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1.0 INTRODUCTION
1.1 Purpose

The purpose of this manual is to establish standard principles and practices for the
design and construction of storm water drainage facilities within Brookland,
Arkansas. In addition floodplain compliance guidelines will be presented to insure base
flood elevations will not rise because of the construction or modification of structures or
land alteration within the floodplain. The design factors, formula, graphs, and
procedures are intended for use as engineering guides in the solution of drainage
problems involving determination of the quantity, rate of flow, and conveyance of storm
water. The procedures defined herein shall be applied by experienced professional
engineers licensed to practice in the State of Arkansas. Also, ultimate responsibility for
the design of storm drainage structures lies with the engineer of record. As such,
prudent engineering judgment should be used in the design of any facility within
Brookland.

Methods of design other than those indicated herein may be considered in difficult cases
where experience clearly indicates they are preferable. However, there should be no
extensive variations from the practices established herein without express approval from
the City of Brookland.

1.2 Scope

This manual presents various applications of accepted principles of surface drainage
engineering and is a working supplement to the information obtained from standard
drainage handbooks and other publications on drainage. It is presented in a format that
gives logical development of solutions to problems of storm water drainage design and
floodplain management.

This manual is intended to be used by the City of Brookland, consulting engineers
contracted with the City, and for private development within the planning jurisdiction of
the City. This manual applies to storm drainage conditions, which are generally relative
to the City of Brookland and the immediate geographical area. Accepted engineering
principles, applied to the City of Brooklandd s st orm dr ai nage r ed
within this manual.

1.3 Drainage Policy

The basic objective of the City of Brookland is to construct and maintain facilities
intended to minimize the threat of flooding to all areas of the City and comply with the
requirements of the National Flood Insurance Program. Drainage facilities are defined
as all channels, pipes or other structures which handle public water. Additionally, it is
the Cityds intent to insure that adequat
development such that existing property will not be subjected to additional flooding and
SO as not to increase the limits of the floodplains as shown on the flood insurance rate
maps (FI RM6 s ) Bfoakland tainld etheiCentitigs (Couinty, Levee Improvement
Districts, and Municipal Utility Districts).

It is not economically feasible to construct storm sewer facilities, which are large enough
to keep the street systems from becoming inundated during severe storm events. City
policies as defined in the governing drainage ordinance and standards in this manual are
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designed to minimize the impacts (depth and duration) of storm events and insure that
the lowest floor elevation of any structures not used exclusively for storage, access, or
parking are, at a minimum, twelve (12) inches above the 100-year flood elevation. The
intent of this policy is that there should not be any street ponding for minor storm events,
minor street ponding for larger events, and major ponding for the 100-year event storms
but without water inundating building structures. Every attempt will be made to design
major thoroughfares so that they are passable during severe storm events.

The City of Brookland has included in this manual criteria covering the design of storm
water systems to serve both existing and new developments.

The criterion is considered a minimum for the City of Brookland. Approval from other
applicable agencies may be required. Ultimate approval for any variance of the criteria
contained in this manual must be given by the City of Brookland.

2 Section 1
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2.0 CONSTRUCTION PLAN PREPARATION
2.1 General

This section covers the preparation of drainage construction plans for the City of
Brookland.

2.2 Design Phase

Plans shall be submitted in accordance with the City of Brookland6 s Chec k| i 9
Drainage Plans. The first engineering plan set submission shall be complete, and in
sufficient detail to allow review by the City of Brookland. All topographic surveys should
be furnished to allow establishment of alignment, grades, and rights-of-way
requirements.

The hydraulic design of the proposed facilities shall be accomplished based on the
procedures and criteria outlined in this manual. Calculations shall be submitted as part
of the plan set. These plans shall show the alignment, drainage areas, size of facilities,
and grades.

Storm drainage plans shall include at a minimum, a drainage area map, plan-profile
sheets, and channel cross-sections, if applicable.

Survey control performed for the project shall reference two reference marks established
by the City of Brookland. A copy of the reference marks can be obtained from the City
Engineer.

Survey control for the project shall conform to the following requirements:

1 Vertical control will be NAVD 88, Third Order Vertical

1 Horizontal control will be NAD 83, Third Order Class 1, Arkansas State Plane
North Zone

2.3 Miscellaneous

All drawings shall be prepared on bond paper with a minimum sheet size of 2 4 03 6xto,
a standard engineering scale, and shall be clearly legible when sheets are reduced to
half scale. All drawings shall be signed and sealed by a Professional Engineer
registered in the State of Arkansas. After each review, all review comments shall be
addressed, additional data incorporated, and drafting of plans completed. Each plan-
profile sheet shall have a benchmark shown.

2.4 Design Guidelines and Checklists for Storm Drainage Plans
2.4.1 Drainage Area Map
The drainage area map shall be to a standard engineering scale, and show the street

rights-of-way. Scale shall be selected to adequately depict drainage areas, flow paths,
etc.

3 Section 2
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When calculating runoff, the drainage area map shall show the boundary of the drainage
area contributing runoff into the proposed system. The area shall be further divided into
sub-areas, sequentially numbered, to determine flow concentration points or inlet
locations. The centerline of all streets will normally be a boundary of a drainage area, to
insure that inlets are sized and positioned to fill the need without depending on storm
water crossing over the street crown for proper drainage.

Direction of flow within streets, alleys, natural and man-made drainage ways, and at all
system intersections, shall be clearly shown on the drainage area map and/or paving
plans. Existing and proposed drainage inlets, storm sewer pipe systems, and drainage
channels shall also be clearly shown and identified.

The following items/information shall be included:

1) Use design criteria as outlined in drainage regulations and prescribed in this
manual;

(2) Standard Engineering Scale. Show match lines between any two (2) or more
maps. Show graphic bar scale;

) Show drainage areas including acres, land use description, hydrologic soil group,
and inlet time for each area;

4) Show existing sub-areas for alley, street, and off-site areas;

(5) Indicate contours on map for on- and off-site, not to exceed two (2) foot contour.
For large drainage areas show contours at intervals appropriate to indicate
drainage patterns;

(6) Location of all existing and proposed drainage structures on the project site;

(7) Show local and FEMA designated SFHA and floodways if they exist. If not, note
that none exists;

(8) Indicate city zoning on drainage area. ldentify land use for adjacent properties;
9 Show points of concentration and their designations;

(10) Inlets, their size and location, the bypass flow for each, the direction of flow as
indicated by flow arrows, the station for the centerline;

(11) Indicate runoff at all inlets, dead-end streets and alleys, or to and from adjacent
additions or acreage;

(12)  For cumulative runoff, show calculations;

(13) Show north arrow. Orient sheet such that the direction of north is to top page or
to the left;

(14) Location of existing and proposed drainage structures;

4 Section 2
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(15) Atable depicting runoff computations;

(16) Flow arrows to indicate all crests, sags, and street and alley intersections; and,
(17)  Street names shall be indicated.

