnods suggested for predicting the volume of runoff over time and
the peak flow are the Modified Rational Method and the SCS Unit Hydrograph
Procedure.

Modified Rational Method Analysis

The term Modified Rational Method Analysis refers to a procedure for
manipulating the basic Rational Method to refiect the fact that storms with
durations greater than the normal time of concentration for a basin will
result in a larger volume of runoff even though the peak discharge is
reduced. This greater volume of runoff produced by longer storm durations
must be analyzed to determine the correct sizing for detention facilities.

The approach becomes more valid on progressively smaller basins, eventually
reaching a size so small that watershed wmodeling 1s approached. The
procedure should, therefore, be limited to refatively small areas such as
rooftops, parking tots, or other upstream areas with Tributary basins less
than 20 acres. This would minimize wajor damage which could result from
overtopping or failure of the proposed detention faciltity.

Figure 9-1, Medified Rational Method Hydrographs, presents a family of
curves for a theoretical basin. These hydrographs are developed by using
the basic Rational Method assumptions of constant rainfall intensity, time
of concentration for the longest flow path, and the coefficient of runoff.
The typical Rational Method hydrograph with the peak discharge coinciding
with the time of concentration for the basin (Tp) is Tirst calculated using
the normal formula O = CiA. Fellowing this, a fawily of hydrographs
representing storms of greater duration ave developed. The peak runoff rate
for each hydrograph is equal to CiA where 1 is the vainfall intensity for
the storm duration in question. The rising limb and Talling limb of the
hydrograph are, in each case, equal to T for the basin. The area under the
hydrograph is also equal to the peak discharge rate Tor that particular
rainfall multiplied by the duration of the rainfall.
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The following example presents the calculation method for a typical two-acre
basin.

Given: Area: A = 2.0 acres
Type of development: commercial parking lot, fully paved, C = 0.9
Time of Concentration: T; = 8 minutes
besign Frequency = 10 years
Use Rainfall-Intensity Duration Curves in Figure 2-1.

Required: Develop family of curves representing Modified Rational Method
hydrographs for the 8-, 10-, 15-, 20-, 30- and 40-minute rainfall
durations,

Rainfall Rainfall Peak
PQuration Intensity Runoff
(min) (in./hr) Rate (cfs)

8 5.0 10.8

10 5.8 10.4

15 4.8 8.6

20 4.3 7.7

30 3.5 6.3

40 2.9 5.2

Answer:  The resulting storm hydrographs are depicted in Figure 9-1.

It is recommended that a coefficient be added to the Rational Method to
account  for antecedent precipitation conditions for major storms with
recurrence  intervals greater than 10 years. These coefficients are
presented  in Tabte 2-3.  Under these conditions, the Rational Formula
becomes Q = CeCiA.  Aifthough this approach does not totally reconcile the
difficulties in representing voiume of runoff by the Rational Method, it
does altempt Lo predict more realistic hydrograph volumes characteristic of
high-{reguency storms.

The next step in determining the necessary storage volume for the detention
facitity is to set a release rate and determine the volume of storage
necessary to accomplish this release rate,

fo determine the storage voiume required, a reservoir routing procedure
shoutd be accomplished for each of the hydrographs, with the critical storm
duration and required votume being determined. The importance of the
particular project should govern the type of routing utilized., For small
areas requiring repetitive calculations, such as in bays of a parking lot,
an assumed release curve is normally satisfactory. For larger areas, such
as a pond in a small park with 20 acres or more of tributary area, a
reservoir rouling procedure would be in order.

Figure 9-1, Modifiea Rational Method Hydrographs, represents a method for
small area detention analyses. The assumed release curve approximates a
formal reservoir routing in much the same way the Rational Method Hydrograph
approximates a true storm hydrograph. The curve aliows for the low release

9 - 11



rate at the beginning of & storm and an increasing release rate as the
storage volume increases.

In normal fiood vouting, the maximum reiecase rate will always occur ab the
point where the outflow hydrograph crosses the receding limb of the inflow
hydrograph.  For this reason, the design release rate is forced to coincide
with that point on the falling Vimb of the hydrograph resulting from the
storm of duration egual to the time of concentralion for the basin. The
release rate is held constant past this point. The storage velume is then
found by determining the area between the infilow and release hydrographs.
Example 2 continues the calcultations initiated in Example 1 to determine the
required storage volume.

Example 7

Given: Drainage basin and other hydrologic informaltion presented in
1

Example 1.
Aliowable release rate: (5 = 5.0 cfs

Required: Determine The critical storage volume.

Storm Required
PDuration  Storage
(min) Vo lume

8 2780
10 3240
15 3316
20 3380
30 26440
40 1005

e s E . » L . - . s - . P . .
The critical storage voiume is then 3,380 Y occurring for a Z20-minute
rainfall duration.

The limitations in the assumptions behind this method are evident. The
approach becomes more valid on progressively smailer basins. The procedures
should, therefore, be limited to relatively small areas where no major
damage would resuit from over-topping ov faiture of the proposed detention
facility. Care should be used when applying this method to areas in excess
of 20 acres.

The SCS Unit Hydrograph Procedure for Storage Analysis

The SCS Unil Hydrograph Procedure develops a hydrograph whicn provides a
raliable solulion for detention storage effects. Procedures provide the
designer greater flexibiltity for the representation of actual conditiens to
be modeled.

The development of the runcff hydrograph is presented in Section 2 of this
Manual. A flood routing procedure may be used to determine requived volume
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of the detention basin. Several flood routing procedures are available in
published texts. The data needed for the routing computations are the
inflow hydrograph, the physical dimensions of the storage basin, the maximum
outflow allowed, and the hydraulic characteristics of the outlet structure
or spiliway. This method is referred to as the Modified Puls routing
procedure,

After the inflow hydrograph, depth-storage relationship, and depth-outflow
relationship have been determined, they are combined in & routing routine.
The results of the routing are the ordinates of the outflow hydrograph, the
depths of storage, and the volumes of storage at each point in time of the
flood duration.

The routing period, or time interval, At, is selected small enough sc that
there 1is a good definition of the hydrograph and the variation in the
hydrograph during the perijod At is approximately tinear. This can be
accomplished by setting At = 5 minutes, or the same time interval as in
the SCS Unit Hydrograph procedure.

several assumptions are made in this procedure and include the following:
L. The entire inflow hydrograph is known.

2. The storage volume is known at the beginning of the routing.

3. The outflow rate is known at the beginning of the routing.

4, The outiet structures are such that the outflow is uncontroiled and the
outtlow rate is dependent only on the headwaler.

The derivation of the routing equation begins with the conservation of mass
which states thal the difference between the average inflow and average
outflow during some time period At, s equal to the change in storage
during that time period. This can be written in equation form

as:

I-0= [S/ At (9-5)
I inflow during the period is greater than outfiow, then AS is positive
and Lhe pond gets deeper. If inflow is less than outflow during the period,

then AS is negative and the pond gets shallower. Using the assumptions
made previously, this equation can be rewritten as:

ity - 000 = Sp -8 (9-6)
2 2 At
Muitiplying both sides by two and separating the right-hand side yields:

g +1p » 03 -0p = QE.% - Zg{, (9-7)
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Rearranging so that all the known terms are on the left-hand side and all
the unknown terms on the right-hand side yields the final vouting equation:

(13 + Ip) + (251 - 01) = (280 + 0p) (9-8)
.l[.

However, the last equation has two unknowns, Sp and 0p. We need 2 second
equation which rejates storage and outfiow. If cutflow s a direct function
of reservoir depth {(as it is with uncontrolied cutflow), there is a direct
retationship that exists between reservoir elevation. reservoir storage, and
cutflow. Therefore, for a pariicular elevation, we have an answer for
storage and outflow {5 and 0). A relationship between 0 and (25/ A ©)+0 is
determined for severai elevations and plotted on Tegarithmic graph paper.
The routing equation is soived by adding all the known terms on the left-
hand side. This yields a value for {25/ 4 +)+0. This vajue is found on the
Tog~Tog plot of {25/ A €)+0 versus 0 and the value of {7 is obtained from
the graph.

The {2S/ A t)+0 versus 0 relationship is derived by combining the depth-
storage vrelationship and the depth-cutflow relationship, as previously
discussed.  This is shown 1n Table 9-4. Columns 1, 2, and 3 are tabulations
of the depth-storage and depth-outflow vrelationships for a specific
detention facility.

In column &, the units of 25/ A t and O wmust be the same. If 0 is in cfs
then 25/ A t wust be changed to cfs. ¥For a routing time interval of &
minutes:

25 ac-ft x 1 cfs-day x 1440 min = 291S

5 min 1.98 ac-f1 1 day
Thus, 25 %0 = 291S + 0 for At =5 min.
At
where : S has units of acre-feet, 0 has units of cfs, and 25/AT has units
of cfs.
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TABLE 9-4

Development of a (25/at) + 0 vs. 0 Relationship

Depth Storage,$ Qutflow,0 (25/ A t) + 0
(ft) (ac~-ft) {cfs) (cfs)
RiNN O O @
0 0.0 0 O
2 0.1 40 69
4 0.6 138 313
) 3.0 274 1,147
8 11.0 426 3,627
16 32,0 560 9,872
12 72.0 671 21,623
14 131.0 765 38,886

the sizing of the outiet works for detention ponding is a matter of judgment
depending upon the actual conditions for the specific case., The designer
may approach the sizing of the outlet works on & trial- and-error basis with
the objective being the oplimum use of the available storage capacity of the
ponding area. In addition all ponding areas must be carefuliy analyzed in
regard to the major storm runoff conditions. In many cases it will be found
that the initial storm runoff should be routed through the outlet works with
only minimal ponding. The storage would then be utilized to reduce the
major runoff. If other provisions are made for the major runoff the
designer may be primarily concerned with the initial drainage system. The
cutlet capacity would then be substantially less than the inflow from the
initial runoff. It cannot be overemphasized, however, that the use of
downstream channel storage requires competent planning and design to avoid
the creation of an unnecessary hazard.
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Section 10
Fiood Proofing

Fiood proofing is defined by Federal Insurance Administration as any
combination of structural and nonstructural additions, changes or
adjustments to structures which reduce or eliminate flood damage to real
estate or improved real property and sanitary facilities, structures, and
their contents. The Federal Insurance Administration has published several
references to provide detailed criteria and design procedures for flood-
proofing structures. These references are listed in the bibliography of
this Section and should be consulled for detailed design information.

16.10 Flood-Proofing Requirements

Any proposed non-residential  structures located within the 100-year
Tloodplain should either have the lowest floor elevated io one foot above
the 10G-year flood elevation or should be flood-proofed to that elevation.
The 100-year floodpiain and corresponding eievations of the 100-year flood
can be determined by reviewing the Flood Hazard Boundary Maps and Flood
Insurance Rale Maps published by the Federal Insurance Administration and
available for review in the office of the appropriate agency. Flood plain
regulations which further define flood-proofing requirements can be found in
Part 5, Articie 4, of the Dodge City - Ford County Zoning Regulations,

10.20 Types of Flood Proofing

There are two basic systems for flood proofing for residential and
commercial structures. One system consists of the use of conventional
construction metheds along with a total drain, sump, and pump operation to
keep water away Trom the lower portions of the structure. This Llype of
system 15 fTeasible in vregions with soils having low coefficients of
permeabiiity (clay soils). This system is termed the Drain or Sump System
and is the more economical method. This system accepts the inevitability of
some infiltration Trom a high head of water into a reasonably economical
basement construction via the sump. The sump type basement protection
systemt i adaptable te Tow and medium volumes of inflow of flood waters
within the capabiiity of its drainage and pumping system. This system is
enly applicable to structures having a grade line above the 100-year flood
elevation on ali sides.

The other system utilizes a watertight wall and slab treatment for all
portions of the structure beneath the 100-year fiood elevation. This type
of system is reguired for soils having a high coefficient of permesability
(sandy soils). This is termed an Undrained or Barge System and is required
where inflow s beyond the capacity of a sump drain system or where the
grade line of the proposed structure cannot be iocated above the 100-year
flood elevation. An undrained structure is designed to be watertight. All
openings below the 100-year flood elevation are equipped with flood-proofed,
watertight closures,

Both these systems will allow flood proofing of structures up to 5 feet
above the bottom of the lowest floor slab. This height restriction is due
mainiy to buoyancy considerations. Special design features will altow flood
proofing to higher elevations.
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10.30 Procedures

Several general procedures to achieve flood proofing are discussed in this
Section. Some of these procedures, such as laying out sites and raising
buiidings, are intended primarily for new construction which would represent
a proper use of floodplain sites. Other procedures such as those to keep
the water out or those to minimize losses if the water gets in, would apply
to both new and existing structures.

Site Layout

The practice of clustering buildings 1is prevalent in planned unit
developments. This clustering permits buildings to be attractively grouped
on parts of a site which are above flood levels and reserves the low-lying
sections as landscaped green areas and parking facilities.

Where natural high ground does not exist, sites can be raised by filling,
providing the fill does not interfere with the flow of flood waters (i.e.,
the structure is not Tocated within the "floodway").

Flood-proofing measures can be designed to blend with the overali appearance
of a structure. wWhen this is done, a structure's appearance can be
preserved and in some cases even enhanced by flood-proofing.

Elevated Structures

The practice of elevating a builiding on *stilts* to provide an "open" effect
at ground level can also reduce the flood hazard. If some means of access
is maintained and utiiities can continue to function, activities would not
be interrupted during floods.

Where land is at a premium, as in ceniral business districits, buildings are
often placed on stilts with parking facilities on the ground level,

Waterproofing Structures

The design techniques discussed above either achieve flood-proofing through
site planning and development or incorporate flood~-proofing in the initial
construction of the buildings. The location and environment of structures
in urban areas may make these solutions impractical. In these circumstances
the building owner, architect, or engineer is faced with a job of designing
flood-proofing measures for existing conventional buildings which are
exposed to figod water. These flood proofed buildings can incorporate many
contemporary design features such as large window areas, pedestrian arcades,
open floor space, and curtain wall paneis.

In designing new structures, or in altering existing ones, thought shouid be
given to the use of recessed flood shields which are normaily hidden from
view, but can be easily lowered or slid into place upon the receipt of a
flood warning. Such shields also escape the danger of being misplaced.

When flood shields must be wounted on the street side of an opening, the

brackets Lo which they would be bolted can be concealed with easily removed
aluminum strips or *skins."

W0 -3



Internal Flood-Proofing Measures

Owners of buiidings which are subject to flood bul cannoct be easiiy altered
to keep the water out can consider the use of water-resistant construction
materials to vreduce flood damage. GLven owners of flood~proofed structures
generally able to withstand flooding would also be well advised to consider
the wuse of such materials to reduce iosses when flooding exceeds the
protection levei.

10.40 Engineering Aspects

Flood-proofing to keep the water out of buiidings falls, in part, within the
province of the structural engineer. When filood waters surround a building
they impose loads on the structure and substructure bheyond those it normally
is designed to withstand. A determination of these loads is a prerequisite
of Tlood-proofing efforts.

the following paragraphs discuss some of the more common structural problems
that could be encountered. Because of the complexity of these problems,
building owners who are contempiating flood-proofing should engage the
service of a professional engineer who has a working knowledge of structures
and who has had experience with hydraulic structures or flood-proofing.
This s necessary to insure that the flood-proofing does not worsen the
problem by creating structural damages such as ruptured walls and floors in
addition to the damages resulting from water contact and disruption.

Structural Problems

The forces wnich would act upon a typical building under conditions varying
from normal {nonfloed) to partial submergence (flood with and without
subsurface or foundation drainage) are graphically presented in Figures 10-
i, 10-2, and 10-3. The huilding cross-section shown is  considered
representative of  that which would be commonly encountered in a flood-
nroofing program.

Loading Trom Structure and Contents

The weight of the buliding itself {(masonry, concrete, steel, wood, etc.),
known as dead Toad, together with the weight of its live load (furniture,
machinery, merchandise, occupants, etc.) will normally be fransmitted
through the roof and filoor systems to supporting columns and walls and
thence to the foundations. These loads generally are transmitted directly
te the supporting soil or bedrock under the foundation. Loads of this type
will normally be unaffected by flooding and will have the same value for
both flood and nonflocd conditions.

Restraint from Floor and Roof Systems

Flooding produces large laterai forces on the structure. These forces will
be resisted by the building walls, floor, and roof systems. Many commercial
and industrial buildings are designed and constructed in a manner to provide
adequate connection and anchorage between these systems for support and
structural unity, but each building must be individually evailuated and
strengthened where necessary.
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Most residential and many light commercial and dndustrial buildings,
however, do not have the necessary anchorage and would require modification
to provide it. This would involve adequate transverse bridging in additiocn
to anchorage into the walis around the entire perimeter. Steel angles
boited into both the floor system and the walls at their juncture would he
one method of anchorage.