2.4.2 Storm Sewer Design Guidelines

General guidelines for the design of closed conduit systems, storm sewers, are outlined
below.

Q) Diversion of flow from one natural drainage area to another will not be allowed,;
(2 Show plan and profile of all storm sewers;

3) Pipe Material in City rights-of-way or easements shall conform to the following
minimum requirements:

A Roadway Crossings
RCP Class lll or Class IV
ASTM C-76
ASTM C-506
ASTM C-507
Box Culverts and Small Bridges
ASTM C-1433
ASTM C-507
A Mains and Laterals
Aluminized Steel Type 2 Corrugated Steel Pipe
ASTM A-929
ASTM A-760
RCP Class lll or Class IV
ASTM C-76
ASTM C-506
ASTM C-507
Box Culverts and Small Bridges
ASTM C-1433
ASTM C-507

Alternative pipe materials for use outside City rights-of-way or easements shall
be approved by the City Engineer.

4) In areas where pipes cross beneath railroads, areas of deep fill and areas
subjected to heavy loads the engineer shall select the pipe material that is
adequate for the design load and provide documentation of such analysis;

) The minimum allowable concrete strength for concrete pipe is 3,500 psi. Specify
concrete strength for all structures;

(6) Provide inlets where street capacity is exceeded. Provide inlets where addition
of alley runoff to street exceeds intersecting street capacity;

S Section 2
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(7)

(8)

(9)

(10)

(11)

Storm water flow from streets into alleys is to be avoided. The City Engineer
may approve this type of drainage flow when it is not possible to direct flow
anywhere else;

Maximum discharge velocity of eight (8) feet per second (fps) is allowed at the
pipe outfall. Velocities that exceed 8 fps must be approved by the City Engineer
and must include adequate provisions for erosion control considering the soil
conditions at the outfall;

As it relates to erosion control, discharge flow lines of storm sewers shall be a
maximum of two (2) feet above the natural flow line of the channel, unless
channel lining is present. Energy dissipation shall be provided when specified by
the City Engineer;

Where fill is proposed for trench cuts in creeks or outfall ditches, compaction
shall be 95% of the maximum density as determined by ASTM D 698; and,

Any off-site drainage work or discharge to downstream property will require an
easement. Easement shall be sized such that the developed flows can be
conveyed within the easement.

2.4.3 Laterals

Laterals are defined as minor storm sewer lines that serve the purpose of connecting a
single inlet to a larger storm sewer main line. The following is a list of requirements that
apply to laterals.

(1)
(@)

3)

(4)
(5)

(6)
(7)

(8)

Show laterals on trunk profile with stations;

Provide lateral profiles for laterals exceeding thirty (30) feet in length. Potential
conflicts with existing utilities (i.e. sanitary sewer, etc.) should be shown in profile;

Laterals shall be placed in profile such that the hydraulic grade line is not less
than one foot from the curb flow line, unless utilities or storm sewer depth
requires otherwise;

Laterals shall not enter the corners or bottoms of inlets;

In general, the angle of confluence between main line and lateral shall not
exceed ninety (90) degrees. Situations where angles exceed this requirement
must be supported by calculations that show that the connection will not create
adverse flow conditions in the connecting pipe;

Longitudinal centers should intersect;

At junction structures, downstream pipe crown elevations should not be above
upstream pipe crown elevations; and,

Minimum pipe diameter within City rights-of-way or easements shall be twelve
(12) inches unless otherwise approved by the City Engineer.

6 Section 2
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2.4.4 Inlets and Intakes
Inlets shall be provided at the following locations as a minimum:
9 At locations on grade where the design flows exceeds the depth and spread
criteria;
At all low points (sag points) in gutters;
Immediately upgrade of median breaks and street intersections;
Immediately upgrade of roadway cross slope reversals;

Upstream and downstream of bridge locations where applicable; and,

= =4 4 -4 =4

Behind curbs and sidewalks as necessary to drain low areas

Inlets shall be given the same number designation as the area or sub-area contributing
runoff to the inlet. The inlet number designation shall be shown opposite the inlet. At
intersections, where possible, the end of the inlet shall be ten (10) feet from the curb
return or Point of Tangency, and the inlet location shall also provide minimum
interference with the use of adjacent property. Inlets in residential areas should be
located in streets and alleys so that driveway access is not prohibited to the lots.
Drainage from abutting properties shall not be impaired, and shall be designed into the
storm drainage system.

Data opposite each inlet shall include paving or storm sewer stationing at centerline of
inlet, size and type of inlet, number or designation, top of curb elevation and flow line of
inlet as shown on the construction plans.

(1) Indicate direction of flow and the design flow (Q) entering the inlet. Identify
capacity of inlet and any bypass flow that may result;

(2) On plan view, indicate inlet designation number, location of inlet (station and
offset), size of inlet, sizes of pipes entering and exiting the inlet with associated
flow lines, and top-of-curb elevations; and,

3 Use standard curb inlets in City rights-of-way or easements as presented in the
City of Brookland Street Improvement Program Manual, latest edition.

2.4.5 Plan and Profile Sheets

In the plan view, the storm sewer designation, size of pipe, and length of each size pipe
shall be shown adjacent to the storm sewer. The main line sewer plan shall be stationed
at one hundred (100) feet intervals.

This data shall consist of pipe diameter in inches, the design storm discharge in cubic
feet per second, slope of hydraulic gradient in percent, Manning capacity of the pipe
flowing full in cubic feet per second, velocity in feet per second, and V%2g. Also, the
head loss at each interception point shall be shown.

7 Section 2
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Stationing and flow line elevations shall also be shown at all pipe grade changes, pipe
size changes, lateral connections, manholes, and wye connections. Crown elevations
should conform to 2.4.3(7).