Resultant of Nonflood and Flood Loading

The nonflood ioading is the force exerted by the soii backfill upon the
wall. These pressures depend upon the physical characteristics of the so0il
particles, the degree of compaction, the moisture content, and the movement
of the wall caused by the backfili and foundation deformation, if any.
Where the top of the zone of saturation (water table) is at an elevation
above the base of the foundation, the pressure on the wall and fleoor slab is
due to the huoyant weight of the soil plus the full hydrostatic pressure of
the water. When a workable subdrainage system is provided to lower the
elevation of the water table, the pressure on the wali will be reduced. The
degree to which the water table can be Tlowered will depend upon the
permeability of the soil and the efficiency of the subdrainage system.

Fiood Tloading without subdrainage is the force of the full hydrostatic
pressure of the water above as well as below the ground line pius the
buoyant weight of the soil. As schematically illustrated in Figure 10-2,
the magnitude of this force can be considerabiy larger than the Torce
developed under nonflood conditions (shown in Figure 10-1 for comparison).

When subdrainage 1is provided, the flood loading is reduced. However, in the
case of an existing building with an existing unmodified subdrainage system,
prudence would dictate that no load reduction be assumed. Subdrains, where
already instailed, are generally provided only to intercept seepage and
control uplift on basement floors due to groundwater. If such a subdrainage
system were to be modified to attain a known degree of effectiveness, a load
reduction could be determined. Obviously, for new construction the
subdrainage system can be designed and constructed te afford a predetermined
degree of reduction of flood loads.

The magnitude of the flood-induced forces that will be encountered 1is
indicated by the fact that a one-story brick building {3-5/8 inches of brick
over wood frame) can be expected to withstand no more than two feet of water
above the ground iine providing the wall is in good condition. For brick
with concrete-block backup, this height would be somewnat greater.

Subsurface Drainage

Groundwater conditions may adversely affect the stability of a building or
structure either through upTiff which tends to “"fioal® the building or by
erosion which can undermine the support. Investigation and analysis of the
factors involved at any specific building and the design of contrel or
corrective measures are endeavors reguiring the attention of a professional
enygineer.

Groundwater problems can be controlled by the installation of subdrainage
systems (Figures 10~1 and 10-3) to reduce the lateral forces on the
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foundation walls and floor slabs. Experience has shown that the composition
of soils in a particular area can vary widely with extreme ranges of
permeability existing in areas of similar geological origin. Such ranges in
permeability call for careful investigation and analysis. The design of a
subsurface drainage system must be based on the resuits of soil
investigations of permeability and analyses of structural strength,

A sump and pump system can be employed te help protect the subsurface part
of a building. The pump could be designed to accepl storm and seepage flows
and pump them to a point above the flood waters. The sump should be open to
the soil at the botiom and to atmospheric pressure al the top within the
hbasement. This would provide a fail-safe feature, in that power oy pump
failure would aliow walter to flood the basement and therehy tend to balance
the outside flood-induced pressures upon the bhasement walls and Ticor siab.
As an alternative, a prearranged program of deliberate flcoding with clean
water could be employed to minimize the cost of clean up after a fiood.

Seepage Controt

Foundation walls can bhe made watertight to minimize water infiitration
through cracks and crevices in the walls. In buildings under construction,
this can be accomplished through the use of waterproof membranes and seals.
Construction joints can he protected by the use of a neoprene or other
similar waterstop. Existing masonry or stone foundations are more difficult
to waterproof, particularly if the mortar joinis have deteriorated with age.
Sealing of walls to prevent seepage can be accompiished in many cases by
coating them, preferably on the exterior, wilh hydraulic cement, epoxy
paint, or other similar waterproofing materiais.

It must be recognized that sealing and waterproofing of walls increases Che
hydrauiic forces acting on the walls unless the drainage through the walls
which is afforded by the cracks and crevices prior to sealing is provided by
other means. Sometimes the wisest course would be to permit the seepage
through the wall and then control it by a floor drain and sump pump,
Existing cracks and leaks in walls sometimes can he the most practical form
of drainage to relieve pressure. In some cases this drainage can be
supplemented by holes driiled through the walis. Structural and hydraulic
analyses of alternative designs and associated cost estimates will enable
the designer to choose the most suitable means of controlling seepage at a
given building.

Sewage Backup

Most existing subdrains, whelther connected to sewerage systems or not, are
subject to backflow and high pressures during floods. Since these high
pressures could burst the usually encountered clay pipe subdrains and
endanger basement walis and floors, some device such as a gate valve musi be
provided for idsolating the subdrains around the building from these high
pressures.

There are several alternative methods for controlling backflow through
sewers. One method would be fo install a main valve al a localion where the
sewer is strong enough to resist the flood-induced pressure and where all
possible reverse flows can be stopped. See Jocations "A" and "B" in
Figure 10-4. This valve should be designed to accommodate grit and other
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materials which could lodge in it.

If the pipe is of sufficient sirength, an alternative would be to install
separate valves on all basement fixtures and fioor drains (Figure 10-4).
These valves could be inflatable rubber plugs or a similar type of
mechanically expandable rubber plug. Valves designed for low pressure (20
psi or less) could he installed in drain lines of fixtures which are below
design water levels. In either of the above alternatives, it wouid be
necessary to provide adequate sump pumps to handle any leakage.

Figure 10-5 presents another alternative for controlling sewer backup. This
alternative provides for conveying all floor drainage, applicance drainage,
drain-tile flow, and any seepage that might enter the building to a sump
pump.  The pump would 1ift the drainage up to an elevation above the design
flood on a permanent bhasis. By thus eliminating all gravity sewer drains,
the problem of flooding backflow can be eliminated and a subsurface area
permitied to function during floods.

Structural Engineering

The highly technical and thorough nature of the investigations and analyses
required in the design of effective, safe, and reliable flood-proofing
measures Tor both new and existing facilities cannot be overstressed.
Construction or modification of  subdrainage systems without such
investigation and analysis can vresult in a situation potentially more
dangerous to 1ife and property than no flood-proofing program at all.

The large number of factors and the potential magnitude of the forces
involved make it impossible to design flood-proofing measures by intuition.
Such an approach can Tead to loss of property and even life during a flood.

10.50 Flood-proofing Operations

Any individual or organizabion undertaking a contingenl or emergency
protection program must have a standard operating procedure to carry oui the
flood-proofing measures when the need arises. Some buildings can be secured
in a short fime while others may take considerably longer,

The flood-proofing system should be designed so that it may be put into
operation as quickly and as simply as possible. Flood shields, doors and
hatches may have to be handled during the most adverse weather conditions
(perhaps during the storm which causes the flood), so lightweight metals
should be used wherever possible,

Fiood-proofing items including bolts, gaskets, caulking, timbers, and flood
shields should be stored for easy access. The larger items should be stored
close to the point of insertion and in such a manner that they can be easily
s1id or dropped inte position. One lost or improperly mounted flood shield,
or the failure to isolate a sewer can defeat the besl flood-proofing system.
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Basement Rooms

Newly designed buildings may have machinery located on upper floors but most
older structures have the electrical machinery and the heating and pumping
equipment on lower fleors., It is these lower, subsurface floors which first
experience flooding problems from seepage and sewer backup. Flood-proofing
systems requiring pumps, electrical equipment, and emergency generators as
an essential part of the operation must be kept in working condition
throughout the crisis.

When buildings have entrances to subsurface levels from ground level, these
entrances should be adjusted to prevent the entry of overiand ¥low.

Utilities

When flood-proofing a buiiding, provision should be made to eliminate the
threat of flooding by way of gas mains, sewers, conveyor systems, and water
pipes or drain tiles which enter the building. Check valves can be
installed in utility pipes to protect against this source of flooding.

[T sewers are to be isolated, they should be constructed of pressure pipe.
Otherwise the pressure in the Tine could cause a ruplure.

Fuses and circuit breakers servicing flooded areas should be clearly marked
and easily accessiblie, Electrical circuits serving lower levels shouid be
designed or modified so that they can he cul off if flooding begins. This
will protecl against fires and loss of Tife due Lo electrical shocks. As
another precaulion, valuable electrical appliances which cannot he moved
shoutd be disconnected at the unit to prevent shor: circuiting and damage to
their power components,

Hall Openings

Windows and vents both above and below the surface should be sealed to
prevent the entry of flood waters. They may also need Lo be reinforced.
The walls should be strong enough to support the pressures added hy vent and
window veinforcements.  The wall sheuld also be treated or constructed to
prevent large amounts of water from passing through it.

Residential Homes

Residential consbruction does not Jlend itself readily to flood-proofing
because of the extensive use of materials that do not impede the passage of
water. Moreover, houses are seldom designed to withstand any significant
horizontal pressures.

In mosl cases in which an owner has purchased a finished house in an area
subject to fiooding, his success with flood-proofing will depend on whether
fiood stages are low on his property and whether the outer walls of the
structure are vreasonably dwmpervious. Under these conditions flood shields
can be designed to restrict the entry of water through openings in the
walis, providing the walls are strong enough to resist flood-induced
pressures.  An effective flood-proofing program must also include measures
to cope with sewer backup and groundwater seepage.
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Homeowners who have suffered severe basement flooding should consider the
reiocation of furnaces, hot water heaters, washers, dryers, air
conditioners, freezers, refrigerators, power shop equipment, and other
apptiances as a permanent flood-procfing measure.

The flood-proofing of a structure is analogous in many respects to making a
ship watertight and seaworthy. Flood-proofing involves nol only adjustments
to the foundation and substructure but also modifications of those parts of
the superstructure that are below anticipated flood levels (Figure 10-6).
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SECTION 11

Sediment and Lrosion Control
11.10 Understanding the Problem

Sedimentation involves three basic processes: erosion, transportation, and
deposition. These are natural geologic phenomena that have been in
continuous operation for miltlions of years. Man's land development
activities, however, have initiated severe, highly undesirabie, and damaging
alterations in the natural sedimentation cycle by drastically accelerating
the erosion-sedimentation process.

Erosion

The process of soil erosion by water on upland areas involves detachment
from the soil mass, transportation primarily by flowing water, and eventual
deposition of at teast the targer particies of the sediment. Soil is
detached by raindrop impact and by runoff shear forces, but man's activities
often toosen and pulverize soil, thereby making it more easily moved by
rainfail and vrunoff,  Downslope transportation of soil particles is
primarily by channelized runoff, although raindrop splash causes some net
downstope movement and fincreases the transport capability of unchannelized
overtand ftow,  Signhificant runoff does not occur until the rainfall
intensity 1s greater than the soil infiltration rate, but once runoff
begins, the quantity and size of material that can be transported is a
function of runoff velocity and turbulence. Deposition of eroded sediment
may occur when the velocity or turbulence of runoff decreases significantly.
Deposition is normally a quite selective process, with the largest and
densest particles settling out first, and the finer particles being carried
farther.  Therefore, the size distribution of the eroded waterial is
important in determining the portion of the sediment load deposited and the
composition of the material remaining in the runoff. Dispersed coiloidal-
sized particles remain in suspension for extended periods of time.

Sotl eroded from upland areas comes from Tocations of channelized fiow
calted rills and from sheet erosion above and between rilis. Sheet erosion
is not greatly influenced by slope steepness or Tlocation on a slope. Rill
ergsion primarily results from the effects of runoff and is greatly
influenced by siope and flowrate.

The soil type and the soil-cover conditions greatly influence soil
susceptibility to detachment and transport by rainfall and runoff.

The principal effect tand development activities have on the erosion
process is that of exposing disturbed soils to precipitation and to surface
runotf. Shaping of land for construction or development purposes alters the
soil cover and the soil in many ways, often detrimentally affecting on-site
drainage and runoff patterns and, eventually, off-site stream and streamflow
characteristics. Protective vegetation is reduced or removed, excavations
are made, topography is altered, the removed soil material is stockpiled
(often without protective cover) and the physical properties of the soil
are changed. The energy responsibie for erosion is provided by falling rain
and by the movement of surface runoff.
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Sedimentation

Surface runoff moves as sheet Tlow or becomes concentrated in vrills and
gullies. It fis dynamic in that it has energy to erode and transport soil
particies or sediment. If the available energy is greater than the burden
of the sediment Toad being transported, the moving water will erode the soil
to obtain additional sediment; if the load is greater, deposition of some of
the transported material will occur. Normally, runoff builds up rapidiy to
a peak and then diminishes. Excessive quantities of sediment are derived by
erosion principally during the higher flows. During lower fiows, as the
velocity of runoff decreases, the transported materials are deposited to be
picked up by iater peak flows. In this way, sedimenis are carried
downslope, or downstream, intermittently and progressively from their
source.

A study of sedimentation due to highway construction and land deveiopment in
Virginia indicated that 99 percent of the sediment discharge occurred during
periods of high flow which took place during only 3 percent of the period of
measurement.

Sediment Damage

Over four billion tons of sediment are estimated to reach the ponds, rivers,
and lakes of our country each year; approximately one biliion tons of this
sediment is actually carried all the way to the ocean. Approximately 10
percent of this amount is contributed by erosion from Tand undergoing
highway construction or tand development. Although these latter quantities
may appear to be small compared to the total, they could represent more than
one-half of the sediment 1load carried by many streams draining small
watersheds undergoing development.

Sediment yields in streams flowing from already urbanized drainage basins
vary from approximately 200 to 500 tons per square miie per year. In
contrast, areas undergoing urbanization often have a sediment yield of from
1,000 to 100,000 tons. It is easy to comprehend the tremendous quantity of
sediment reaching our streams and rivers annually since an estimated 3,000
to 4,000 acres of land in the U.S. are undergoing development for housing,
industrial sites, and highway construction every day. For very small areas,
where construction activities have drastically altered or destroyed
vegetative cover and the soil mantie, sediment derived from one acre of land
may exceed 20,000 to 40,000 times that obtained from adjacent undeveloped
woodland in an equivalent period of time.

Deposition tends to occur as the velocity of sediment-transporting streams
decreases. Excessive quantities of sediment cause costly damage to water
areas and to private and public Tands. Obstruction of stream channeis and
navigable rivers by masses of deposited sediment reduces their hydraulic
capacity which, in turn, causes an increase in subsequent flood crests and a
copsequent increase in fiood damages.

Sediment fills drainage channels, especially along highways and railroads,
and plugs cufverts and storm drainage systems, thus necessitaling frequent
and costly maintenance. Municipal and indusirial water supply reservoirs
lose storage capacity; the usefullness of recreational impoundments is
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impaired or destroyed;, navigable channels must continually be dredged; and
the cost of filtering muddy water preparatory to domestic or industrial use
becomes excessive. The added expenses of water purification in the United
States amounts to millions of dollars each year.

The general effect of fine-grained sediments, such as clays, silts, and fine
sands, in an aquatic environment is to reduce drastically both the kinds and
the amounts of organisms present, Sediments alter the existing aguatic
environment by screening out suniight and by changing the rate and the
amount of heat radiation. Particles of sitt settling on stream and lake
bottoms form a blanket which creates a nostile environment for the organisms
living there and literalily smothers many of them and their eggs.

Coarser-grained materials also blanket bottom areas to suppress aquatic life
found in these areas. Where currents are sufficiently strong to wmove the
bedioad, the abrasive action of these materiais 1in motion accelerates
channel scour and has an even more severely deteterious effect upon aguatic
tife. The aesthetic attraction of many streams, lakes, and reservoirs used
for swimming, boating, fishing, and other activities has been seriously
impaired by bank cutting and channel scour caused by higher flood stages
induced by sedimentation.

11.20 Erosion and Sediment Hazards Asscciated with Developing Areas

The development process is such that many people may be adversely affected
even by development of areas of land of only limited size. Uncontrolied
erosion and sediment frow these areas often cause considerable economic
damage to individuals and te society in general. Surface-water pollution
{streams, rivers, and iakes), channel and reservoir siltation, and damage to
public facilities and private properiy, are some of many examples of
problems caused by uncontrolled erosion and sedimentation.

Hazards associated with development include:

1. A large increase in areas exposed to storm runoff and soil erosion.

2. Increased volumes of storm runoft, accelerated soil erosion and
sediment yietd, and higher peak flows caused by:

a. Removal of existing protective vegetative cover.

b.  Exposure of underlying soil or geologic formations less pervious
and/or more erodibte than original soil surface.

¢. Reduced capacity of exposed soils to absorb rainfall due to
compaction caused by heavy equipment.

d. Enitarged drainage areas caused by grading operations, diversions,
and street construction.

e. Prolonged exposture of unprotected disturbed areas due to
scheduling probiems and/or delayed construction.
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f. Shortened times of concentration of surface runoff caused by
altering steepness, distance, and surface roughness and through
installation of "improved" storm drainage faciiities.

g. Increased impervious surfaces associated with the construction of
streets, buildings, sidewalks, and paved driveways and parking
lots.

3. Alteration of the groundwater regime that may adversely affect drainage
systems, slope stability, and survival of existing and newly
estabiished vegetation.

4. Creation of exposures facing south and west that may hinder plant
growth due to adverse temperature and moisture conditions.

5. Exposure of subsurface materiais that are rocky, acid, or otherwise
unfavorable to the establishment of vegetation.

6. Adverse alteration of surface runoff patterns by construction and
development.

11.30 Principles of Reducing Erosion and Sedimentation from Developing
Areas

The principies of reducing erosion and sedimentation from developing areas
are:

1. Plan the development to fit the particuiar topography, soils,
waterways, and natural vegetation at the site.

Initially, this is best achieved through adoption of a general land-use
plan based upon a comprehensive inventory of soil, water, and related
resources.

Stope length and gradient are key elements in determining the volume
and velocity of the vunoff and its associated erosion. As both siope
length and steepness increase, the rate of runoff increases and the
potential for erosion 1is magnified. Where possible, steep slopes
should be left undisturbed. By limiting the length and steepness of
the designed slopes, runoff volumes and velocities can be reduced and
erosion hazards minimized.

Soils which contain a high proportion of silt and very finre sand are
generaltly the most erodible. The erodibiiity of these soils is
decreased as the percentage of c¢lay or organic matter content
increases. MWeli-drained and weli-graded gravel-sand wixtures with
lTittie silt are tne least erodible soils. By reducing the length and
steepness of a given slope, even a highly erodible soil may show 1ittle
evidence of erosion. Long steep siopes should be broken by benching,
terracing, or constructing diversion structures.

The nearly level area adjaceni to either side of the channel of streams

is known as the floodplain. Floodplains are important because they
store excess runoff temporarily, thus helping to avoid erosion and
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3.

fiooding problems further downstream. Because of this, floodplains
should be preserved in their natural state. Construction and filling
activities should be minimized in these areas.

The natural vegetative cover is extremely important in controlling
erosion since it: {a) shields the soil surface from the impact of
falling raing (b} increases infiltration of water into the soil; (c¢)
reduces the velocity of the runoff water; and {d) holds soil particles
in place as well as filters surface runoff.

Expose the smailest practical area of land for the shortest possible

time.

When earthwork is vequired and the natural vegetation is removed, keep
the area and the duration of exposure to a minimum. Plan the phases or
stages of developmeni so that only the areas which are actively being
developed are exposed. All other areas should have a good cover of
temporary or  permanent  vegetation or mulch.  Grading should be
compieted as soon as possiblie after it is begun. Immediately after
grading is complete, permanent vegetative cover should be established
in the area. As cut sltopes are made and as i1l siopes are brought up
o grade, tLhese areas should be revegetated as the work progresses.
This i3 known as staged seeding. Minimizing grading of Tlarge ar
critical areas during the season of maximun ercsion potential (May 1
through September 30) reduces the visk of erosion.

After the best decision has been made regarding land use and the
development process begins, effective erosion control and sediment
reduction depends upon careful site planning, judicious selection of
conservation practices, adequate design, accurate installation in a
timely fashion, and sufficient wmaintenance to ensure the intended
resulis,

Apply "Erosion Control" practices as a first {ine of defense against

App;

on-site damage.

This third principle relates to using practices that control erosion on
a site te prevent excessive sediment from being produced. Keep soil
covered as much as possible with temporary or permanent vegetation or
with various mulch materials. Special grading methods such as
roeughening a slope on the contour or tracking with a cleated dozer may
be wused. Other practices include diversion structures to divert
surface runoff from exposed soils and grade stabilization structures to
conirol surface water,

"Gross" erosion in the form of qullies must be prevented by these
control devices. Lesser types of erosion such as sheet and rill
erosion should bhe prevented, but often scheduling or the large number
of practices makes this dmpractical. However, when erosion is not
adequataly  controlled, sediment  control s more difficult  and
expensive.

“Sediment Control" practices as a perimeter protection to prevent
damage.
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This principle relates to using practices that control sediment once it
is  produced and preventing it from getting off-site. Diversion
ditches, sediment traps, vegetative filters, and sediment basins are
examples of practices to control sediment. Vegetative and structural
sediment control measures can be classified as either temporary or
permanent depending on whether or not they will remain in use after
development 1is complete. Generally, sediment can be retained by two
methods: (a) filtering vrunoff as it flows through an area and {(b)
impounding the sediment-laden runoff for a period of time so that the
soil particies are deposited. The best way to control sediment,
nowever, is to prevent erosion.

5, Implement a thorough maintenance and follow-up operation.

This fifth principle s vital to the success of the four others. A
site cannot he effectively controlied without thorough, periodic checks
of the erosion and sediment control practices. These practices must he
maintained Jjust as construction equipment must be wmaintained and
materials checked and inventoried. An  example of applying this
principle would be to start a routine "end-of-day check" to make sure
that all control practices are working properiy.

Usually, these five principies are integrated 1into a system of
vegetative and structural measures, aiceng with management techniques,
to develep a plan to prevent erosion and provide sediment control. In
most cases, a combination of Tinited grading, Timited time of exposure,
and a Jjudicious selection of erosion control practices and sediment-
trapping facilities will prove to be the mest practical wmethod of
controlling ercsion and the associated production and transport of
sediment.

11.40 Standards for Erosion and Sediment Control in Developing Areas

The purpose of these Standards is to estabiish uniform criteria for the
design, review, approval, installation, and maintenance of erosion control
and sediment reduction practices on land undergoing grading, construction,
or development. Those responsibie for selection and design or for review
and approval of thase practices should evaluate the conditions existing at
the specific site and determine if the minimum criteria contained herein are
adequate or if more stringent criteria should be employed.

It is intended that these Standards will be used as the approved erosion and
sediment control practices. However, innovative metheds are encouraged,
provided that they are approved by the City Engineer.

These Standards were written to be generally applicable to all development
and construction sites. However, there may be many specific problems or
sites not appropriately covered by these standards. It is intended that
modifications to these Standards mey be made by the City of Dodge
ity in order fo improve or update them.

It is not the intent of this manual to preciude the use of other techniques

or Lo override the designer's ability cor responsibility %o use the most
appropriate methods of analysis or practices. When coaditions warrant
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special consideration or when more sophisticated methods are Jjustified by
ehgineering or economic considerations, the designer is encouraged to use
these methods. Approval to use such methods shall be obtained frowm the
City Engineer betfore proceeding with the design.

These Standards have been organized into two general areas:

i.  Temporary Structural Practices
2. Permanent Struciural Practices

Structural practices are constructed for the purpose of controlling the flow
of water, preventing erosion by flowing water, or for trapping sediment.

Yemporary practices are those used for relatively short periods of time,
from a three-month Timit on a straw bale dike {o a 3b-month 1imit on a
sediment basin, to accomplish erosion or sediment control during some stage
of construction. Requirements for temporary practices in the Standards have
peen streamlined to accomplish the iniended purpose with a winimum of cost.
These practices wust not be used for tonger than the periods of time
prescribed.  Also, individual designs are not required for temporary
structural practices in order to economize as wuch as possible on the
designer's time. Permanent practices are to be used for permanent features,
for an indefinite period of time, or when the temporary practices are not
adeguate.

It is the intent that practices described in Section 11.6 be temporary and
that the removal of these practices be the responsibility of the developer.
Removal should be performed when the need for the practice has been
eliminated by permanent stabilization.

The Standards are such that the permanent practices will accompiish their
intended function with a winimum of maintenance over long periods of time,
such as an underground storm drainage system would. Permanent practices
require individual designs in order to Tit the individual situations.

11.56G The Sediment Control Flan

The required Sediment Control Plan is a plan for controlling erosion and
sedinent during construction in compliance witn the laws, ordinances, and
these Standards.  This plan sheil be a part of the total site development
plait and prescribes all the steps necessary, including scheduling, to assure
erosion and sediwent control during ali phases of construction including
final stakilization.

Planning for sediment contre!l shoutd begin with the conceptual plan and its
preparation. Such features as soils and topography should be considered for
the conceptual plan as well as any requirements ftor sediment control or
stormwater management.

Flanming Tor sediment control should also begin with first-hand knowledge of
the site by the designer. The plan shall be based on a sufficiently
accurate topographic wmap that reflects the existing topography and site
conditions. Adjacent areas affecting the site or affected by the site and
its development shall be shown on the plans in sufficient detail to
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accomplish the need. LExamples of this wouid be areas draining onto the site
or areas where storm runoff leaves the site and travels to a stream or
drainage system.

The Sediment Control Pian wili consist of the best selection of erosion
control practices and sediment-trapping facilities, in conjunction with an
appropriate scnedule, to accomplish an adequate Tlevel of control.
Particular attention must be given o concentrated flows of water, either to
prevent its occurrence or to provide conveyance devices according to the
Standards to prevent "major" or “gross" erosion. Sediment-trapping devices
will wusually be required at all peoints of egress of sediment-laden water.
The plan must include permanent structures for conveying storm runoff, final
site stabilization, removal of temporary sediment control features such as
sediment basins, and finally, stabilization of the sites where temporary
features were removed. Plans showing improvements or construction to be
done outside the property iine for the site will generally not be approved
uniess the plan is accompanied by an appropriate legal easement for the area
in which the work is to be done.

The standardization of sediment control plans makes them easier to study and
review. The List of Standard Symbols (Figure 11-1) was developed to
facilitate plan review and to be easy to apply to the drawings by drafting
or by the use of standard symbols. The symbois should be bold and easily
identified on the plans.

Unless otherwise approved, one of the folilowing scales shall be used for the
detailed sediment control plans for urban development sites: 1" = 20', 1" =
300, 1" = 40", or 1" = 50'. The contour interval for these plans shall be 2
feet or smaller,

Sample Requirements for Sedimeni Control Plans

The area covered by the Sediment Control Plan must be adequately located on
a vicinity map. It must further be delineated and identified by project
name as shown on the record plat. All plans submitted for approval must be
accompanied by a completed Project Information Sheet (Figure 11-2}.
Information reguired on this form will be furnished by the developer and/or
his engineer,

Sediment Control Plan

The Sediment Control Plan shall include the existing and proposed
topography. LExisting topography can be either from actual field survey
obtained from approved photogrametric methods or from information obtained
from responsible agencies. No proposed slopes will exceed 2:1. All slopes
steeper than 3:1 will require low-maintenance stabilization.

The existing and proposed Jimprovements shall be shown on the sediment
cogntroi plan and will dinclude ail buildings, roads, storm drains, etc.
Praposed removal or alterations of existing facilities shall be indicated on
the plan.
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Figure 11-1
LIST OF STANDARD SYMBOLS

DINErSION DIk i inins assalososioiais oo s als S0 10 o B i F.... 2/
Intercepter‘ DB civs v od 5 s-aioaininis’ors acaraia aroine s aahe pjaaTais 3o h & .{

per1meter D1ke 2 9 0 0 00 00080 0000 8 8 2 0 8 8 00 00 00N eSSBS 0N RS _2./
Straw Ba]e Dike.ll...l.ll....‘...l.......‘...‘.....O... h SBD g/
S.i]t Fence LR B B N B R B B A B B B B B N R B B B B I BB R B B B M 2/
IS .
I e G B O WA B s hisiasn s sowin urouhlorn's Al o s 4 5 ala Rt 18 w0 0k y e
PS
Per‘imeter Swa‘[e.l.......0.........‘.!“!‘ lllllllllllll :
SCE
Stabilvzed Construction ENCranCas ciciseissioe sonsvipsuss
Stone' Out‘let Structure.‘...l............‘............I hsos /
Grade SLAbT-|1ZaCI0N, SEPUCTUPE fo . oo s soissaisieis malaivie st
Chute or Flume (Example for Size group...........

A and. six foot bottom width)

14 }

Rigid Pipe Slope Drain (Example for...ecceeescsss

12" diameter pipe) PSD-12
Flexible Pipe Slope Drain (Example for...........

18" diameter pipe) PSD~18
Diversion l.;‘.ill........l........l...-.. IIIIII L] v .

GW L
Grassed Waterway.....eeeeveeccecsonnncessnncccnns —
T e o M e U S RN e i G N TR e s ot 4 Lo "
ISt () o ot e ety e T BN WO el e o S i
Notes:

1. Arrows point downslope or to the outlet.
2. Dike and diversion symbols, shall have a cross mark to clearly
show where the structure begins and ends.
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Figure 11-2
SAMPLE PROJECT INFORMATION SHEET

To: The City of Dodge City

Date

Gentlemen:

The enclosed Sediment Control Plan, supporting documents, drawings and computations are
respectfully submitted for your approval.

Record Plat Title: Scheduled Start of Grading:
Scheduled Completion of Storm Drainage, Paving
Type Zoning: ; and/or Stabilization:
Size of Tract: Sediment Control Practices Planned:
Grading options:
Preliminary Plan (date of approval) Limited initial grading (designate areas)
Owner(s): Delayed site (or lot) grading
Delayed finish grading
Address: Total site grading initially
Erosion Control Devices (use proper
Phone: nomenclature - permanent structures to be so
indicated on drawings):
Soil Information: Diversion Dikes
Locate property boundaries on Interceptor Dikes
Soil Survey Sheet and provide Grade Stabilization Structure(s)
copy, OR, indicate Sheet Number (specify flume, flexible down drain,
and 1ist symbols: etc.)

Level Spreaders
Grassed Waterways (or ditches)

Jurisdiction (check one): Diversions
County Sediment Traps
City Sediment Basin (specify number )
Other (specify) Other

Utilities (check appropriate space):
Sewer ( public or private) Critical Area Stabilization (Identify areas on
Water ( public or private) plan):

Structural (crushed stone, paving, etc.)

Plans Prepared by:

(Phone No.) (Address)
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Sediment Control Practices

ALl sediment control practices must be identitied on the Sediment Control
Pian. These practices wilt be shown in sufficient detail to facilitate
implementation. All permanent sediment control structures will be labeled
on the plan as PERMANENT. Al temporary stabilization practices will be
Tabeled on the plan as TEMPORARY. The location and methods of stabilization
will be indicated on the Plan.

A schedule, or seguence, of operations witt be included on the Sediment
Control Plan. Special emphasis will be placed on the scheduled start of
clearing and/or grading, sequence of instailation of sediment control and
stormwater management facilities, duration of exposure, and the scheduled
start and completion dates of stabilization measures {both temporary and
permanent).

Sediment Basins

On projects incorporating sediment basins, the information requested in the

“Standards shall be submitted for approval. Supporting computations will be
furnished on a design data sheet simifar to that shown in Figure 11-3 for
sediment basin design. Additionally, state on the Plan the provisions for
stabilization of the structure and the elevation at which cleanout s
required.

Street Profites

dnooprojects wiere streets arce to be graded, street profiles must be
furnished. Include the location and spacing of interceptor dikes, the
Tecation of diversion dikes, and the location of outiets for the dikes.
Provide finformation describing the condition below the outlets, inciuding
existing vegetation, slope, and the method of stabiiizing the outfall area,

Whare necessary,

Drainage Plan

A Drainage Plan shall be provided as per Sections 2 and 3. Based on this
Plan, indicate the velocity for (1) pipe cutfall, [2) outfall structure, and
{3) natural or designed channel below outfall structures fo point to entry
tnto existing system or natural stream. Show on Sediment Control Plan the
proposed method of  stabilizing the outfall, consistent with computed
velocities.

AL.6d Standards for Temporary Structural Practices
Biversion Dike
Definition

A temporary ridge of compacted soil fmmediately above cut or fill slopes and
constructed with sufficient grade to provide drainage.

et
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Figure 11-3

SEDIMENT BASIN DESIGN DATA SHEET

Computed by Date
Checked by Date
Project ;
Basin
# Location

Total Area draining to basin,

ACres.

BASIN VOLUME DESIGN

1. Min. required vol. = 67 cu. yds. X ac. drainége = cu. yds.
2. Vol. of basin = = .cu. yds.
3. Excavate cu yds. to obtain required capacity.

Min. vol. before cleanout = 27 cu. yds. x ac. drainage= cu. yds.

Elevation corresponding to scheduled time To clean out

Distance below top of riser

DESIGN OF SPILLWAY

Runoff
4. Q= cfs (See Chapter 2, Storm Runoff)
Pipe Spillway (Qps)
5. Min. pipe spiliway capacity, Qps = 0.2 x ac. drainage = cfs.

Note: If there is no emergency spillway, then req'd. st = Op = cfs.
6 He= ft. Barrel length = ft.
7. Barrel: Diam. inches;
8. Riser: Diam. inches; Length ft.; h = LY
Emergency Spillway Design
10. Emergency Spillway Flow, Qgg = Qp - Qps = - = cfs.
11. Width FioH ft.

Entrance Channel Slope %

Exit Channel Slope %

ANTI-SEEP COLLAR DESIGN

120 vym Loz = :1; pipe slope = %, Lg s

Use collars, ‘- " square; projection = £t

DESIGN ELEVATIONS

13. Riser Crest = Design High Water =

Em. Spwy. Crest =

Top of Dam
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Purpose

The purpose of a diversion dike is fo fintercept sterm vrunoff from smail
upland areas and divert it from exposed slopes to an acceptable outlet.