(1)

(2)

3)

(4)

()

(6)

(7)

(8)
(9)

(10)

(11)

(12)

(13)

(14)

(15)

The recommended scale for st or m sewer pl an and plPofil e

mi ni mum =a nldd 0160 ma xi mu m;

Indicate property lines and lot lines along storm sewers, and show easements
with dimensions;

Provide separate plan and profile of storm sewers. The storm drain lines should
also be shown on paving plans with a dashed line. Full pipe sections should be
shown on sanitary sewer profiles at crossings;

Show pipe sizes in plan and profile;

Show hydraulics on each segment of pipe profile to include: Q (Design Flow),
C (Manning full flow capacity); S (Slope), V (Velocity), V?/2g (Velocity Head);

Show all existing utilities in plan and profile. Show sanitary sewer profiles at all
crossings of storm drain profiles;

Indicate existing and proposed ground line on all street, alley, and storm sewer
profiles;

Show future streets and grades where applicable;

When connections are made to existing systems, computations must be provided
to show the capacity of the existing system to accept flows. Hydrologic Grade
Line (HGL) will be calculated from the outfall to the connection point including the
designed flows of the added system;

Indicate flow line elevations of storm sewers on profile, show pipe slope (percent
grade). Match pipe soffits at all junction boxes or inlets;

In general, the angle of confluence between main line and lateral shall not
exceed ninety (90) degrees;

Show details of all non-standard structures such as junction boxes, headwalls,
storm sewers, flumes, and manholes;

Pipe deflections for directional changes shall be placed at the manufacturers
recommendations. Def | ecti ons exceeding the m
will not be tolerated;

Bends in pipes may be used in unusual circumstances with approval by the City.
No bend at one location may exceed thirty (30) degrees;

Show water surface elevation of the outfall for design year event (i.e. Qas);

8 Section 2
Construction Plan Preparation

Rnuf ac




City of Brookland Stormwater Drainage Design Manual

(16)

(17)

(18)

The profile portion of the storm sewer plan-profile sheet shall include:

(1)

(2)
3)
(4)
()
(6)

(7)

2.4.6

(1)

(2)

3)

(4)

()
(6)

On all dead-end streets and alleys where water exits at the dead-end, show
grade out to Adaylighto for drainage
when necessary. Show typical section and sl op
At sags in pavement, provide a positive overflow (swale) to act as a safety path
for failure of the storm drain system. Also, provide minimum lowest floor
elevations along this overflow rout; and,

Provide sections for road, railroad, and other ditches with profiles. Show design
water surface on profile.

The existing and proposed ground profile along the centerline of the proposed
sewer;

The hydraulic gradient of the sewer;
The profile of the proposed storm sewer line;
Profile view of utilities that cross the proposed sewer alignment;

Locations where laterals intersect the main line;

Text identifying the pipe size, el e

percent, stations where laterals intersect main line; and,

Hydraulic data for each length of storm sewer between interception points shall
be shown on the profile.

Detention

Provide drainage area map and show all computations for runoff affecting the
detention basin;

Provide a plot plan with existing and proposed contours for the detention basin
and plan for structural measures;

Where earth embankment is proposed for impoundment, furnish a typical
embankment section and specifications for fill including profile for the structural
outflow structure and Geotechnical report;

Provide structural details and calculations for any item that is not a standard
detall;

Provide detention basin volume calculations and elevation versus storage curve;

Provide detention calculations for volume by elevation-area, outflow using orifice
and/or weir, and reservoir routing; and,

9 Section 2
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(7)

2.4.7
1)
(2)

3)
(4)
()
(6)
(7)

(8)
2.4.8

(1)

(@)
3)
(4)

(5)
(6)

(7)

(8)

Provide SCS, Type Il 24-hour distribution, determination of storage requirements,
(permitted for areas of 100 acres or less). Areas greater than 100 acres shall
use City of Brookland FEMA data (if available).

Bridges

Show Geotechnical soil boring information on plans;

Provide channel cross sections of the water surface elevations for the design
storm immediately upstream and downstream of the structure;

Provide hydraulic calculations on all sections;
Provide structural/standard details and calculations;
Provide vertical and horizontal alignment;

Show soil erosion protection measures;

The pre- and post- construction SFHA and regulatory floodway if defined shall be
delineated on the plans; and,

Additional requirements for Bridges may be found in Section 7.0 and Section 9.0.
Open Channels

Plan view of channel showing existing and proposed alignment including creek
centerline stationing, north arrow, and scale;

Profile of existing and proposed creek centerline;
Profile of the 25-year and 100-year water surface elevation;

Typical cross sections showing dimensions, and the station limits for which they
apply;

Velocities and discharges for the 25-year and 100-year storms;

Limits of temporary erosion protection associated with the construction of the
channel needs to be indicated in plan view;

Indicate property lines and lot lines along with existing utilities and show
easements with dimensions; and,

Include on the construction plans or as in a separate report, the computations
performed in developing the water surface profile.

10 Section 2
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3.0 HYDROLOGY
3.1 General

The planning, design, and construction of drainage facilities are based on the
determination of one or more aspects of storm runoff.

Continuous long-term records of rainfall and resulting storm runoff in an area provide the
best data source from which to base the design of storm drainage and flood control
systems in that area. However, it is not possible to obtain such records in sufficient
guantities for all locations requiring storm runoff computations. Therefore, the accepted
practice is to relate storm runoff to rainfall, thereby providing a means of estimating the
rates, timing and volume of runoff expected within local watersheds at various
recurrence intervals.

It is generally accepted that urban development has a pronounced effect on the rate and
volume of runoff from a given rainfall. Urbanization generally alters the hydrology of a
watershed by improving its hydraulic efficiency, reducing its surface infiltration, and
reducing its storage capacity.

For certain small drainage areas (generally less than 100 acres in size), the widely used
NRCS (formerly SCS) graphical peak discharge (TR55) provides a useful means of
determining peak discharges. If the engineer wishes to use an alternative design
technique, it is recommended that the City Engineer be consulted prior to design. If the
area is larger than 100 acres and has FEMA hydrology determined for it, the FEMA
hydrology model shall be used.

3.2 (Intentionally Deleted)
3.3 SCS, Type Il 24-hour Distribution, TR-55 Hydrograph Method

The Soil Conservation Service (SCS now Natural Resources Conservation Service i
NRCS) hydrologic method has been widely used by engineers and hydrologists for
analyses of small urban watersheds.

This method results from extensive analytical work using a wide range of statistical data
concerning storm patterns, rainfall-runoff characteristics and many hydrologic
observations in the United States. The SCS method can be applied to urban drainage
areas of any size. Major parameters required to calculate the hydrograph include the
rainfall distribution, runoff curve numbers, time of concentration, and drainage area.

The runoff equation used by the SCS is a relationship between accumulated rainfall and
accumulated runoff derived from experimental plots for numerous soils and vegetation.
The SCS Runoff Curve Number (CN) method is described in detail in NEH-4 (SCS
1985). The SCS runoff equation is:

(P- 12>

Q= P 19+s (3.2)

11 Section 3
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Where
Q = accumulated direct runoff, (in)
P = accumulated rainfall (potential maximum runoff), (in)
S = potential maximum retention after runoff begins, (in)

initial abstraction (including surface storage, interception, and infiltration
prior to runoff), (in)

5

Initial abstraction (la) is all losses before runoff begins. It includes water retained in
surface depressions, water intercepted by vegetation, evaporation, and infiltration. |, is
highly variable but generally is correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, |, was found to be approximated by the
following empirical equation:

la=0.2S (3.3)

By removing l. as an independent parameter, this approximation allows use of a
combination of S and P to produce a unique runoff amount. Substituting equation (3.3)
into equation (3.2) gives:

(P- 0.292
T (P+0.89

S is related to the soil and cover conditions of the watershed through the CN. CN has a
range of 0 to 100, and S is related to CN by:

_ 1000
CN

Q (3.4)

S 10 (3.5)

Graphical peak discharge was developed from TR-20. The peak discharge equation is

Op = QuAnQFp (3.6)
gp = peak discharge, (cfs)
gu = unit peak discharge, (cfs/sq mi/in)
m = drainage area, (mi?)
Q = runoff, (in)
Fp = pond and swamp adjustment factor (necessary if spread throughout the
watershed and not considered in Tc computation)

The following are the steps necessary to use the SCS Method for peak discharge
computations:

1. Determine the drainage area;

2. Determine the soil classification based on runoff potential (Group A, B, C, or D).
See Section 3.3.3 for detailed information. One approach for a general
classification is to determine the soil name and type from SCS (NRCS) soils map
or report for Craighead County;

3. Determine the antecedent soil moisture conditions (AMC). For design purposes,
the AMC wi l |l be fiaverageo or [ 1

4. Classify cover type and hydrologic condition of the soil-cover complex as good,
fair, or poor. For additional information see Tables 2-2a, b, and c in Appendix 1;

12 Section 3
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5. Determine the Curve Number (CN) for the AMC Il soil classification. If
necessary, determine a weighted value by dividing the sum of the products of the
subarea sizes and CNs by the total area. (See Section 3.3.2 for details about
CN);

6. Estimate the watershed time of concentration in hours (Tc) using TR-55 with max
sheet flow of 100 ft.;

7. Determine the potential maximum storage (S). Use Equation 3.5 to calculate the
potential maximum storage;

8. Determine the initial abstraction (l,). Use CN to determine |, using Table 4-1
from TR-55, as shown below. See if |5 is greater than P;

Table 4-1. I, values for runoff curve numbers

Curve L Curve Iy

number (in) number (in)
Ao, 3.000 | e e 0.857
. ; - 2.878 T conssssespessavenionss 0.817
b 2.762 V2 ononssosmnsanssassss 0.778
" < SRR 2.651 1 SO 0.740
:7: SR 2.545 T4 coeeeevaeenennns 0.703
4D s 2.444 BB acscssssnansaasanias 0.667
L S 2.348 - SO 0.632
i IR 2.255 Welosssvassmsmoncanmvass 0.597
- L 2.167 7 S 0.564
L 2.082 S 0.532
51 | S 2.000 B, oronemsecinesaesnsense 0.500
Bl pucsensiaisans 1.922 S 3 LR 0.469
7L R e, 1.846 B2 oeeenessessrasssasse 0.439
B3 ssesnssuvmsae 1.774 2 0.410
57 RS 1.704 84 ...ocvererrennnes 0.381
BB v senusivazs: 1.636 85 cicisinninainiin 0.353
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BT cosasasmna 0.985 YT ccvmvssmssssnins 0.062
- 0.941 S 0.041
;¢ L 0.899

9. Use information in Section 3.3.1 to determine the total rainfall for watershed for
the design frequency;
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10. Determine the accumulated direct runoff (Q) using equation 3.4 (or solution of
runoff equation TR-55 Figure 3.1);

8

7 Curves on this sheet are for the
case Iy = 0.2S, so that
5 2
q- (P-0.25) S
6 P+0.8S 7/

Direct runoff (Q), inches

Rainfall (P), inches

11. Determine I, /P ratio;
12. Using I, /P ratio and Tc determine unit peak discharge (qu).
Use TR-55 Exhibit 4-11 Unit peak discharge (qu) for NRCS (SCS) type Il rainfall

distribution;
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13. Determine the unit peak discharge using graphical methods of the la/P ratio and
the Tc (hours) and using Worksheet 4 in Appendix 1;

14. Determine the pond and swamp adjustment factor (Fp); and,

15. Compute peak discharge using equation 3.6
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Appendix 1 has worksheets from the TR-55 manual to determine peak discharge.

3.3.1 Accumulated Rainfall (P) and Rainfall Distribution

Brookland is located in the SCS Type Il hypothetical storm area. The design storm
duration for drainage work is the 24-hour duration at the relevant frequency. The rainfall

depth vs. frequency is shown in Table 3-1.

Table 3-1. Rainfall Depth vs. Frequency for Brookland, AR
from TP-40 and HYDRO-35

Frequency | 24-hour

2-Year 3.88
10-Year 5.58
25-Year 6.35
50-Year 6.99

100-Year 7.70
500-Year 9.25

3.3.2 Curve Number (CN) Factors

The major factors affecting CN determination are hydrologic soil groups (HSG), cover
type, treatment, hydrologic condition, and antecedent runoff condition (ARC). The CN
varies according to the factors below. Tables 2-2a, b and ¢ in Appendix 1 provide details
for CN selection. If a watershed subarea has multiple land uses, the CN can be
weighted for the subarea.

3.3.3 Hydrologic Soil Groups

Soil properties influence the relationship between rainfall and runoff by affecting the rate
of infiltration. NRCS divides soils into four hydrologic soil groups based on infiltration
rates (Groups A-D). Urbanization also impacts soil groups as well.

Group A - Group A soils have low runoff potential due to high infiltration rates even when
saturated. These soils primarily consist of deep sands, deep loess, and aggregated
silts.

Group B - Group B soils have moderate infiltration rates when saturated. These soils
primarily consist of moderately deep to deep, moderately well-drained to well-drained
soils with moderately fine to moderately coarse textures (shallow loess, sandy loam).

Group C - Group C soils have slow infiltration rates and a moderately high runoff
potential. These soils when saturated usually have a layer near the surface that
impedes downward movement of water. These soils are moderately fine to fine in
texture and examples include clay loams, shallow sandy loams, soils low in organic
content, and soils usually high in clay.

Group D - Group D soils have high runoff potential (very slow infiltration rates) when
saturated. These soils are predominantly clay soils with a high swelling potential, soils
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with a permanent high water table, soils with a claypan or clay layer at or near the
surface, and shallow soils over nearly impervious material.

The SCS has published a county soil survey book for Craighead County. Use of the soll
survey book and TR-55 table of soils and their hydrologic soil group is necessary to
determine the Curve Number (CN).

3.3.4 Cover Type

Cover types can include vegetation, bare soil, and impervious surfaces. Cover type can
be determined by reconnaissance, aerial photography, and land use maps. Tables 2-2a,
b and c in Appendix 1, addresses most cover types.

3.3.5 Treatment

Treatment is a cover modifier that describes management of cultivated agricultural
lands. Table 2-2b in Appendix 1 is used with agricultural areas that are cultivated.