Application
The diversion dike s used for the period of construction at the top of
newly constructed stopes o prevent excessive erosion until permanent
drainage features are instatled and/or slopes are stabilized:
NDesign Criteria

Table 11-1 Diversion Dike Design Criteria

Drainage Area: Less than 5 acres (for larger drainage areas see
Standards for Diversicn).

Top Width: 7 feel minimum.

Height (Compacted): 18 dinches mivimem  beight measured  from  the
existing ground at the upsiope toe to top of the
dike.

Side Slopes: 2:1 or flatter.

Grade Dependent  upon  topoegraphy.  but must  have

pesitive dratnage.

Stabitization: where stope of channel {flow arca) is:

0 - 5%: Stabitization way be reauived by the
desianer according to the neceds of the site.

Over b%:  Stabilization shall be reguired.

Stabilization shall be: (1) in accordance with
Standards  for Diversion, or {Z2) by lining the
flow area with stone that meets AASHTO M43, Size
Mo, 7 or 24 in a layer at least 3 inches in
thickness and extending up the upsicpe side of
the dike at a height of at least & inches,
measurad vertically from the upsiope toe, and
extending at least 7 feel upslope from ihe
upslepe toe.

Outlet

A. Diverted vunoff from a protected or stablized area shall discharge
directly to an undisturbed stabilized area or into a level spreader or
grade stabilization structure.

8. Diverted runofi from a disturbed or exposed upland area shail be
conveyed to a sediment trap or sediment basin, or Lo an area protected

by any of these practices.
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Interceptor Dike
Definition

A temporary ridge of compacted soil Jocated across disturbed areas or
rights-cf-way.

Purpose

The purpose of an interceptor dike 1is to shorten the length of exposed
slopes, thereby reducing the potential for erosion by intercepting storm
runoff and diverting it to a stabilized outlet or sediment-trapping device.

Application

Interceptor dikes are constructed across disturbed rights-of-way such as for
nipelines and streets or disturbed areas such as graded parking lots or
Tandfills. The dikes snall remain in place until the disturbed areas are
permanentiy stabilized.

Design Criteria
Table 11.2 Interceptor Dike Design Criteria

A design is not required for interceptor dikes; however, the following
criteria shall be used:

Drainage Area: Less than 5 acres {for larger drainage areas see
Standards for Diversionj.

Top Width: 2 feet minimum.

Height: 18  dnches wminimum  height measured from the
existing or graded ground at the upslope toe to
top of the dike.

Side Slopes: 2:1  or filatter (flat enough o allow
construction traffic to cross if desired).

Grade: 0.5 to 1.0 percent and must have positive
drainage to an acceptabie outlet.

Stabilization: Not  required by this Standavd but may be
required by tha designer according to the needs
of the site.

Stabilization, when required, shall be: {1} in
accordance with Standards for Diversion, or {2)
by Tining the flow area with stone that meets
AASHTO ™43, Size No. 2 or 24 in a layer at
least 3 inches in thickness and pressed into
the scii. The Tining shall extend up the
upslope side of the dike a height of at least 8
inches measured vertically from the upslope toe

11 - 16



shall extend at Tleast 7 feet upsiope from the
upslope toe.

spacing:

Slope of right-of-way Greater Less

or disturbed areas ahove than than

dike 10% 5-10% 5%

Maximum distance between

dikes 100 feet 200 feet 300 feet
OQutlet

Interceptor dikes shall have an outlet that functions with a minimum of
erosion,

Runoft shalt be conveyed to a sediment trap or sediment basin when either
the dike channel or the drainage area above the dike is not adequately
stabilized.

The on-site location may need to be adjusied to meet field conditions in
order to utilize the most suitable outlet.

Perimeter Dike
Definition

A temporary ridge of compacted soil located along the perimeter of the site
or disturbed areas.

Purpose

The purpose of a perimeter dike is to prevent off-site storm runoff from
entering the disturbed area and to prevent sediment-laden storm runoff from
leaving the construction site or disturbed area.

Application

The perimeter dike is used at the perimeter of the disturbed area during the
period of construction fo transport sediment-laden water to a sediment-
trapping device. This dike shall remain in place until the disturbed area
is permanentiy stabilized. The storm runoff prevented from entering the
disturbed area by the perimeter dike shall be adequatety handled to prevent
damage to adjacent property by flooding or erosion.

Design Criteria

The perimeter dike shall not be constructed outside the property Ilines
without obtaining legal easements from affected adjacent property owners.

A design is not required for perimeter dikes; however the following criteria
shall be used:
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Table 11-3 Perimeter Dike Design Criteria

Drainage Area: Less than 5 acres (for larger drainage areas see
Standards for Diversion).

Top Width: 2 feet minimunm.

Height: 18 inches minimum height measured f{rom the
existing or graded ground at the upslope toe to
top of the dike.

Side Slopes: 2:1  or flatter {(flat enough to allow
construction traffic to cross if desired).

Grade: Dependent wupon topography, but shall have
positive drainage to an adequate outiet.

Stabilization: Where slope of the channel {flow area) is:

0 ~ 5%: Stabilization may be required by the
designer according to the needs of the
site.

Over 5%: Stabilization shall be required.

Shall be: {1) in accordance with Standards for
Diversion, and the area to be stabiiized shall
be the channel {flow area); or (2) the flow area
shall be lined with stone that meets AASHTO M43,
Size No. 2 or 24 which is placed in a 3-inch-
thick layer and pressed into the soil.

Qutlet

A.

Diverted runoff from a protected or stabilized upland area shall outlet
directly onto an undisturbed stabilized area or into a levetl spreader
or grade stabilization structure.

Diverted runoff from a disturbed or exposed upland area shall be
conveyed to a sediment trap or a sediment basin, or to an area
protected by any of these practices.

Straw Bale Dike

Definition

A temporary barvier with a Tife expectancy of 3 months or less, installed
across or at the toe of & slope.

Purpose

The purpose of a straw bale dike is to intercept and detain small amounts of
sediment from unprotected areas of limited extent.
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Application
The straw bale dike is used where:
A. No other practice is feasible, and

B. There is no concentration of water in a channel or other drainageway
above the barrier, and

C. Erosion would occur in the form of sheet and rill arosion, and

D.  Contributing drainage area is less than 0.5 acres and the tength of
slope above the dike is less than 100 feet. The practice may also be
used for a long single-family Tot if the slope is less than 15 percent.
The contributing drainage area in this instance shall be less than 1
acre and the length of slope above the dike shall be less than 200
feet,

Design Criteria

A design s not required. A1l bales shall be placed on the contour and
shall be either wire bound or nylon-string tied.

Silt Fence
Definilion

Temporary barrier fence made of burlap or polypropylene material which is
water-permeable but will frap water-borne sediment.

Purpose

to intercept and detain water-borne sediment from unprotected areas of
fimited extent,

Application

A silt fence is used during the period of construction near the perimeter of
a disturbed area to intercept sediment while allowing water to percolate
through. This fence shall remain in place until the disturbed area is

permanently stabilized. Silt fence should not be used where there is a
concentration of water in a channel or other drainageway.

Besign Criteria

A silt fence is constructed near the perimeter of a disturbed site within
the developing area. It is not to be constructed outside the property lines
without obtaining a legal easement from the affected adjacent property
owners,

A design is not required for the instailation of a silt fence; however, the
following criteria shall be cbserved:
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Table 11-4 Silt Fence Design Criterta
Drainage Area: Less than 2 acres.

Height: 30-inch  wminimum height measured Tfrom the
existing or graded ground.

Material: Burlap, polypropylene fabric, ar nylon
reinforced with polyester netting. The Mullen
burst strength shall be greater than 150 psi.
The edges shall be treated fo prevent
unraveiing.

Support: Steel fence posts spaced a maximum 8 feet apart.
Woven wire shall be reqguired %to support the
material unless the manufacturers

recommendations exclude its use.
Qutilet
The silt fence shall be placed and constructed in such a manner that runoff
from a disturbed upland area shall be intercepted, the sediment trapped, and
the surface runoff allowed to percolate through the structure.
The silt fence shall be placed in such a manner that surface runoff which
percolates through will flow onto an undisturbed stablized area or stablized
outiet.
Interceptor Swale

Definition

A temporary excavated drainageway located across disturbed aveas or rights-
of-way.

Purpose

The purpose of an interceptor swale is to shorten the length of exposed
slopes, thereby reducing the potential for erosion by intercepting storm
runcff and diverting it to a stablized outlet or sediment-trapping device.
Application

Interceptor swales are constructed across disturbed vrights-of-way such as
for pipelines and streets or disturbed areas such as graded parking lots or
landfills. The swale shali remain in place until the disturbed areas are
permanently stabilized.

Design Criteria

A design is not required for interceptor swales; however the following
criteria shall be used:
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Table 11-5

Drainage Area:

Bottom Width:
Depth:

Side Slopes:

Grade;

Stabilization:

Traffic Crossings:

Spacing:

Stope of right-of-way
or disturbed area
Maximum distance
between swales

Dutlet

A interceptor swale shall
erosion.

Interceptor Swale Design Criteria

Less than 5 acres (for larger drainage areas see
Standards for Grassed Waterway).

7 feet minimum and the bottom shall be level.
1 foot minimum.

Z2:1  or flatter (flat enough to allow
construction traffic to cross if desired).

I to 3 percent; must have positive drainage to
an adeguate outlet.

Not vrequired by this Standard but may he
required by the designer according to the needs
of the site. Stabilization shall be: {1) in
accordance with the Standards for Grassed
Waterway, or (2) by %tining the flow area with
stone that meets AASHTO M43, Size No. 2 or 24 in
a layer at least 3 inches in thickness and
pressed into the soil. The 1ining shail extend
across the bottom and up both sides of the
channel a height of at least 8 inches vertically
above the hottom.

At alt points where several or more vehicle
crossings per day will be wade, the swale shall
be stabilized according to Stabilization Method
No. 2, except the stone Tining shall be at Jeast
6 inches in thickness for the full width of the
traffic crossing roadway.

Greater Less
than than

10% 5-10% 5%

i00 feet 200 feet 300 feet

have an outlet that functions with a minimum of

Runoff shall be conveyed to a sediment trap or sediment basin.

The on-site location may need to be adjusted to meet field conditions in
order to utilize the most suitable outlet.
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Perimeter Swale
Definition

A temporary excavated drainageway located along the perimeter of the site or
disturbed areas.

Purpose

The purpose of a perimeter swale is Lo prevent off-site storm runoff from
entering the disturbed area and to prevent sediment-taden storm runoff from
leaving the construction site or disturbed area.

Application

The perimeter swale is used for the period of construction at the perimeter
of the disturbed area to transport sediment-laden water to a sediment trap
or sediment basin. This swale shall remain in place until the disturbed
area is permanently stabilized. The perimeter swale also is used to prevent
storm runoff from entering the disturbed area. This runoff shall be
adequately handled to prevent damage to adjacent property from flooding or
erosion.

Design Criteria

The perimeter swale shall not be constructed outside the property Tlines
without obtaining legal easements from affected adjacent property owners. A
design is not required for perimeter swale; however the following criteria
shall be used:

Table 11-6 Perimeter Swale Design Criteria

Drainage Area: lLess than 5 acres (for larger drainage areas,
see  Standards for Diversion or Grassed
Waterway).

Bottom Width: 7 feet minimum and the bottowm shall be leveld.

Depth: 1 foot minimun.

Side Slope: 2:1  or flatter (flat enough to allow
construction traffic to cross if desired).

Grade : Dependent upon topography, but shall have a
minimum grade of 1 percent to an adequate
outiet.

Stabilization: Where slope of the channel (flow area) is:

1 - b5%: Stabilization may be required by the
designer according to the needs of the
site.
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Over 5%: Stabilization shall be required.

Stabilization shall be: (1) in accordance with
the Standards for Grassed Waterway, or (2) by
Tining the flow area with stone that meets
AASHTO MA3, Size No. 2 or 24 in a layer at least
3 dnches in thickness and pressed into the soil.
The Tining shall extend across the bottom and up
both sides of the channel a height of at least 8
inches verticatly above the bottom.

Traffic Crossings: At all points where several vehicle crossings
per day will be made, the swale shall be
stabilized according to No. 2 above, except the
stone lining shall be at least 6 inches in
thickness for the full width of the traffic
crossing roadway.

Jutltet

AL Diverted runoff from a protected or stabilized upland area shall outlet

directly onto an undisturbed stabilized areca, Tevel spreader, or into a
grade stabilization structure.

3. Diverted runoff from a disturbed or exposed upland area shall be
conveyed to a sediment trap or a sediment basin, or within an area
protected by any of these practices.

Stabilized Construction Entrance

Definition

A stabilized pad of crushed stone located at any point where traffic will be

entering or leaving a construction site to or from a public right-of-way,

street, alley, sidewaik, or parking area.

Purpose

The purpose of a stabilized construction entrance is to reduce or eliminate
the tracking or flowing of sediment onto public rights-of-way.

Application

A stabilized construction entrance applies to all points of construction
ingress and egress.

Desiyn Criteria
Tabte 11.7 Stabilized Construction Entrance Design Criteria

Stone Size: Use AASHTO Designation MA3, Size No. 2 (2.5 dinches to
1.5 inches).
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Thickness: Not less than 8§ inches.

Width: Mot Jess than fulil width of all points of ingress and
egress.
Length: As required, but not less than 50 feet.
Maintenance

The entrance shall be maintained in a condition which will prevent tracking
or flowing of sediment onto pubiic rights-of-way. This may require periodic
top dressing with additional stone as conditions demand and repair and/or
cleanout of any measures used to frap sediment. All sediment spiiied,
dropped, washed, or tracked onto public rights-of-way must be removed
immediately.

When necessary, wheels must be cleaned Lo remove sediment pricor to entrance
anto publiic right-of-way. When washing is required, it shall be done on an
area stabilized with crushed stone which drains into an approved sediment
trap or sediment basin. A1l sediment shall he prevented from entering any
storm drain, ditch, or watercourse through use of sand bags, gravel, boards,
or other approved methods.

Stone Outlet Structure
Definition

A temporary crushea-stone dike installed in conjunction with, and as a part
of, a diversion dike, interceptor dike, or perimeter dike.

Purpose

The purpose of the stone outlet structure is fo provide a protected outlet
for a diversion dike, interceptor dike, or perimeter dike, to provide for
diffusion of concentrated flow, and to allow the area behind the dike to
dewater.

Apptication

Stone oultet structures apply to any point of discharge where there is need
to dispase of runoff al a protected outlel or to diffuse concentrated flow
for the duration of the period of construction. When the entire drainage
area to the structure is not stabilized, a sediment trap must be provided in
conju?ction with the stone outlet structure. {See Standards for Sediment
Trap.

Design Criteria

A stone outlet structure shail be used only where the contributing watershed
is less than five acres. The minimum length, in feet, of the crest of the
stone outlet structure shall be egual to six times the number of acres of
contributing drainage area. The crest of the stone dike shali be at least
six inches Tlower than the lowest elevation of the top of the earth dike and
shall be level. The stone shall be crushed stone. CGravel may be used only
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it crushed stone s not available. The stone shall meet AASHTO M43, Size
No. 2 or 24.

Gutlet

The stone outlet structure shall be located so as to discharge onto an
already stabilized area or into a stable watercourse. Stabitization shalil
consist of complete vegetal cover, paving, etc., sufficiently established to
he erosion resistant.

Grade Stabitization Structure (Paved Chute or Flume)

Definition

A temporary channel lined with bituminous concrete, Portiand cement
concrete, or comparable non~erodibie material placed to extend from the top
of a sltope to the bottom of a slope.

Purpose

The purpose of the paved chute or flume is to convey surface runoff safely
down sTopes without causing erosion.

Application
A paved chute or flume s to be used where concentrated fiow of surface
runoff must be conveyed down a slope in order Lo prevent erosion. The
maximum altowable drainage area shall be 36 acres.
Design Criteria
size Group A
A.  The height (H) of the dike at the entrance is at least 1.5 feet.
B.  The depth (d) of Lhe chute down the slope is at least 8 inches.
C.  The length (L) of the inlet and outlet sections is 5 feet.
size Group B
A, The height (H) of the dike at the entrance is at least 2 feet.
B.  The depth (d) of the chute down the slope is at least 10 inches.
. The length (L) of the inlet and outlet section is 6 feet.

Fach size group has various bottom widths and allowable drainage areas as
shown helow:
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Table 11-8 Paved Chute Or Flume Design Criteria

Bottom Max imum Hottom Max imum
Width, b Drainage Area Width, b Drainage Ares
Sizel (feet) (acres) Sizet { feet) {acres)
A-2 2 5 B4 4 14
A-4 4 8 B-6 ) 20
A-b 6 11 8-8 8 25
A-8 8 i4 B-+10 10 31
A-10 10 18 g-12 12 36

l. The size is designated with a letter and a number, such as A-6, which
means a chute or flume in Size Group A with a 6-foot bottom width. The
selected size shall be shown on the plans.