3.3.6 Hydrologic Condition

Hydrologic condition is generally estimated from plant density and residue cover to
account for the effects of cover and treatment in infiltration and runoff. Hydrologic
condition only is a factor in CN for agricultural lands. Details about good, fair, and poor
conditions are found in Table 2-2b and Table 2-2c in Appendix 1.

3.3.7 Antecedent Runoff Condition (ARC)

For design purposes, the antecedent runoff conditions (ARC) will be average, or Type Il.
The CN values assume medium ARC (or Type Il) conditions.

3.3.8 Ponding and Swamp Adjustment Factor (Fp)
If ponds and swamp areas are spread throughout the watershed and not considered in
the Tc computation, an adjustment is needed. Table 4-2 includes the adjustment factor

for percent of area of the subbasin that is pond or swamp.

TR55-Table 4.2. Adjustment factor (Fp) for pond and swamp areas that are spread
throughout the watershed

Percentage of pond

and swamp areas F;
0 e 1.00
T 0.97
L0 e 0.87
Bi0sssaisnmi i 0.75
D s e
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3.4 Computer Hydrograph Methods

The Corps of Engineers have developed HEC-HMS for determining hydrology. For large
areas, HEC-HMS provides flow estimates that can account for valley storage and routing
which SCS methods do not. HEC-HMS can be obtained from the Corps of Engineers. It
can be downloaded from their website at http://www.hec.usace.army.mil/. For a
Conditional Letter of Map Revision (CLOMR) or Letter of Map Revision (LOMR), a
FEMA approved hydrology model must be used. Currently (May 2006), HEC-HMS is
approved by FEMA.

NRCS has also developed a computer version of TR-55. It can be downloaded from
their website at http://www.wcc.nrcs.usda.gov/hydro/hydro-tools-models-tr55.html  or
http://www.wcc.nrcs.usda.gov/hydro/hydro-tools-models-wintr55.html.
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4.0 STORM DRAIN AND DRAINAGE APPURTENANCES
4.1 General

This section contains storm drainage design criteria and demonstrates the design
procedures to be employed on drainage projects within the City of Brookland. All
drainage design calculations and assumptions shall submitted with permit applications.

4.2 Design Frequencies

Table 7 in Appendix 1 shows the appropriate design frequencies to be used for storm
drain designs in the City of Brookland.

4.3 Runoff Calculations

To begin design of a storm drainage system, it is necessary to compute the amount of
runoff that accumulates upstream of the intake structures. For basins less than 100
acres, the SCS Method should be used for computing runoff. The equation is:

_(P- 0297

- 7 4.1
(P +0.8S) @

where

runoff, (in)
rainfall, (in)

Q
P
S potential maximum retention after runoff begins, (in)

S is related to the soil and cover conditions of the watershed through the CN. CN has a
range of 0 to 100, and S is related to CN by:

_ 1000

S
CN

10 (4.2)

4.4 Street Flow

The next step in the design of the storm drain system is to calculate the flow within the
streets.

4.4.1 Definitions

The following street classifications will provide clarity in discussing the requirements and
methodology to calculate the flow in streets:

Principal Arterials: Serve the major centers of activity
Minor Arterials: Intended to provide land access
Collectors: Connect local streets in residential neighborhoods

18 Section 4
Storm Drain and
Drainage Appurtenances




City of Brookland Stormwater Drainage Design Manual

Locals: Provide access to various public and private properties
The following descriptions relate to the shape of the cross section of the roadway:

Straight Crown - A constant slope from one gutter flow line across the street to the other
gutter flow line.

Parabolic Crown - A pavement surface shaped in a parabolic from one gutter flow line to
the other.

Vertical Displacement Between Gutter Flow Line - Due to topography, it will be
necessary at times that the curbs on a street be placed at different elevations.

4.4.2 Calculation of Flow in Streets

The calculation of flow in streets is dependent on street width and shape. Generally,
there are two shapes for streets: straight crown and parabolic crown. The straight
crowned street can be further subdivided into two types of gutters: uniform and
composite. The following discussion covers the methodology used to compute the flow
in the street.

Table 7 in Appendix 1 shows the requirements for the design of the roadway drainage.

4.4.3 Uniform Gutter Sections

Uniform Road Section

The runoff in the gutter is generally treated as open channel flow. Ther ef or e,
Equation can be used to calculate the flow or spread in the road section. The following

formulaisamodi fi ed version of ItihcerpoMestmeigeomeirg of H

the uniform roadway section.

K
Q - _C SX1.67 SLO.S T2.67 (43)

n
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Where:

Kc =0.56
n =Ma n n i nougliness coefficient (0.013 for concrete)
St = Longitudinal slope of road, (ft/ft)

Sx = Pavement (road) cross-slope, (ft/ft) = %

T = Total width of flow or spread
Q = Total discharge, (cfs)
S, = Longitudinal slope of road

This equation assumes that the depth of flow, d, is small when compared to the overall
spread and therefore the spread is assumed to be equal to the wetted perimeter. Also,
the friction along the curb height is assumed to be negligible when compared to the
friction along the spread.

The roadway should be designed such that the spread will be maximized just upstream
of the inlet. See design spread criteria in Table 7 in Appendix 1.

4.4.4 Composite Gutter Sections

W T

Composite Road Section
Where:

Qw = Flow in depressed section, (ft/s)
Qs = Side flow, (cfs)

Sw = Gutter Cross Slope, (ft/ft)

Sx = Pavement (road) cross-slope, (ft/ft)
W = Width of depressed gutter, (ft)

Ts = Width of side flow, (ft)

T = Total width of flow, (ft)

a = Continuous gutter depression, (in)

In order to calculate the flow in a composite section the ratio of frontal flow to total gutter
flow, Eo, can be calculated using Formula (4.4) in conjunction with Formula (4.3).
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< & -
Eo= |+ Gy Sw/S< go b Q" (4.4)
% ~
&

X

o

- ax ™

7

Parabolic

For residential streets, parabolic sections are often used because they provide a flatter
driving surface than uniform sections. However, the flow capacity is less for the
parabolic section than the uniform section. The following formulas can be used to
calculate the flows and associated spread in a parabolic section.

y= ((leo.S)CZ) /C1 (45)
Q = (y*C1)We2*g0s (4.6)
T=BT (C3-Cdy)°s (4.7)
A=(Txy)/3 (4.8)
V= QA (4.9)

Where:

y = Flow depth in gutter for one side of street, (ft)

Q = Guitter discharge for one side of the street, (cfs)
T = Spread for one side of the street, (ft)

A = Cross sectional area of flow, (ft?)