If a minimum of 75 percent of the drainage area will have a good grass or
woodland cover throughout the 1ife of the structure, the drainage areas
listed above may be increased by 50 percent. If a minimum of 75 percent of
the drainage area will have a good mulch cover throughout the 1ife of the
structure, the drainage areas listed above may be increased by 25 percent.
Qutiet

When a paved chute or flume of size Group B is used, the velocity at its
outfall shall be checked for erosion potential downstream.

Grade Stabilization Structure {Pipe Slope Drain)
Definition

A flexible tubing and/or rigid pipe with prefabricated entrance section
temporarily placed to extend from the top of a slope to the bottom of a
slope.

Purpose

The purpose of the pipe slope drain is to convey surface runoff safely down
slopes without causing erosion.

Appiication
Pipe slope drains are to be used where concentrated flow of surface runoff

must be conveyed down a slope in order to prevent erosion. The maximum
allowable drainage area shall be b acres.
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LPesign Criteria
Pipe siope drains are to be sized as follows:

Table 11.9 Pipe Slope Drain Design Criteria

Pipe or Tubing Maximum Drainage
Size Diameter, D (in.) __MArea (acres)
PSh-12 12 0.5
PSH-18 18 1.5
PSp-21 21 2.5
PSH-24 24 3.5
PSH-30 30 5.0

intet

The height of the earih dike at the entrance to the pipe slope drain shall
be equal to or greater than the diameter of the pipe, D, plus 12 inches.

Dutlet

The pipe slope drain shall outlet onto a riprap apron and then into a
stabilized area or stable watercourse. A sediment-trapping device shall be
used to frap sediment from any sediment-laden water conveyed by the pipe
stope drain.

Sediment Basin

Definition

A temborary barrier or dam consfructed across a waterway or at other
suitable Jocations to intercept sediment-laden runoff and to trap and retain
the sediment.

Scoepe

This standard applies to the instaliation of temporary sediment basins on
sites where: (1} failure of the structure would not result in loss of life,
damage to homes or buildings, or dinterruption of use or service of public
roads or utilities; (2) the drainage area does not exceed 100 acres, and (3)
the basin dis to be removed within 3% months after the beginning of
construction of the hasin.

Purpose

The purpose of a sediment hasin is to intercept sediment-laden runoff and
reduce the amouni of sediment leaving the disturbed area in order to protect
drainagaways, properties, and rights-of-way below the sediment basin,
Appiication

A sediment basin applies where physical site conditions or land ownership
restrictions  preclude  the dinstaliation of erosion control measures to
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adequately control runoff, erosion, and sedimentation. It may be used below
construction operations which expose critical areas to soil eresion. it
remains in effect until the disturbed area is protected against erosion by
permanent stabilization.

Design Criteria for Temporary Sediment Basins

Compiiance with lLaws and Regulations

Design and construction shali comply with stsate and Tocal laws,
ordinances, rules, and reguiations.

The sediment basin should be located to obtain the maximum storage
benefit from the terrain and for ease of cleanout of the trapped
sediment, It should be located to minimize interference with
construction activities and construction of utilities.

Size of the Basin

The volume of the sediment bhasin, as measured from the bottom of the
basin to the elevation of the crest of the principal spitiway shall be
at least 67 cubic yards per acre of total drainage area (0.5 inches).

Sediment basin shall be cleaned out when the volume as described above
is reduced hy sedimentation to 27 cubi¢ yards per acre of drainage area
(0.2 inches), except in no case shall the sediment level be permitted
to build wup higher thar 1 foot below the principal spillway crest.
This cleanout shall restore the original design voiume to the sediment
basin. The elevation corresponding to the maximum allowablie sediment
level shall be determined and shaill be stated in the design data as a
distance below the top of riser and shall be clearly marked on the
riser,

The basin dimensions necessary to obtain the required hasin volume as
stated above shatl be cleariy shown on the plans to facilitale plan
review, construction, and inspection.

Entrance of Runeff into Basin

Points of entrance of surface runoff into excavated sediment bhasins
shall he protected to prevent erosion. Diversions, grade stabiiization
structures or other water control devices shall be dinstalled as
necessary to ensure direction of runoff and protect points of entry
into the basin.

The sedimeni basin plans shall indicate the method{s) of disposing of
the sediment vemoved from the basin. The sediment shall be placed in
such a manner that it will not erode from the site. The sediment shall
not he deposited downstream from the basin or in or adjacent to a
stream or floodplain.

11 - 28



The sediment basin plans shall also show the method of disposing of the
sediment basin after the drainage area is stabilized, and shall include
the stabilizing of the sediment basin site. Water 1lying over the
trapped sediment shall be removed from the basin by pumping, cutting
the top of the riser, or other appropriate method prior to removing or
breaching the embankment. Sediment shail not be allowed to flush into
the stream ov drainageway.

safety

sediment basins are attractive to children and can be very dangerous.
Therefors, they shall he fTenced or otherwise secured unless this is
deemed unnecessary due to the remoteness of the site or other
circumstances. In any case, local ordinances and regulations regarding
health and safety musi be adhered to.

Spillways

Sediment hasins shall conform te the hydrologic, hydraulic and other
design criteria for storage structures as given in Section 9.20.

Sediment Trap
Definition

A small temporary basin formed by excavaltion and/or an embankment to
intercept sediment-Taden runoff and to trap and retain the sediment.

Furpose

The purpose of a sediment trap is to intercept sediment-laden runoff and
trap the sediment in order Lo protect drainageways, properties, and rights-
of -way below the sediment trap from sedimentation,

Application

A sediment trap s ususlty instalied in a drainageway, at a storm drain
inlet, or at other points of discharge from a disturbed area,
Besign Criteria

I any of the design criteria presented here cannot be met, see Standards
Tor Sediment Basin.

Urainage Arvea

The drainage area for a sediment Lrap shall be iess than 5 acres.
Location

The sediment trap should be Jlocated to obtain the maximum storage
benefil  from the terrain, for ease of cleanout and disposal of the

trapped sediment and to winimize interference with construction
activities.




frap size

The volume of a sediment trap as measured at the elevation of the crest
of the outlet shall be at least 1800 cubic feet per acre of drainage
area. The wvolume of the <frap shall be calculated using standard
mathematical procedures. The volume of a natural basin may be
approximated by the equation: volume {(ft3) = 0.4 x surface area (ftZ)
X maximum depth (Fi).

Trap Cleanout

Sediment shall be removed and the trap restored to its original
dimensions when the sediment has accumulated to one-half of the design
depth of the trap. Sediment removed from the trap shall be deposited
in a suitable area and in such a manner that it will not erode.

Embankment

ATl embankments for sediment traps shall not exceed 5 feel in height as
measured at the low point of the original ground along the centerline
of the embankment. Embankments shall have a minimum 4-foot-wide top
and side stopes of Z:1 or flatter. The embankment shall be compacted
by traversing with equipment while it is being constructed.

Excavation

A1l excavation operations shall be carrvied out in such a manner that
erosion and water pollution shall be minimal. Any excavated portion of
sediment trap shall have Z2:1 or flatter slopes.

Qutlets

There are four types of outlets for sediment traps. Fach sediment trap
is named according to the type of outlet that it has. Fach type has
different design criteria and will be discussed separately. The
outlets shall be designed, constructed, and maintained in such a manner
that sediment does not leave the trap and and that erosion of Lhe
outlet does not occur. A trap may have several different cutlets, with
each outlelt conveying part of the flow, based on the criteria below.
The combined outlet capacity shall meet thal criteria. For exampie, a
12-foot earth outlet {adequate for 2 acres) and a 12-inch pipe outiet
(adequate for 1 acre) could be used for a 3-acre drainage area.

1. An earth-outlet sediment trap consists of a basin formed by
excavation and/or an embankment. The trap has a discharge point
over or cut into natural ground. The outlet width, in feet, shall
be egual to six times the drainage area,in acres. If an
embankment 1is used, the gutlet crest shall be at Teast 1 foot
below the top of the embankment. The outlet shail be free of any
restriction to flow.

Z. A pipe-cutiet sediment trap consists of a basin formed by

excavated embankments. The outiet for the trap 1is through a
perforated riser and a pipe through the embankment. The outlet
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pipe and riser shall be made of corrugated metal. The riser
diameter shall be of the same or larger djameter than the pipe.
The top of the embankment shall be at Jeast 1.5 feet above the
crest of the riser. At least the top two-thirds of the riser
shall be perforated with {.5-inch-diameter holes spaced 8 inches
vertically and 10 to 12 inches horizontally. A1l pipe connections
shali be watertight.

Select pipe diameter from the following table:
Tabie 11-10 Sediment Trap Outiets

Minimum Pipe Maximum Drainage
Diameter (in.) Area {ac)

o
F
Ol W

3. A stone-putiet sedimeni trap consists of a basin formed by an
embankment or excavation and an embankment. The outlet for the
trap is over a level stone section. The stone outlet for a
sediment trap differs from that for a stone outlet structure
because of the intentional ponding of water behind the stone. To
provide for a ponding area, a relatively impervious core (e.g.,
timber, concrete block, or straw bales) is placed in the stone.
The core shall be covered by & inches of stone.

The minimum Yength, in feet, of the outlet shall be equal to six
times the drainage area, in acres. The crest of the outlet (top
of stone) shall be at least 1 foot below the top of the
embankment. The c¢rushed stone used in the outlet shall meet
AASHTO M43, Size No. 2 or 24, or its equivalent. Gravel meeting
the above gradation may be used if crushed stone is not available.

4. A storm-intet sediment trap consists of a basin formed by
excavation or natural ground that discharges thrcugh an opening in
a storm drain inlet siructure. This opening can either be the
inlet opening or a temporary opening made by omitting bricks or
blocks in the inlet.

A yard drain inlet or an inlet in the median strip of a dual
highway would use the inlet opening for an outlet. A curb inlet
would require a femporary opening. The trap should be out of the
roadway so as not to interfere with construction. Placing the
trap on the opposite side of the opening and diverting water from
the roadway to the trap is one means of doing this.

Sediment Plan Detaiis
There s no standard symbol for a sediment trap. Each trap shall be

delineated on the plans in such a manner that it will not be confused with
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any other features, FLach trap on & plan shall have a number and the numbers
shall be consecutive. The following information shall be shown for each
trap in a summary table form on the same sheet that the trap is on:

1.  Type of trap

2. Size of outlet

3. Trap dimensions

4.  Embankment height and excavation depth

5. Drainage area

11.70 Standards For Permanent Structural Practices
Diversion

Definition

A drainageway of parabolic or trapezoidal cross section with a supporting
ridge on the Tower side that is constructed across the slope.

Purpose

The purpose of a diversion s to intercept and convey runoff to stable
outlets at nonerosive veiacities.

Application

Piversions are used where:

1. Runoff from higher areas is or has potential for damaging properiy,
causing erosion, ¢r interfering with or preventing the establishment of

vegetation on lower areas.

2. The length of slopes needs Lo be reduced so that soil loss will be
reduced to a minimum,

Diversions are only applicabie below stabilized or protected areas. Avoid
establishment on slopes greater than 15 percent.

Design Criteria
The design procedures for trapezoidal channeis are provided in Section 7.

Diversion location shall be determined by considering outiet
conditions, topography, land use, so0il type, length of slope, and the
layout of the proposed development.

Lapacity
The constructed diversion shall have capacity lo carry, as a minimum,

the peak discharge from a 10-year frequency rainfail event with
freeboard of nol less than 1 Toot.
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Diversions designed to protect homes, schools, industrial buildings,

roads, parking tots, and comparabie high risk areas, and those designed

to function in connection with other structures, shall have sufficient

capacity to carry peak runoff expected from a storm frequency:
consistent with the hazard involved.

Velocity and Grade

The permissible velocity for the specified method of stabilization will
determine the maximum grade. Maximum permissible velocities of flow
for the stated conditions of stabilization are shown in Table 7-3,
Maximum Permissible Design Velocities.

Cross Section

The diversion channel shall be parabolic or trapezoidal in shape.

The diversion shall be designed to have stable side slopes. The side
slopes shall not be steeper than 2:1 and shall be flat enough to ensure
ease of maintenance of the structure and its protective vegetative
cover,

The ridge shall have a minimum width of 4 feet at the design water-
surface elevation, a minimum of 1 foot of freeboard, and a reasonable
settiement factor shall be provided.

Qutlets

Lach diversion shall have a stable outlet. The outlet may be a
constructed or natural waterway, a stabilized open channel, grade
stabilization structure, etc. In all cases, the outlet must discharge
in such a manner as not to cause erosion. Outlets shali be constructed
and stabilized prior to the operation of the diversion.

Grassed Waterway

Definition

A natural or man-made drainageway of parabolic or trapezoidal cross section
that is below adjacent ground level and is stablized by suitable vegetation.
the flow s normally wide and shallow, and conveys the runoff down the
slope.

Purpose

The purpose of a grassed waterway is to convey runoff without causing damage
by erosion.

Application
Grassed waterways are used where added channel capacity or stabilization is
required to control erosion resulting from concentrated runoff and where

such control can be achieved by this practice along or in combination with
others.
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Design Criteria

Capacity

The minimum capacity shall be that required to confine the peak rate of
runoff expected from a 10-year frequency rainfall event or a higher
frequency corresponding to the hazard involved. This requirement for
confinement may he waived on slopes of less than 1 percent where out-
of-bank flow will not cause erosion or property damage.

Where there is base flow, 1t shall be handled by a subsurface drain or
a concrete, stone, or gabion matiress-lined Tow-flow channel. The
capacity of the subsurface drain or low-flow channel shall be 5 percent
of the design peak flow or as determined by actual measurement of the
maximum base flow.

The design procedure for trapezoidal channels is provided in Section 7.
Velocity

Maximum permissibie velocities of flow for the stated conditions of
stabilization are shown in Table 7-3, Maximum Permissible Design
Velocities,

Cross Section

The design water-surface elevation of a waterway downstream of
diversions or other tributary channels shall be equal to or less than
the design water-surface elevation in the diversion or other tributary
channels.

Waterways shall have a minimum fopwidth of 15 feet and a minimum bottom
width of 10 feet,

Qutlets
Fach waterway shail have a stable outlet. The outlet may be another
waterway, a stabilized open channel, grade stabilization structure,
etc.

In all cases, the outiet must discharge in such a manner as not to
cause erasion. Qutlets shall be constructed and stabilized pricr to
the operation of The waterway.

Drainage

Subsurface drainage measures shall be provided for sites having high
water tables or seepage problems, except where water-tolerant
vegetation such as reed canarygrass can be used.

Where there is base flow, a subsurface drain or concrete Tow-flow
channel shall be reguired.



Level Spreader
Definition

An putlet constructed at zero grade across the siope, whereby concentrated
runoff may be discharged at nonerosive velocities onto undisturbed areas
stablized by existing vegetation,

Purpose

The purpose of the tevel spreader is to convert a concentrated fiow of
sediment-free runoff (e.g., diversion outlels) into sheet flow and to
discharge it into areas stabilized by existing vegetation without causing
erosion,

Application

The level spreader is used only in those situations where the spreader can
be constructed on undisturbed soil, where the area directiy below the level
1ip is stabilized by existing vegetation, where the drainage area above the
spreader is stabilized by existing vegetation, and where the water will not
be reconcentrated immediately below the point of discharge.

PDesign Criteria

The design criteria for ‘tevel spreader shail be a maximum of 1 cfs per foot
of length based on the peak flowrate from a 10-year frequency rainfall
event.

For  situations exceeding this c¢riteria, see Standards for Grade
Stabilization Structure, Grassed Waterway, etc.

Final discharge will be over the Tevel Tip, protected with fiberglass
matting erosion stops and jute or excelsior protective material, to an
existing stabilized area. The stabilized area shall have a complete
vegetative cover sufficiently established to be erosion resistant.

Riprap

definition

A layer of loose rock or aggregate placed over an erodible soil surface.

Purpose

The purpose of riprap is to protect the soil surface from the erosive forces
of waler.

Application
This practice appties to soil-water interfaces where the soil conditions,
water turbulence and velocity, expected vegetative cover, and groundwater

conditions are such that the soil may erode under the design fiow
conditions. Riprap may be used, as appropriate, at such places as storm
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drain outlets, channei banks and/or bottoms, roadside ditches, drop
structures, and shorelines.

Design Criteria

The wminimum design discharge for channels and ditches shall be the peak
discharge from a 10-year frequency vrainfall event. The roughness
coefficient, n, to be used for determining flow on the constructed riprap
surface shalt be equal to 0.022. See paragraph 8.30 for further design
criteria.

lLand Grading
Definition

Reshaping of the existing topography in accordance with a plan as determined
by engineering survey and layoutl.

Purpose

The purpose of land grading is to provide for erosion control and vegetative
estabiishment on those areas where the existing topography is to be reshaped
by grading according to plan.

Design Criteria

The grading plan should be based upon the incorporation of building designs
and street layouts that fit and utilize existing topography and desirable
natural surroundings to avoid extreme grade modifications. Information
submitted witl  provide sufficient  topographic  surveys and  s¢il
investigations to determine Timitations thal must be imposed on the grading
operation related to slope stability, effect on adjacent properties and
drainage patterns, and measures for drainage, and vegetative treatment,

The plan must show existing and preoposed contours of the areas Lo be graded.
The plan  shall aiso  include practices for erosion control, slope
stabilization, safe disposal of runoff waler, and drainage, such as
waterways, tined ditches, reverse slope benches (inciude grade and cross
section), grade stabilization structures, retaining walls, and surface and
subsurface drains. The plan shall atso inciude scheduling and phasing of
these practices. The following shall be incorporated into the plan:

1. Provisions shall be made to safely conducl surface runoff to storm
drains, protected outlets, or to stable water courses lto ensure that
syrface runoff wilt not damage slopes or other graded areas. {See
Standards for Grassed Waterway, BDiversion, and Grade Stabilization
Structure.)

2. LCut-and-fill sTopes shall not he steeper than 2:1. Where the slope is
to be mowed, the siope shall be no steeper than 3:1 {4:1 is preferred
because of safety factors related to mowing steep stopes).

3. Reverse slope benches ar diversions shall be provided whenever the
vertical interval (height) of any 2:1 through 5:1 slope exceeds 15
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feet. Benches shall be Tlocated so as to divide the slope face as
eqgualiy as possibie and shall convey the water to a stable outlet.
Soils, seeps, vrock outcrops, etc., shall also be taken into
consideration when designing benches.

a. Benches shall be wide enough to accommodate the construction
equipment in use and provide for ease of maintenance.

b.  Benches shall bhe designed with a reverse slope of 5:1 or flatter
to the toe of the upper sliope and with a minimum of 1 foot in
depth. Bench gradient to the outlet shall be between 1 and 2
percent,

c. The flow length within a bench shall not exceed 800 feet unless
accompanied by appropriate design and computations. (See
Standards for Diversion.)

Surface water shall be diverted from the face of &ll cut and fill
slopes by the use of diversions, ditches, and swales, or conveyed
downslope by the use of a designed structure, except where:

a. The length of overland flow, in feet, to the crest of the slope
shall not exceed the distance "A" given in the following diagram
for any combination of side slopes and vertical intervals;

b. The face of the slope is or shall be stabilized and the face of
ail graded slopes shalil be protected from surface runoff until
they are stabilized; and,

c. The face of the slope shall not be subjected to any concentrated
flows of surface water from natural drainageways, graded swales,
downspouts, etc.

The maximun total horizontal overland fiow and slope distance (B) shall
not exceed 15 times the side slope (X) of the cut or fill slope.
Maximum allowable overland flow distance, in feet, to the top of the
slope with no diversion of surface water w111 be determ1ned by use of
the formula A = X{(15 - Y), where:

A

i

maximum overtand flow distance, in feet, to slope crest;
B = maximum horizontal distance, in feet (shall not exceed 15X);

X = side slope, or the horizontal distance in feet to 1 foot
vertical; and

Y = vertical interval, or the height of cut or fill slope in feet

measured vertically from bottom elevation of slope to slope
crest,
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B(@dx} = 15(X)

Slopel A = X({15-V)
distance overland flow distance

TYPICAL SECTION OF A4 SLOPE

FIGURE 11-4

Example: Determine the maximum allowable overtand flow distance, A,
for a 3:1 side slope with a vertical interval of 7 feet.

Given: =3: Y =7
A= (lJ - Y)

A= 3(15 -~ 7)

A = 24 feet

If maximum allowahle overland flow is exceeded, surface water shall be
diverted from the slope face and carried to a stable outlet, or
conveyed downslope with a designed structure.

Serrated cut slopes shall be constructed so as to faciiitate long-
lasting vegetative stabilization. These serralions shall be made in
rippable rock with conventional equipment as the excavation is made.
FEach step or serrate shall be consiructed on the contour and will have
steps cut at nominal 2-foot intervals with nominal 3-fool horizontal
shelves. These steps will vary depending on the siope ratio of the cut
slope. The normal slope Tine is 1.5:1. These steps will weather and
act to hold moisture, lime, fertilizer, and seed, and to produce a much
quicker and Tlonger-lived vegetative cover and slope stabilizalion.
Overland flow shall be diverted from the top of all serrated cut siopes
and carried to a suitable outlet.
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FIGURE 11-5

6.  Subsurface drainage shall be provided where necessary to intercepi
seepage thal would otherwise adversely affect slope stability or create
excessively wet site conditions that would hinder or prohibit
vegetative establishment.

/. Slopes shall not be created so close to properiy iines as to endanger
adjoining properties without adequately protecting such properties
against erosion, slippage, settlement, subsidence, or other related
damages.

8.  Material for earth fills shall he obtained from designated areas,
Except for approved landfills, the i1l material shall be free of
brush, rubbish, rocks, logs, stumps, building debris, and other
objectionable material that would interfere with or prevent
construction of satisfactory fitis. It should be free of stones over 2
tnches in diameter where compacted by hand or mechanical tampers, or
over 6 inches in diameter where compacted by rollers or other
equipment. Frozen material shall not be placed in the fill nor shall
the fi11 material be placed on a frozen foundation.

9. Stockpiies, borrow areas, and spoil areas shall be shown on the plans
and shall be subject to the provisions of this Standard.
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Section 12
Design Examples
12.10 General
17.20 Street Drainage
autter Fiow
Minor Storm
Major Storm
12.30 Inlet Design
Inlets on a {ontinuous Grade
Curb-Qpening Inlet
Grate Inlet
Inlet Spacing
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Section 12
Design Examples

The following examples represent a simplified version of a typical
Subdivision Drainage Design. The examples are intended to demonstrate the
specific design method presented in Sections 2 through 11. These examples
also show the interrelationship between the various methods in design
applications. For a detailed discussion of these methods, consult the
appropriate sections of this manual and their respective bibliographies.

12.10 General

A developer owns 300 acres which he intends to develop in segments over the
next 10 years. The first area to be developed wilt be a 30 acre tract
containing 20 acres of single family residential Tots of approximately
11,250 square feet and a 10 acre shopping center.

Due to limited resources, the developer intends to use stormwater management
techniques to 1imit runoff and minimize his overall expenditures for
drainage facilities.

Figure 12-1 shows the drainage basin, the proposed development, and drainage
facilities, The drainage plan utilizes a detention pond to reduce the peak
runoff from the majority of the basin, thus reducing the size of ‘required
trunk sewer through the proposed development. The proposed shopping center
will utilize parking lot detention and roof storage to reduce peak runoff.

Figure 12-2 shows the proposed residential development layout, with
appropriate dimensions and design street grades.
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(5iven ?Nﬂjchqe/s Road ﬁmﬁ%er Tf/dh/ 55crs /\7@‘71(7

n-0.0/b
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/ /07{% 71/7(’;4 Sfj,‘/cifs

Q-;U B (pf ’0_
= 5,5-34
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A Capd(;/*/)/ of [LV")/%’”)jrm[a inlet

O:i‘OPd"S (Egn Y-2)
7 3
§:- 3.0 (2£47) (0.3))

O,- 1t cds >4/ ks ok



Project Computed

£
Subject Date Sht) /‘-‘Df

oot oy
/ C—a?oc?cfrz)/ of curb operine nlet W R g- 2"
W‘y 8" inkt
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t gt - 552900 || £)out -5525.29 | craut- 55264 || Zouk 551807
Ny .
= >l
S 2%
Bl w |
s} e ~$
Tf)1 o ™y
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160 0.663 338 1.27 |.05
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0. 994
].000

2 Feom Fle. -4

S For eawFaLL

0F 5.1

4.9/
4.6
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7) Unit /ly&(mjm]ﬂA Construction
é/sg‘ng e valyes of £ and 3/5]0 in Table 2-8 o
and “the Computed valug of TP and 0 (7;3~ A Smn g J280 s i
5 menute Unit by drograph

¢ +
/Tf’ fin) %’ m‘@ﬁ

0.0 0 0.00 0

O 3 0.03 39

0.2 5 0./0 128
0.3 A 0./9 Y3
0Y /0 0.3/ 397
0.5 /3 047 LoO2
0.4 /5 066 §45
07 /8 0§2 /050
0.8 20 093 /90
09 23 099 /367
10 25 / 00 /250
// X 0.99 267
/.2 30 0,93 /190
L3 33 0.9 )10/
W 35 0.7 994
[5 38 068 §70
/b Y0 0.56 717
/7 43 0. %6 589
8 45 0.39 ¥99
19 2 0 33 Y22
20 50 0.2 358
L2 55 0. 207 265
24 ¢ 0 a.147 /88
46 65 0./07 137
29 70 0.077 79
30 75 0.055 70
32 g0 0.040 51
34 95 0,029 37
36 q0 0.02/ J7
38 - 95 0,015 19
4o /00 0.0/] /¢

%5 /13 0.005 A



7
ELY:
TN

A

WA

nys4 - 264V

. - - Do Iira OO HISET B T22I03M TP, ! , B
/ £ 0281 9% { wan AT QLERSSRE RN T



:Proiact

Computed

Deate Sht.}ﬂ?'—?&f

Subject

0) 77/6 om/% hd@ﬁm/; ordirates  are mz/ in 1o

minufe ntérvats

Tiriie {min) j%_( s /i)
0 70

/0 397
20 1140
30 1190
40 77
5. 358
00 /98
70 99
o t

0 47
J00 /
o, /0
120 2

A direct runobt Hable is generated Jusina the ynit
h\/dsf()ﬂraph orcinates. A rymoff /\ydro rap K vesy Hed
with a@eak. dlic}\ai e of B8Y3'cTs a% 210 mnutes.

The com wﬁr \O{Y raph resu/%wf ina peqk discharae
of 880c s ot Q«O%’?ﬁmu 1es. P J
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From

Date

O HYBROGRAFM GENERATION USTNG 75087 METHOU fok

WRTERSHET NAMET KENTLO

CURVE NUMBRER = 74

WATERGHED AREA= 1.410 380, MILES
LENGTH QF THE MAIN CHaNNEL= 10243 FEET
SLOFE OF THE WATERSHED= 2,10 FERCENT
IMFERVIOUS AREM= 3%.80 FPERCENT -
HYDRAULTC LENGTH MODIFIED= Q00 FERCENT
STORM RETURN FERION= 10 YEARS

LAG TIME=  0.3777 HOURS

TIME TO PEAMKE 0.4197 HOURS

UNTTY HYDROGRAFH PEAK=  L1280.10 CFS5/1N
UNIT HYDROQGEAFH DURATION= 0. 0839 MRS
TIME RasSE OF UNIT GRAFH= 2.0984 HOURS

KoK MUNGFF FARAMETERS ook

TIME T0O FEARK= 205.00 MIN

PEAK DISCHARGE=  B80.40 CF4

RUNOFF VYDLUME=  276.56 ACRE~-FT
o LR ITNCHES

AORRUNOFE MY TROGERAR Kk

TIME MY OROGRMARM
Q V.00

10 000

20 Q.00

2%0 443, 48
240 528,23
D0 D4, 58
ﬁg 0,00 240 196, 0%
o g‘gg 270 167, 0%
Ty 0. 290 142,80
o 0,00 D90 115,28
a0 Q.00 300 105, 47
¢ Q400 e N
(?0 o Oo \3.}.0 114\3-§;\f.-/

¢ 320 ‘ 11%.01

100 ) 3
11.0 8 gg 330 110,45
' 340 103,01

120 000 e

130 0,00 250 Al
140 0400 260 e 9
150 0. 00 ff” 4.
. , 380 49,17
140 0. 47 S0 ey
179 7,99 o A
160 101,12 o e
190 539 26 ot MY
200 a57.,70 420 st
210 833,09

"~y e : oy g
220 HAG 95



)2-3/

To From

Subject Date

O HYDROQGRAPH GEMERATION USETNG < S087° METHOD ok

WATERSHED NaMED 10DYR

CURME NUMBER = 79

WATERSHED ARE A= 101010 &0, MILES

LENGTH OF THE MaTN CHAMMEL= 10243 FEETY
BLOFE OF THE WATERBHED= 2,10 FERCENT
TMPERVIOUES aREas 35,80 PERCENT

HYLRAULTC LENGTH MODITFTED: Q.00 FERCENT
STORM RETURN PERIOE LOO YEARS

el TIME=  0.3777 HOURS

TIME TO FEAR= G, 4197 HOURE

UNTT MYOROGEAFH PEAR= 1380.10 CFS/IM
UNTT HYDROGRAFH TLHRAT LON:= 0.0837 HRE
TIME BASE OF UNIT GRAPH= 22,0984 HOURS

Gk RUNOFF PARAMETERS ok

TIME TO FEAK= 200,00 MIN

FEAK DIHCHARGE= 1895.81 CFS

RUNOFF VOLUME= 154,99 ACRE-
= 2,62 ITNCHES

KARUNOFE HY RO GRAF H KK

TIME HY IR OGRAFH

0 0,00 A0 B8R, 8y
10 0.00 240 H10 .47
20 0,00 260 AL 04
30 0,00 2E0 KAD AN
40) 000 270 294,21
50 0. 00 D0 PE QR
a0 0,00 290 208,77
70 0,00 EO0 1Ré .21
80 000 F10 198,79
$0 0. 00 320 206,12
00 0,00 330 198,11
10 0.00 340 L7e,
20 0,00 50 154 68
30 0,17 AAO 137, 0%
40 2,74 370 119.87

Z-—' :——-‘ Z—" —

luO 1w, 0 380 a7 . E%8
140 R, 290 A
L0 024l 400 2L N8

180 FA2.8Y 410 1.2
190 1283, 20 420 4+ 48
200 1H4R .10 4350 166
210 170,59
D0 1267 .,54



Project Computed

Sub ject bate

sht. [2-32¢f

De‘fen‘f'ion Ba,s m Optlet

EL 5529 Topof dam

EL 5524 Spillway crest

////(l EL55/7
‘s’ i

/ Frincipal outlet~ 54" CHP
n-0.013 JE=55/8
Weir length =300’
2. Emer‘gency Sp'//way'.
h=lal JE-5524
73
n:004 Tab/’f 7-2 ;poor/] mawdamned
We(r ’mg‘#l‘ [00 g rgss c/mnnf/

3 5%03@ ~57‘oraﬂe data
A
El (ftmsl) _Area fac) ﬁlr% (ac)  Deplh(f)  Vollg, 1))

55(8 /

/5 " 3
5520

55 2 7
5522 5

/5 2 /5
5524 JO

)5 2 30
553 R0

356 2 70

5538 50

Cum

Vojume (a4

/0

A5

55
/45



" Project Computed

*  Subject Date Sht. [2-33 of

CompHcr{ eﬁ;m/m% surface area Cqfeyfoted
aq

by tia error for X
Y2 gaw +/Bw? - Vol(#3500)
w
X= Fopwidth Vol- cum Volume at depth(w) qcft

W=d€p+h
SA-X* /435460 = (ac)
Volume ot ] # Should Corfsromg( Jo 125 ge-T4

The /ﬂﬂymr a/fsgﬁd@e (708 ¢ts) s less han
/0}/543(‘ /\y/{\‘dji’ap/’l Lqu/{— 710 /f:f?pr‘dwmr’m[f [«930(7%),



J2-34

¥k RETREEVED HYDROGRAFH DIAM10

SROUTING THROUGH RESERVOIR ok

& RESERVOIR FARAMETERS KX

SURFACE aREA OF RESERVOLR= 12.80 aC,

BEFTH OF RESERVOIR = 12.90 FT.

YOLUME OF STORAGE IN RESERVOIR = 148,89 AC-FT.
VOLUME QF INFLOW = 7432 AC-FT.

¥k RESERVOLR GCUNTROL STRUCTURES Kok

KEFARAMETERS FOR SUBRMERGED ORIFICE ¥k
HETGHT OF FIFE AROVE BOTTOM OF FONI= 0,00 FT.
BIAMETER OF FIFE = 4,90 FT.
NMUMBER OF FIPES= 1
XX FPARAMETERS FOR WETR XX
HETIGHT OF WEIR AROVE ROTTOM OF FOND= 400 FT.
LENGTH OF WEIR = 100.00 FT.
ok PARAMETERS FOR WEIR kX
HETGHT OF WELIR AROWME BOTYTOM OF FOND=  11.00 FT.
LENGTH OF WEIR = 300,00 FT.
ORI ROR KRR R OIOIK oKk ciok Rolololloleiok
STAGE STORAGE DISCHARGE CURVE
aTAGE HTORAGE HISCHARGE
FT. 0T CFS
Q.00 (000 Q.00
Ol Gota7 16.+41
Led9 13.42 32,83
1.94 2025 49.24
2.58 27415 6% &Y
Be23 34.14 82.07
3,87 41.20 28,48
4,53 48 .39 Lid4.8%9
Teld ST 130,23
.81 H2. 89 183,94
G4 70,328 231 .93
7.10 YRS 454, 4%
YEYE! 5.3 U2, 68
8.3y P2.96 1109.,90
G.03 100469 191730
.68 108.50 1969.29
10.32 114,46 2461 .61
10.97 Laa, 39 FFL. 16
L1611 132 .47 IPL2.T76
12,34 L4044 H206. 846

HYDROGRAFH THENTIFICATIONS

TIME T0O FEMAKs 290,00 MING .,
FEAK DISCHARGE = 11%9.40 CHE.
PEAR STORAGE:= Q. A7 AC-FT.
FEAK 8TaAGE:= 4.70 FTe



DAMIo

K

T(lﬂN‘:)

O
10
20
30
40
a0
&HO
70
20
S0

100
110
120
1350
140
150
1&0
170
1430
190
200
210
229
230
240
250
260
270
280
290
Z00
310
320
330
340
350

- 360

370
380
370
400
410
A0
430
440
450
44O
470
440
490
101¢]
510
S0
G930
H40

TN I OWCCH!