V = Velocity of flow, (ft/s)

B = 1/2 of the street width
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Table 4.1: Parabolic Roadway Coefficients

CROWN C1l Cc2 C3 c4
6 0 9.2180 0.3405 169 338
266 *50 9.9714 0.3404 169 405.6
40 10.9821 0.3404 169 507
70 9.1145 0.3418 225 385.7143
316 60 9.7396 0.3418 225 450
*50 10.5346 0.3418 225 540
8 0 9.1888 0.3421 324 486
366 70 9.7317 0.3421 324 555.4286
*6 0 10.4020 0.3422 324 648
446 *8 0 9.9146 0.3433 484 726
70 10.4975 0.3433 484 829.7143
60 11.2173 0.3433 484 968
* These crown heights shall be used for new developments
Note: These constants were derived foraMa n n i maoj GB046.

Alternatively, the nomographs included in Appendix 4 can be used as aids in designing
parabolic roadway drainage.

4.5 Drainage Inlet Design

The hydraulic capacity of a storm drain inlet depends upon its geometry as well as the
characteristics of the gutter flow. Inlet capacity governs both the rate of water removal
from the gutter and the amount of water that can enter the storm drainage system.
Inadequate inlet capacity or poor inlet location may cause flooding on the roadway
resulting in a hazard to the traveling public.

In general inlets should be placed to meet the spread requirements summarized in Table
7 in Appendix 1. In addition, inlets should be spaced at a maximum distance of 600 feet
apart or before intersecting street.

45.1 Inlet Types

Storm drain inlets are used to collect runoff and discharge it to an underground storm
drainage system. Inlets are typically located in gutter sections, paved medians, and
roadside and median ditches. Inlets used for the drainage of highway surfaces can be
divided into the following three classes:

1. Grate inlets;
2. Curb-opening inlets; and,
3. Combination inlets
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Grate inlets consist of an opening in the gutter or ditch covered by a grate. Curb-
opening inlets are vertical openings in the curb covered by a top slab. Combination
inlets consist of both a curb-opening inlet and a grate inlet placed in a side-by-side
configuration, but the curb opening may be located in part upstream of the grate.

4.5.2 Interception Capacity of Inlets on Grade

Inlet interception capacity, Q;, is the flow intercepted by an inlet under a given set of
conditions. The efficiency of an inlet, E, is the percent of total flow that the inlet will
intercept for those conditions. The efficiency of an inlet changes with changes in cross
slope, longitudinal slope, total gutter flow, and, to a lesser extent, pavement roughness.
In mathematical form, efficiency, E, is defined by the following equation:

E= "' (4.10)

Where:

E = Inlet Efficiency (ft%/s)
Q = Total Gutter Flow
Q;j = Intercepted F=low, (ft¥/s)

Flow that is not intercepted by an inlet is termed carryover or bypass and is defined as
follows:

Q =Q-Q (4.11)
Where:
Qo= bypass flow, (ft3/s)

In Appendix 4, design charts for inlets on grade and procedures for using the charts are
presented for the various inlet configurations. Remember that for locally depressed
inlets, the quantity of flow reaching the inlet would be dependent on the upstream gutter
section geometry and not the depressed section geometry.

Charts for grate inlet interception have been made and are applicable to all grate inlets
tested for the Federal Highway Administration. The chart for frontal flow interception is
based on test results which show that grates intercept all of the frontal flow until a
velocity is reached at which water begins to splash over the grate. At velocities greater
than A-8pémnsé8hvelocity, grate efficiency
Grates also intercept a portion of the flow along the length of the grate, or the side flow.
A chart in Appendix 4 is provided to determine side-flow interception. Chart 5B in
Appendi x 4 det er-omere Wéleo diistpy.ash
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A procedure for determining the interception capacity of combination inlets is also
presented.

4.5.2.1 Grate Inlets

Grate inlets perform satisfactory over a wide range of gutter grades. The capacity of an
inlet depends on its geometry and the cross slope, longitudinal slope, total gutter flow,
depth of flow and pavement roughness. The depth of water next to the curb is a major
factor in the interception capacity of both gutter inlets and grate inlets. At low velocities
all the water flowing in the gutter adjacent to a grate is intercepted. On steep slopes
only a portion of the frontal flow will be intercepted if the velocity is high or the grate is
short and splash over occurs. For grates less than two (2) feet long intercepted flow is
small.

A parallel bar grate inlet is the most efficient type of curb inlet; however when crosshars
are added for bicycle safety the efficiency is greatly reduced. Where bicycle traffic is a
design consideration, the curved vane grate and tilt bar grate are recommended for both
hydraulic features and safety.

Where debris is a problem, consideration should be given to debris handling efficiency
rankings. Table 4-2 presents the results of tests for debris handling efficiency. This
table should be used for relative comparisons only.

Table 4-2. Average Debris Handling Efficiencies of Grates Tested

Longitudinal Slope
Rank Grate 0.005 0.04
1 Curved Vane 46 61
2 30° - 85 Tilt Bar 44 55
3 45° - 85 Tilt Bar 43 48
4 Pi 50 32 32
5 P71 50x100 18 28
6 45° - 60 Tilt Bar 16 23
7 Reticuline 12 16
8 P-30 9 20

When the velocity approaching the grateis| e s s t h a n -otvheer 0fi svpel | aoschi

will intercept essentially all of the frontal flow. Conversely, when the gutter flow velocity
exceedstheis pl-oavsenr 6 vel ocity for the grate, d
A part of the flow along the side of the grate will be intercepted, dependent on the cross
slope of the pavement, the length of the grate, and flow velocity.

The ratio of frontal flow to total gutter flow, E, for a uniform cross slope is expressed by
equation 4.12:

E =

o]

Q. -1 él_l_- W?Zﬁ?

— & —O0
Q ¢ T+

(4.12)
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Where:

Q= total gutter flow, (ft%/s)

Qu= flow in width W, (ft®/s)

W= width of depressed gutter or grate, (ft)
T= total spread of water, (ft)

Chart 2B in Appendix 4 provides solutions of E, for either uniform cross slopes or
composite gutter sections.

The ratio of side flow, Qs, to total gutter flow is:

The ratio of frontal flow intercepted to total frontal flow, R:, is expressed by equation
4.14:

Re =171 Ky (VT Vo) (4.14)
Where:

Ky=0.09 in English Units

V= velocity of flow in the gutter, (ft/s)

Vo= gutter velocity where fi s p l-cavsefirstoccurs, (ft/s)
(Note: Rt cannot exceed 1.0)

This ratio is equivalent to frontal flow interception efficiency. Chart 5B in Appendix 4
provides a solution for equation 4.14 which takes into account grate length, bar
configuration, and gutter velocity at which splash-over occurs. The average gutter
velocity (total gutter flow divided by the area of flow) is needed to use Chart 5B in
Appendix 4. This velocity can also be obtained from Chart 4B in Appendix 4.