0 00
« )
OeOO
QG0
0.00
0.00
Q.00
0,00
0.00
000
3. 00
.00
0.0
0,00
0.0
0,00
O+47
788
101.12
93,2
gE7.70
833,09
H44H. P20
4463, 448
328,23
243,84
196,040
147 0%
142,30
115.88
105,47
LLa.az
11%.01
110.4%
103,01
P4, 46
G2.70
H7.72
49 .13
28,22
13.80
Ge 7Y
2037
0.8
0.31
0+10
Q.03
0.+01
0.00
0.+.00
Q.00
0.+ 00
0.00
0,00
0,00

)

INFLOW/QUTFLOW HYDROGRAFH 20X

QUYFLOWLCES
0.0D
0,00
.00
000
0. 00
0.00
0. 00
Q.00
0.00
Q.00
Q.00
0,00
0.00
000
Q.00
0,00
0.00
Q.11
181
1170

39410
41.92
83.64
PR,.39
107,55
113,01
1ilé6.18
118.04
119.10
119.40
119.10
118.80
118.64
118,350
118.14
117.61
114,78
115,462
113.94
11138
108,75
105,66
102.49
99,30
Gh 25
QF22
0. 2%
87.44
84,469
82.02
FR.41
T, 88
74,43

6977

WIWLY) 000 B G
HA0 0. 00 AT 39
SF0 0+ 00 529
RO Q.00 Al 26
TR0 000 SRL2T
&G0 Q.60 SP AT
410 Q.00 4;t'|7
G0 (.00 UELFD
&30 0.00 w20
4540 0L00 B L R2
HE0 Q.00 483,70
&a0 0. 00 47411
570 Q.00 45,58
&HEB0 0.00 44,09
&0 Q.00 ‘3:‘.’.("."\5
700 Q.00 4] s 27
710 0,00 AT
S0 0.G0 Ag.62
F30 0,00 I7 R4
740 0,00 A1
750 Q.00 34,97
740 0.00 33.83
770 0.00 F24T3
R0 0.00 30 &5
790 0,00 S0 61
800 Q.00 a0 A0
g1 0.00 28.462
820 0.00 27068
830 000 DELTT
840 Q.00 LTI
u50 GO0 2EL03
240 0,00 A,
870 0.+00 23.4)
auo QW00 A a4
gy0 0,00 21,89
200 0.00 e
10 Q.00 20,48
Q20 0,00 19.80
P30 0,00 19015
P40 Q.00 18.52
250 Q.00 17491
L0 Q.00 17432
Q70 Q00 14.7%
280 0.0G0 la,19
OO0 0+00 15.46%
1000 0.0 15,13
1oL 0.00 14,43
1020 0.00 14.14
1030 Q.+00 L3.&7
19040 0400 13.21
1050 0.+00 1277
LO&G (.00 12,35
1O70 0.00 11,94
1080 0.0Q 11,54
1090 0.00 N
LLOO 3.00 1078
1110 0.00 10,42
1120 Q.00 10.08




gk RETRIEVED MYDRGGRARH 100YRH

AOKROUTING THROUGH RESGERVILIR KX

ok RESERVOIR FARAMETERS i

SURFACE ARl OF RESERVO LT 12.80 A,

CEFTH OF RESERVOIR = 12,90 FT.

VOLUME OF STORAGE TN RESERVOIR = 148.8% AC-FT.
VOLUME OF INFLOW = 154,51 AC-FT.

/2-36

WARNING Y TOTAL INFLOW VOLUME EXCEEDS RESERVOIR DESIGN CaAPACITY

O RESERVOIR CONTROL STRUCTURES X

KAFARAMETERS FOR SUBRMERGED ORIFICE 30k
HELTGHT OF FIFE AROVE ROTTOM OF POND=  0.Q0 FT.
OTAMETER OF FIFE = 4,530 FT.
MUMBER OF RPIFES= 1
X FPARAMETERS FOR WEIR KX
HETGHT OF WEITR ARQVE BOTTOM OQF FONI H.00 FT.
LENGTH OF WEITR = 100,00 FT,
i FARAMETERS FOR WEIR %X
HEIGHT OF WEIR ARQVE ROTTOM OF FOND=  11.00 FT,.
LENGTH OF WEIR = 300.00 FT.
IR OISR SRR ORI SORIOCRRIOR R OO
STAGE STORAGE DISCHARGE CURVE

S5TH6E STORAGE DISCHARGE

FT. AT CFg

0.00 0,00 Q.00

0.63 G &7 l6.41

1.39 13542 A2.83

.94 20,29 45,24

2608 27.1% IR tal

F.23 34.14 82,07

3.87 4120 78 .48

4,052 48 .35 114.89

Yeld 08.58 130,33

Gedl o289 L4394

&4 40 70,28 231094

7.10 PI7E 454,49

774 8.5 754,68

8,39 Y296 1104.90

?.03 100.69 1517, 3%

9,68 108,50 1946929

10,32 11440 2441,61

10.97 12439 299116

11.61 133247 A9L2.76

12.26 14054 H20H. 86

HYIHOGRAFH TUENTIFICATIONS
TIME TO FEAKs 23,00 MING.
FEAK DISCHARGE: 707,69 CFS.
FEAK STORAGE:s BALLT AE-FT.
FEAK S§TAGE: o4 FT.



100 YR

ok INFLOWSQUTFILOW HYDROGRAFH XX

TCMINGY INFLOW(DFS) DUTFLOW(CES) - 0,00 D307
[ e 4vet vy e e 4o e 2o 1o st e e e 400 A0 ATY SERE S0 Y 7410 0w 7 2720 5 ) 5,00 G0y, 1

0 (.00 0,00 5 0400 8730
O 000 0400 580 0,00 {4, %
0 0.00 0400 590 0.00 g1.89
30 0,00 0.00 H00 0,00 PRI
40 0,00 Q.00 410 0,00 Th T
1 0400 0,00 &R0 0,00 T4, EL
&0 0.00 0.00 B30 0,00 P94
70 0.00 Q.00 H40 000 AR L6
B8O 0400 0.00 AEO 000 6T+ A
20 0. 00 0,00 560 0,00 G, B
100 0.00 0.00 670 0,00 G318
110 Q.00 0.00 480 0.00 Al 14
1320 0.00 : 0.00 690 0,00 591
130 017 0.00 200 0,00 N, 37
140 2+ 74 Q.04 F10 0,00 s A
150 12,85 028 0 0.00 53 64
160 33.99 1.02 730 0. 00 B
170 82,41 2.83 240 0,00 50, 24
180 332,85 #8.78 150 0,00 AR 61
190 1253.21 34,00 FHO 0.00 A7, 03
200 1848.10 B4.38 970 0,00 45,50
210 1722,59 136.0% 280 0,00 44,00
220 1287 .54 406 .79 T 0,00 40,58
230 a8g.8s G744 200 0,00 41,920
240 618,47 700, 64 510 0,00 A9, 85
250 451,54 626,45 Gy 0,00 T
250 AGL.51 B2t 76 a0 0,00 VT
270 296.21 443 .32 R40 0.00 36, 08
280 2ET L 0D ART .22 a50 0,00 34,01
290 208,77 334,82 860 0,00 FEL T
300 186.21 PB7.26 Q70 a,00 32 A7
310 198.79 NG e R A80 0,00 31,59
320 206,12 237,73 2960 0,00 B0 RS
330 198.11 FAT 40 9200 0,00 ,9'rm
340 178,51 223,21 910 0,00 Qg
350 154 . 68 214,59 G0 0.00 2 LA
3460 137,03 204,12 930 O, 00 D4 A0
370 119.87 192,74 940 0.00 e o
380 87.08 179 .35 P50 0,00 24,99
390 51051 162,63 960 0,00 Y
400 25,58 143,90 970 0.00 03,
410 11.21 140,468 P00 0,00 L A0
420 4,48 137.28 P90 0.00 21 .84
430 1.66 133.86 1000 0.00 91,14
440 C. 58 130,47 1910 0,00 90, 44
450 0,19 124678 1000 0,00 1o,
4460 Q.06 123,10 1030 0,00 1.1
470 0. 01 119056 1040 0,00 LR AT
480 0.00 116412 1050 0,00 17,88
490 0.00 1124460 1040 0.00 17,09
SO0 0.00 109.09 1070 0,00 S WA
510 000 105,69 1080 0.00 16,416
L0 0.00 102,40 1090 0,00 15,63
G930 000 ?9.21 1100 0.00 15,11

340 0.00 94410




- Project Computed

" subject Date sht./2-38 of

12.60  Open c,/mnne/a’esign

DeSr'gn a -trapezoidal chamel o convey a a/rlsc/!age
from” a detemtion cell,

Given: C\)wo 30| os (}\y,om% edical dlkc/:frar e)
Channel s/ope = 0.9% or 0.007‘5’—/1&17
Side Slapes = 3 horizontal 4o [ vertrcal (2%3)

/:mdf Dimensions @7[ “}“f'é?pf zoida/ c,/?d/ma/ 710
Convey |00 y ear a/rlrc/va(ye, From cell.

) 5= 0009 H/H -
n=0036 -from Table 7-2 for well-mamianed
grass channel

Qn= 301 (0.03)= 90
2. From Figure 7-1 Find bottom width for channe!
Such $hat Wil=b
S dwE 07

g Try Wrastt T
}/ﬂ(/w-' 0.068

A~ 4 ()
= 0.068(35): ) 70 ¥+

4 Check Mmmngk Ef%av‘?an

AN
\ i /fr . ré._.oéoqs%

Y.




Pro ject Computed

Sub ject Date sht./l2-390f
Ny %t
@ - 127 pRPS7”
A- by t Zyz
P: b+ ;Zjﬁfz—l
/3
nQ A% (byrgy?)”
795" B (Geag i)
003300, - (38 - (asy+3,9%
7(0.009)" (25 7240143)"
Trial and error Sofutron
V- /4? s R-A. byteq® _ 250/e8)<3/¢D)”
RAst Poobtayliegs .:eg'thKZéW/&
“L49 ()142)"5(0009)" Rel42ft

V= 594 “Fg,s (oK)
5 M;mmum freeboard = [ T+

1 Use O(u.g’/
b-25

73
S=0009F/f+




Project Computed

Sub ject Date sht.[2-40 o¢

/2, 70 g\lgcfmﬁ?er @egzﬁn 57 Hhe SCS hydr03rap/z

rE)L ma or 7me< Sewoer wil )oe &urrfﬂ( asa
res i o“F ‘Hns project 5/;46@ dramnaae

areq exceeds o&Oé Qcres Me Scs h ro ra
procedure will be used s a/evlermme runat 7‘?

e h e N
ﬂ [ﬂ“f ”At _4//n/e,‘/ ”Bk ‘ﬁ_/?;/‘d_ Hew /
N 3300 % 3300 = /
N 04a% N 0.5% ~ !
A ~ S, _ /
S —~— —_— \ \ o —/"'7
D el —
Basim Characteristics
l'/4 i !‘B (fm f'c e
Area Jo0ac 150q¢ /50ac
Ljnﬁ#l 05557}77 O/a37m O b 8;;;
S/o o0 20 Yo
bl (0% L0709
CN 7b 76 76

/ Deve/alg /0 }/faf {,L/7L(fﬂa7/e Jﬁlﬁfa rap}!
for each qu basin (See Computer run for
disch arges)

2 Sise pipe from C" 40"B"

Grade - 0.005 FAT
n- 0013 (Sf”!"oo N conerete pfpe)
@I0c - 310cs

78”@ KCPJ C.,Cfpélcry'y 370 fs



Project Computed

snt. [2-4/ or

Sub ject Date

3 Add Area B hydrograph
Q- 5%!7%3 g
+B
Y Size pipe from "B ot
Grade = 0. 002144

n= 0013 (Rch)
Q10,,, - 590t

/4" & RCP ) capacrly 645 cts

5. Add drea 'L hyd#’oarap}w
Ql@a%m . 750cts

6 Sive )D'&P‘ﬂ belsw “AH

Sewer afade =0.002 HH+
W0, 0/3

@.'oa%b-mf 7‘50 fs
/32/‘ (b P.’P@ )' CdiOCZC":'L/ ?55[C'f$
Cdpacf/}’ Mannra ﬂqi" £ j;aa/fm

./ g Jo . 74 V2
q _“_;Z JR%ST /ff@)(igﬂjﬁ(s)/

@:afq% N | From Fig 57453 g ratio

Check VC/OCHLy fuble G-/ for pff/mfj/é/e
Ve /ocry7es




j2-42

ok HYDROQGRAFH GENERATION USING /58087 METHOI k%

WATERSHEL NaMED A-AREA

CURVE NUMBEER = 74

WATERSHED AREA= 0,140 0. MILES

LENGTH OF THE MATN OHANNEL= 2900 FEET
SLOFE OF THE WATERSHEI=  L.50 PERCENT
IMFERVIOUS AREA= 40,00 FERCENT

HYORAULIC LENGTH MODIFIED= 0,00 PERCENT
STORM RETURN FERICD= 100 YEARS

LAl TIME=  0.1629 MOURS

TIME TO FPREAK= 0,1810 HOURS

UNIT HYDROGRAFH PEAR= 427.91 CFS5/IN
UNIT HYDROGRAFH DURATION= 00362 HRG
TIME HAGE OF UNIT GRAFH= 0.9049 HOURS

K RUNOFF FARAMETERS Rk

TIME TO FEAR= 190,00 MIN

FEAK DISCHARGE= 217.%5% CFS

RUNOFF VOLUME=  11.04 ACRE~FT
= L.32% INCHES

HARUNGFF HYTHROGRAFH K

TIME HYLROGRAPH
0 0.00 190 217058
10 0.00 200 121,27
20 0.00 210 A2, 42
30 0,00 R AT 43
40 0.00 2% 30,68
50 000 D40 24,75
60 0000 250 23, 84
706 .00 DAQ 21.73
80 Q.00 TR0 18,75
AV 0.00 200 14.00
100 0.00 290 L1.046
110 : 0.00 300 17.98
120 0.00 310 17,44
130 Q.00 300 15,79
140 0. 00 330 13,83
1450 000 340 13.34
160 057 350 10.6%
170 749 360 9,01
180 88.30 10 548
380 Lel2

STORING AAREA HYIROGRAFH ON DTSR,



o HYDROGRAFH GENERATTON USING

WATERSHED NaME B-AREA

CURVE NUMBER =

WATERSHET ARE M 0230 1
MATN CHANNEL =

WATERSHET=

60,00 FERCENT

0,00 FERCENT

100 YEARSL

LENGTH OF THE
SLOFE OF THE

IMPFERVICUE ARE A
HYDORAULIC LENGTH MOLIFIED==
STORM RETURN FERIOQD=

7

Lali TIME= 0.16846 HOURS

TIME TO PEARKs

0.1874 HOURS
994,09 CFS/IN

UNIT HYDROGRAPMH FEARK=

UNIT HYDROGRARFH DURATION=
UNIT GRAFH=

TIME RAGSE OF

K RUNOFF FARAMETERS

TIME T8 PEAKs

FEAK DISCHARGE=
RUNOFE VO UME=

190.00 MIN

HKARUNOFE  HYTIROGRAP K

TIME
0
i0
20
30
40
30
&0
70
30
O
100
110
120
130
140
150
160
170
180
190
200
210

HYDROGRAFH
0.+00
0.0
0,00
0.00
0. 00
0.00
0. 00
0.00
Q.00
0.+00
0.00
0.00
0,00
0.00
Q.00
Q.00
0 7

10.03
118.80
308,41
179.94

P33 L6

v a4
Ry

MOKRK

308.41 CFS
1586 ACRE-FT
1.2% INCHES

12 -43

METHOIN ®Xk

3590 FEET
2,00 FERCENMT

GL.0374 MRS
3. 9369 HOURS

220 62,14
230 A7 .88
240 34,05
250 34,37
260 31,37
270 27,18
280 20,49
290 15,93
300 25, 40
310 25,50
320 22,78
330 20,01
340 19,21
350 1E B
360 13,17
570 8,19
380 1. 84

STORING RAREA HYURQGRAFH ON DISK.