The ratio of side flow intercepted to total side flow, Rs, is side flow interception efficiency,
is expressed by equation 4.15. Chart 6B in Appendix 4 provides a solution to equation
4.15.

o 18 ~
Ro=1/ s+ V8 (4.15)
> c 2.3 O
¢ SbL=
Where:
Ku = 0.15 in English Units
L = length of grate along gutter, (ft)
Sx = roadway cross slope
V = velocity, (ft/s)
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The efficiency, E, of a grate is expressed as provided in equation 4.16:
E=RiEo+ Rs(1-Eyp) (4.16)

The first term on the right side of equation 4.16 is the ratio of intercepted frontal flow to
total gutter flow, and the second term is the ratio of intercepted side flow to total side
flow. The second term is insignificant with high velocities and short grates.

The interception capacity of a grate inlet on grade is equal to the efficiency of the grate
multiplied by the total gutter flow as represented in equation 4.17.

Q=EQ=Q[RrEo+Rs(1-Eo)] (4.17)
45.2.2. Curb-opening Inlets

Curb-opening inlets are most effective on flatter slopes, in sags, and with flows which
typically carry significant amounts of floating debris. The interception capacity of curb-
opening inlets decreases as the gutter grade increases. Consequently, the use of curb-
opening inlets is recommended in sags and on grades less than 3%.

Curb-opening inlets are effective in the drainage of pavements where flow depth at the
curb is sufficient for the inlet to perform efficiently. Curb openings are less susceptible to
clogging and offer little interference to traffic operation. They are a viable alternative to
grates on flatter grades where grates would be in traffic lanes or would be hazardous for
pedestrians or bicyclists.

Curb opening heights vary in dimension; however, a typical maximum height is
approximately 4 to 6 inches. The length of the curb-opening inlet required for total
interception of gutter flow on a pavement section with a uniform cross slope is expressed
by equation 4.18:

.6

Qo

1
n§+

=2

LT=KuQ ¥ (4.18)

WO M

Where:

Ku= 0.6 in English Units

n=Ma n n i Qogfficient

Sx=roadway cross slope

Lr= curb opening length required to intercept 100 percent of the gutter flow, (ft)
S.= longitudinal slope

Q= gutter flow, (ft3/s)

The efficiency of curb-opening inlets shorter than the length required for total
interception is expressed by equation 4.19:
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Q 1.8
E=1-%- 1§ (4.19)
9 -_—

Where:

L = curb-opening length, (ft);
Lt = curb opening length at 100% efficiency, (ft)

Chart 7B in Appendix 4 is a nomograph for the solution of equation 4.18 and Chart 8B In
Appendix 4 provides a solution of equation 4.19.

The length of inlet required for total interception by depressed curb-opening inlets or
curb-openings in depressed gutter sections can be found by the use of an equivalent
cross slope, Se, in equation 4.18 in place of Sx. Se can be computed using equation
4.20.

Se=Sx+ SwEo (4.20)
Where:

Sx= roadway cross slope, (ft/ft);

S'w= cross slope of the gutter measured from the cross slope of the pavement,

Sy, (ft/ft) , (S'w = (a/[12 W], for W in ft) or = Sy - Sy);

a= gutter depression, (in);

Eo= ratio of flow in the depressed section to total gutter flow determined by the
gutter configuration upstream of the inlet.

The following diagram shows the depressed curb inlet for equation 4.26, E, is the same
ratio as used to compute the frontal flow interception of a grate inlet.

As seen from Chart 7B in Appendix 4, the length of curb opening required for total
interception can be significantly reduced by increasing the cross slope or the equivalent
cross slope. The equivalent cross slope can be increased by use of a continuously
depressed gutter section or a locally depressed gutter section.
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Using the equivalent cross slope, Se, equation 4.18 becomes:

.6

Qo

1
n§+

OO

(4.21)

LT = KT Q0.42 SI_0.3

(e)]

O

Where:

Kt = 0.6 in English Units

n=Ma n n i @Qogfficent

Se = egivalent cross slope

Lt= curb opening length required to intercept 100 percent of the gutter flow, (ft)
S.= longitudinal slope

Q= gutter flow, (ft®/s)

Equation 4.19 is applicable with either straight cross slopes or compaosite cross slopes.
Charts 7B and 8B in Appendix 4 are applicable to depressed curb-opening inlets using
Se.

45.2.3. Combination Inlets
Combination inlets provide the advantages of both curb opening and grate inlets. This

combination results in a high capacity inlet which offers the advantages of both grate
and curb-opening inlets. When the curb opening extends upstream of the grate in a

isweeper o configuration, the interceptio
capacity of the curb opening upstream of the grate and the grate capacity. Used in a
sag configuration, the Asweeperd inlet

grate.

The interception capacity of a combination inlet consisting of a curb opening and grate
placed side-by-side is no greater than that of the grate alone. Capacity is computed by
neglecting the curb opening. A combination inlet is sometimes used with a part of the
curb opening placed upstream of the grate. The curb opening in such an installation
intercepts debris which might other wiseA
sweeper combination inlet has an interception capacity equal to the sum of the curb
opening upstream of the grate plus the grate capacity, except that the frontal flow and
thus the interception capacity of the grate is reduced by interception by the curb
opening.

4.5.3 Interception Capacity of Inlets in Sag Locations

Inlets in sag locations operate as weirs under low head conditions and as orifices at
greater depths. Orifice flow begins at depths dependent on the grate size, the curb
opening height, or the slot width of the inlet. At depths between those at which weir flow
definitely prevails and those at which orifice flow prevails, flow is in a transition stage. At
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these depths, control is ill-defined and flow may fluctuate between weir and orifice
control. Design procedures presented here are based on a conservation approach to
estimating the capacity of inlets in sump locations.

The efficiency of inlets in passing debris is critical in sag locations because all runoff
which enters the sag must be passed through the inlet. Total or partial clogging of inlets
in these locations can result in hazardous ponded conditions. Grate inlets alone are not
recommended for use in sag locations because of the tendencies of grates to become
clogged. Combination inlets or curb-opening inlets are recommended for use in these
locations.

4.5.3.1 Grate Inlets in Sags
A grate inlet in a sag location operates as a weir to depths dependent on the size of the

grate and as an orifice at greater depths. Grates of larger dimension will operate as
weirs to greater depths than smaller grates.

The capacity of grate inlets operating as weirs is:
Q=CwPd® (4.22)
Where:
P= perimeter of the grate in (ft) disregarding the side against the curb
Cw= 3.0 in English Units
d= average depth across the grate; 0.5 (d; + dy), (ft)
The capacity of a grate inlet operating as an orifice is:
Qi=CoAg(2gd)°® (4.23)
Where:
Co= orifice coefficient = 0.67
Ag=clear opening area of the grate, (ft?)

g= 32.2 ft/s?