)24

K MYDROGHRAFH GENERATION USING “8CH7 METHOD Xk

WATERSHED NAMED C-AREA

CURVE NUMRER = 76

WATERSHED ARE A= 0. 230 80. MILES

LENGTH OF THE MAIN CHANNEL= 3IG590 FEET
SLOFE OF THE WATERSHELD= 2,00 FERCENY
IMFERVIOUS AREA= 60.00 FERCENT

HYDRAULIC LENGTH MODIFIED Q.00 FERCENT
STORM RETURN FERIOD= 100 YEARS

LAG TIME=  0,1686 HOURS

TIME TO FEAR= 0.,1874 HOURS

HUNIT HYDROGRAFH FEARKS B945,.09 CFB/IN
UNIT HYDROGRAFH DURATION= 0.0374 HRS
TIME BASE OF UNIT GReFH= 093869 HOURS

KKK RUNOFF FPARAMETERS kX

TIME TO FEAR= 190.00 MIN

FEARK UISCHMARGE:  308.41 CFS

RUNOFF VOLUME=  1%5.86 ACRE-FT
o g, 29 INDMES

®X INFLOW/ZOUTFLOW HYDROGRAFH XX

TCMING) INFLOW(CFS) OUTFLOWCFS)

o i 220 0,00 .14
Q 0.00 0.00 230 .00 A7 38
10 501 .50 0,00 240 0.00 Gh. 0%
20 342.83 000 250 0,00 B4, 37
30 63,07 0. 00 260 0,00 A1.37
40 7. 38 0.00 270 0,00 27,18
50 0.61 0.00 2O 0.00 20,49
60 0.00 Q.00 290 0,00 15.93
70 - 0,00 0.00 300 0.00 28 40
80 0.00 0.00 310 0.00 255,50
90 0.00 0.00 320 0.00 AN
100 0,00 0.00 330 000 20,01
;lo Q.00 Q.00 340 0.00 19,21
120 000 0,00 350 000 15,58
130 0. 00 0.00 CB60 0,00 13017
140 0. 00 0.00
i;g g:gg g:gg STORING CAREA HYDROGRAFH ON DISK.
170 0,00 10.03
180 0.00 118,80
190 000 30841
200 0. 00 179 .94

210 0. 00 93,14



X RETRIEVED HYDROGRAFH CAREM

HMYDROGRAPM THENTIFICATION?
TEIME TO PEARK= 190,00 MEINS.
FlEak BESCHARGE: J08.41 LS.

SO ROUTING THROUGH FIFE USING DESIOGN MODE.

SLOFE OF PIFE = 0.0080 (FT/FT).

LENGTH OF PIPE =  3300.00 FT.

FIFE GELECTED I8 A SMOOTH CONCRETE FIFE
MANNINGS ‘n’ =  LOL3

DESIGN FIFE SIZE I6 78 INCHES.

MYBROGRAFH IDENTIFICATIONS

TIME TO FEAK= 195,00 MINS,
FEAK DIGCHARGE= 308.41 CFS.
ok ATDING THE LAST HYRROGRAFH TO HAREA

MYDROGRAFH THENTIFICATION:

TIME TO PEAK: 190400 MING.
FEAR DISCHARGE= 8634 CFS.
FEalk 8TaGE= .00 FT.

% ROUTING THROUGH PIFE USING IHESTOGN MOLH .

SLOPE OF FIFE = 0.0020 (FT/FT),

LENGTH OF FIFE =  3300.00 FT.

FIFE SELECTEDR I8 A SMOOTH CONCRETE FIFE
MANNING'S ‘n’ = .013

DESIGN FIME SIZE I8 114 INCHES,

MYOROGEAFH IRENTIFICATION?

TIME TO FEAR= 198.00 MING.
FEARK BISCHARGE:= a986 .36 CFS3.

K ADDING THE LAST HYDROGRAFH TO AAREA

MYDROGRAFH TNENTIFICATIONS

TIME TO PEAK= 195.00 MING,
FEAK DISCHARGE= 70341 CFS,
FEAK STAGE= 0.00 FT.

X% ROUTING THROUGH FIFE USING DESIGN MODE.

GLOFE QF FIFE = 00,0020 (FT/FTH.

LENGTH OF FIFE = 3300.00 FT.

FIFE SELECTED IS A SMOOTH CONCRETE FIFPE
MANNING’S ‘n’ = 013

DESIGN FIFE SEIZE 18 132 INCHES,

MYDROGRAFH TDENTIFICATIONI
TIME TO FEAR= 200,00 MING .,
FEARK DISCHARGE= 703,41 CFS.




Project Computed

Subject Date sht.l2 "B or__

1780 Dederdion  bosin design by Radional Formile

etermme Lhe regu;’rm’ volume 4o control runoft of
he /Oyec?r storm Vfrom gn 8 acre /@arkm /ot
Assume e Jot is dwidhd into Hcells of Qacres
each, qnd Hhat Fhe stopes are 2%, The jnlet
e for each cell s 5 minutes.

Given  Area = Aacres

C-0¢9
Fregf /0>/f

Find ,'. %fam;'fz: of curves Hor Modfiid  Rational

Formile crobicial Volume

/. C(,{f’Vé ~Tcdf/??r/}/

Duration Gnin) (’/Ar)% o, (fs) **

5 720 /2,96
W, 562 10,49
15 461 886
20 435 /83
30 Juyg 6. 26
40 295 513
50 2,59 2 bty
%, 229 G

¥ tenscly = Figure 2-1
¢ oty F



Project

Sub ject

Computed

sht. /24 Jor

Date

. Cell dimensions

\
le—— 220 —H
S

3 Cridical Volume

Assume release rate = 35¢%

Ce (! valume ’-J,f,/a?zd)@?é)ﬁ?,y?)
- 43835}43

Vo/"—“QP(ZoQ’%;[D)

< mafinum J‘}amfe

DSt vol (tp) Rl vol (#£) Storage ()
5 30888. /050 2758

J0 | GABG | Rjoo | 4/88

5 | TIH | 3)80 | 4

20 1 9396 4200 | 5/96

30 111268 | 6300 | 4968

Yoo 13312 | G400 | 3912

50 | 13,80 | /0500 3440

00 | 14,832 | [aboo | Aas2




Project Computed
Sub ject Date Sht. /Z"/g of

L Check poﬁa//ﬁj a/ep*//{
Crfical volyme ot 5196 #° \m 1

119,
V& :%AO{ : :' 39%°
—— oy
I ID——-—@,{ 198 3 JJBM;:;
7 24" < " r
g de = 14
o, 22 198 . 2.2
S w' 4
J- nod w = 1984
A i)
A= fw- Qﬁ'(;?w')
A- (27 10) (198)d* \
(2)"
Ve Lgol = 010)(179) 3
> 3 (aa)?
i }\/(3)(/0?‘2)‘2 ! - 5196 'Hg
d ﬁ(//o}(iqa)(a)ﬂ ) Vv

d” Q?’ﬁl -~ mMnimam feguc'rfmmf( s 12"
A= 18000 7 V> 000H>



Project Computed

Ssub ject Date sht. 249 of
5. [nlet Jes:'jn
0, - 537Ad % ofr 0 = BOPA’3
Solve for A Pe 3.5ds c )T
3000 77

-—~—~—-—--——-——-5335:/ “(fj) s ¢ 0657

5ma//gr¢fe s need - 137 B ppe




Project Computed
Sub ject Pate sht. 2259 of

/&?“70 Culvert D@S/‘jﬂ

A new culvert will be needed undcr the arfetiaf
street which borders +he propose sﬁoppmj certter

on 7L/)e 50(,(7% Szo/a The '7Lo“}a;30!m haﬁe ared aboue

the cylvert s 96 aues, and the Hme of conceptration
I's /58m;nu+es The compom"z_ runofl eoefficient

'S 0

Dﬁwﬂs'{'f?am of the culvert +he channel has been
regradml ard aligned with a channel slope of

| . The ouMet )-t’\}a‘“}"l)ﬂ will be 6/{’!/.47//0/7 5570
The natural stream sl op e Yhrough the area was 2%
The prgposed_culiert i1 be. 130 fect Jong  and the
ha*}uml stream bed elevation g $he inle °p 's elewtion

5516, The Hop of H)e roadd elevation is elevation
5524

52(1 a culvert whech Wf//%’OdSS the 10O f’ﬂf‘
f + exceedin Fop of Yhe road

@ eu&mn Deylermmg he culvert size needed

assuming inlet control. Also dedermme 4he
CylvertVsize neede using an cmproved rnfer

f/ﬁe the forms and  charts presended in Secfion
6 of the manual
/ Dr‘saﬁcg{ﬁg yse Pational é’fag{%f‘m
v #17ifhe Chypothetical intensity)
Q=cih=08017X)(125) 400 s
Use 400 cts



/ST

PROJECT: DESIGNER ..
DATE:
HYDROLOGIC AND CHANNEL {NFORMATION SKETCH
STATION!
EL 5524
T
tiw =
Q, = 400  TAILWATER ELEVATION =5538 f —L g
Q= _ TAILWATER ELEVATION = ____ / el =
EL5516 U ased
Q) = DESIGN DISCHARGE, SAY Qzs MEAN STREAM VELOCITY = L, 28
0z * CHECK DISCHARGE, SAY Qsg OR Qipg MAX SIREAM VELOCITY 1005 ~ —==—
- ]
CULVERT HEADWATER COMPUVATION ‘ § ,‘;E
DESCRIPTION q lsize INLET CONT - QUTLEY CONTROL HW:H+Ythy -Ls CHART o ® g ‘é COST COMMENTS
-
{ENTRANCE VYPE) —!—’bﬁ Hw | Kg b dg S%;D_ Tw ho | Ls Huw No. | Hw § ey
. ) T -l .
groove edpepi|doo |G | 95 {744 oz |35 4.9645 s & |18 [ pca) Ta 7418 e apeery

——

SUMMAKY 8 RECOMENDATIONS:




AKW El 0 TEEE 1
So0 O 2 -1 d/5

Lnﬂ_._/ég___.n.

€1 Outtot

trver 15:.5’ e

)

f1.

Siream Data

PROJECT: QUTLET CONTROL DESIGHER:
DESIGH CALCUL ATIONS

STATION: DATE. _—

INITIAL DATA.

0.2+ _FEO s SKETCH

Lotrel Shape

anw g1 TELE

P ¥ S

o,

Faat Approwmation e,
T DS w5 Lo 5B
HeaHw El -E1 Qutlel invert-h,

BEEG e - 5 = T

fnvert

(1} de cannot euceed O

(2) TW based on dn in nafure] channal,
or other dosnatreams control,

(3)!10-9_‘:2'9 or TW, whichever is larger.

{4) HWo » He he + El Cutiet Invert,

(5) Qutied Velocliy (Vo Q/Ared defined by de
or TW, aol greater thon D . Do not gompuis
until contral sa6iion is knowa.

and Matenat oo M 112 or Do fi; Try
L {1 (2] (3} {4 {5}
Q o &b COMMENTS
aQ N H NG 4, 2 an | Tw he | MW | W
Triai No ___[__ , Nﬂ__L,..., Bl,_,,&m. s D=, N .Q:.f’:__ @ ! &or M/ ,,‘{3()491’(’ (:’({:/r-‘}r'
] G-7% T T T T [ y T
Joo 1400 | /3 (400 |75 | 5 |20 |38 |5 lsme| | erceeds alfjowadle. WV
Trial No. 2. , Na / L BeLT I é}'/?g’/‘ )5','/}):2 W/ﬁk"'b’t"/ec/ C:.)é;wt_‘.‘
oo |qeo | 7 900 5.3 |54 o8] AV ke OK, but 15> /57
550|350 |53 | 3505,/ |58 R~ 50 5
dea (450 | 8.8 GBS (25558 Eloo 5055
Triol No , N , Bs , D= . et
Jotee and Eauquons: SELECTED. DESIGN

N f
Be ot
Ou LBy
ku-‘ @"Z_

At Dawign Q5

i
1. Hw&-ﬁ%t
Voo A EB ta

29n2 . L

N 2
N H‘Ef"ﬂ"n- T

29

/2.- 5.2



PR T e e SIGNER:
Ostc CULVERT INLET CONTROL SECTION DE
STATION: DESIGN CALCULATIONS OATE:
IN{TIA ATA
Y = =R. - - Y
Anw EL» _S%Z4 g 4
Son a-&z AHW Elxﬁz
Los 152 4,
EL Streom
Bed ot Foce BB 1t th
Borrel 5 -
anu"uaumt ECP  Bormins0-22 Inist S
) Structure L_g| Throot Invers
M . . R
, P TAPERED INLET
o G NBDVE Y CONVENTIONAL or BEVELED “‘"?“ CONTROL 5;5“‘0”
Z INLET: FACE CONTROL SECTION Lower Headings
IPnpﬂr/D% L) 2. 9 (Upper Headings) L
DEFINITIONS OF INLET CONTROL SECTION
{1 (23 3) (4} £.Y] Note: Use Upper Headings for
"] Hy El !-SZE, Coventional or Beveled Face;
= — Face tream L Head tor Topered
No 0 H invart | Beg HW In‘l,:l.r\’?w::!.mq‘ & o
- " al
Q. H Thro|ol Foce
t COMMENTS
) neoh| o Hy Invert FALL § HW 5 Vo
Trial No /o triet and Edqe Descriphon Egveled /1:7/:?"_; 7‘}/¢¢ =1
-3
doo (900 |7 | /16 1S4 B0 |26 i Wb |Fall too lrge s fuy
[ S Aprered cnlet
Triat No & Inlat and Edge Descripiion 7é’,.‘ vred }%ft’” £ de”/é
G 35
100 5691 1.8 | 99 54,1155 | /.9 |F52¢F /6. | ok cale. prr[ curves
350 19.9¢ 1/.65| 7./ | "N N g ]
) ~ A ~.
450 1635 (220 /2.7 | "~ i NEszér]
Trial No . Intet and E£dge Descnplion...... oooo - e
. a4 _ L (R el NGQE S N S
\\ N \
. SN .\ o e —— - |

Noies ond Equahions '
11} El Foced or throat) invert s AHW E1 - Hp{or Hy)

(33 HW (or Hwy ) v Hy (or Hy) « EL foce (or throat)

inver!, whare EI toce (or theoal)
invert should not exceed Ei stireom bed,

(4) §== 5o« FALL/L,
(53 Quilat Velotity *Q/Areq defined by dq ot S

(2} FALL €1 Stream Bad at Face-EL face {or throat) inven

SELECTED DESIGN

Inled Descriphion:
FALL » _l.-,._.,_én
tnvart £« EHL S n,

Bavels:

Anqh-_.f_/ﬁ...
br 7 o, de T in

172- 55



PROJECT:

DESIGNER:
SIDE -TAPERED INLET
DESIGN CALCUL ATIONS
STATION: DATE:
INITIAL DATA - SKETCH
Qe o _$E0_ oty gt 128 Eln,
AHW E) <ZBZ% 0 Lot 452 1t FACE
TAPER » 1
66" 2CP
?.::.ﬁ&:. 45° peyels
Ha f ey BT, 0. 22 0 l"‘
] Tw Tq;\er
[£3] 2) 15) (4] %) Upper Heodings for Box
Hy M Culverts, Lower Heodings for
D Pipas
EL
Treat | ML o o g“ COMMENTS
0 |imet | E | RER | E%R | oa, 8 L 5 LS | wvet
Tnol Mo/ . qv 2 nw 55240
ARG T ) - ;
o0 Lalraz |G (22537 |70 | 9 |ot7 |o.et ian| s8°b st 2222
. . . Hi riwd
350 | V|20 | 395 RN N R NP1 7
400 (381394 7.6 552.9%
Tral No ot Q2 BOLC vy TRA20
P n s D20
_d SRS SO IS N L . o
PN N N NN N N N PR
N N < T e
Trgi No ..o, Q2 o HWg e
L p—

Notes ond Equations:
(1} Hy/ O (o HiZE) ™ (HWy =L Theoat Invart~ 1}/ Dfer €]

OsEsLID 5:"}76& 7%& /4)!/0{75)/0

(2) Min. By *
ngtara/ stredm /s
M EL20 afdaﬁzgxr@

Hhis design /5 ALieple Ve

!
030 18,077

. 4]
Win Ags IE”’HQIA,E”’}

mml?' ; “B] TAPER

(4} From throat demign

(SIELFaca tnvart - E1.Throat Invert = | #., recompule.
Foce and Throat may be jowared 10 better 111 m1le, but ¢o ot roke

SELECTED DESIGN
By s {2 .

7
Ll'i—ﬂ.
Bavels: Mqh.:f-{._f ’
4o 8 1,00 28
Crowl Chech:

Hw <A1y

He » "

Q/w.___f____(FnJ 6-3%)

Min.we 425 p By
(9

/2. 5¢