Use of equation 4.23 required the clear area of opening of the grate. Opening ratios for
the grates are given on Chart 9B in Appendix 4.
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Chart 9B in Appendix 4 is a plot of equation 4.22 and 4.23 for various grate sizes. The
chart indicates the effect of the grate size on the depth at which it operates as an orifice.
The transition from weir to orifice flow results in an interception capacity less than that
computed by either the weir or the orifice equation. This capacity can be approximated
by drawing in a curve between the lines representing the perimeter and net area of the
grate to be used.

4.5.3.2 Curb-Opening Inlets

The capacity of a curb-opening inlet in a sag depends on water depth at the curb, the
curb opening length, and the height of the curb opening. The inlet operates as a weir to
depths equal to the curb opening height and as an orifice at depths greater than 1.4
times the opening height. At depths between 1.0 and 1.4 times the opening height, flow
is in a transition stage.

Spread on the pavement is the usual criterion for judging the adequacy of a pavement
drainage inlet design. It is also convenient and practical in the laboratory to measure
depth at the curb upstream of the inlet at the point of maximum spread on the pavement.
Therefore, depths at the curb measurements from experiments coincide with the depth
at curb of interest to designers. The weir coefficient for a curb-opening inlet is less than
the usual weir coefficient for several reasons. The most obvious of which is that depth
measurements from experimental tests were not taken at the weir, and drawdown
occurs between the point where measurements were made and the weir.

The weir location for a depressed curb-opening inlet is at the edge of the gutter, and the
effective weir length is dependent on the width of the depressed gutter and the length of
the curb opening. The weir location for a curb-opening inlet that is not depressed is at
the lip of the curb opening, and its length is equal to that of the inlet, as shown in Chart
10B in Appendix 4.

The equation for the interception capacity of a depressed curb-opening inlet operating as
a weir as:

Qi=(L+1.8W)d* (4.24)
Where:

Cw=23

L= length of curb opening, (ft)

W= lateral width of depression, (ft)

d= depth at curb measured from the normal cross slop, (ft), i.e., d =T S

The weir equation is applicable to depths at the curb approximately equal to the height of
the opening plus the depth of the depression. Thus, the limitation on the use of equation
4.24 for a depressed curb-opening inlet is:

d Oh + a/12, in English Units (4.25)
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Where:

h= height of curb-opening inlet, (ft)
a= depth of depression, (in)

The weir equation for curb-opening inlets without depression becomes:
Q=CyLd" (4.26)
Without depression of the gutter section, the weir

coefficient, Cy, becomes 3.0, English system. The depth
l'imitation for operation as

At curb-opening lengths greater than 12 feet, equation
4.26 for non-depressed inlet produces intercepted flows
which exceed the values for depressed inlets computed
using equation 4.25. Since depressed inlets will perform
at least as well as non-depressed inlets of the same
length, equation 4.26 should be used for all curb-opening
inlets having lengths greater than 12 feet.

b. Inclined Throat

Curb-opening inlets operate as orifices at depths greater
than approximately 1.4 times the opening height. The
interception capacity can be computed by equation 4.27a

. . . SYEI=ST AV
and equation 4.27b. These equations are applicable to d‘:]_ =
depressed and undepressed curb-opening inlets. The
depth at the inlet includes any gutter depression. 4= 9
-’ h B
Q=CohL (2gdo)> (4.272a)
Or
N o . 05
Qi = Co Ag 22086l - 2%’ (4.27b)
é ¢ U
Where:

Co= orifice coefficient (0.67)

do= effective head on the center of the orifice throat, (ft)
L= length of orifice opening, (ft)

Ag= clear area of opening, (ft?)

di= depth at lip of curb-opening, (ft)

h= height of curb-opening orifice, (ft)

g= gravitational constant (32.2 ft/s?)
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The height of the orifice in equations 4.27a and 4.27b assumes a vertical orifice opening.
As illustrated in the adjacent figure, other orifice throat locations can change the effective
depth on the orifice and the dimension (d; i h/2). A limited throat width could reduce the
capacity of the curb-opening inlet by causing the inlet to go into orifice flow at depths
less than the height of the opening.

For curb-opening inlets with other than vertical faces, equation 4.27a can be used with:

h= orifice throat width, (ft)
do= effective head on the center of the orifice throat, (ft)

Chart 10B in Appendix 4 provides solutions for equations 4.24 and 4.27 for depressed
curb-opening inlets, and Chart 11B in Appendix 4 provides solutions for equations 4.26
and 4.27 for curb-opening inlets without depression. Chart 12B in Appendix 4 is
provided for use for curb-openings with other than vertical orifice openings.

4.5.3.3 Combination Inlets
Combination inlets consisting of a grate and a curb opening are considered advisable for

use in sags where hazardous ponding can occur. Equal length inlets refer to a grate
inlet placed along side a curb-opening inlet, both of which have the same length. A

Afsweepero inlet refers to a grate i-opereng
inlet. The curb-opening inlet is longer than the grate inlet and intercepts the flow before
the flow reaches the grate. The fisweeper 6 inl et i s more

combination inlet and the curb-opening has the ability to intercept any debris which may
clog the grate inlet. The interception capacity of the equal length combination inlet is
essentially equal to that of a grate alone in weir flow. In orifice flow, the capacity of the
equal combination inlet is equal to the capacity of the grate plus the capacity of the curb-
opening.

Equation 4.22 and Chart 9B in Appendix 4 can be used for grates in weir flow or
combination inlets in sag locations. Equations 4.24, 4.25, and 4.26 as well as Charts
10B, 11B, and 12B in Appendix 4 for curb-opening inlets are applicable assuming that
the grate is completely clogged.

Where depth at the curb is such that orifice flow occurs, the interception capacity of the
inlet is computed by adding equations 4.23 and 4.27 are as follows:

Qi=0.67Ay(29d)*>+0.67 hL(2gdo)°® (4.28)
Where:

Ag= clear area of the grate, (ft?)

g= gravitational constant (ft/s?)

d= average depth over the grate, (ft)

h= height of curb-opening orifice (ft)

L= length of curb-opening, (ft)

do= effective depth at the center of the curb opening orifice, (ft)
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Trial and error solutions are necessary for determining the depth at the curb for a given
flow rate using Charts 9B, 10B, and 11B in Appendix 4 for orifice flow. Different
assumptions for clogging of the grate can also be examined using these charts.

454 Inlet Locations
4.5.4.1 Geometric Controls

There are a number of locations where inlets may be necessary with little regard to
contributing drainage area. These locations should be marked on the plans prior to any
computations regarding discharge, water spread, inlet capacity, or flow bypass.
Examples of such locations as follows:

q At_ Io_cations on grade where the design flows exceeds the depth and spread
criteria;

At all low points (sag points) in gutters;

Immediately upgrade of median breaks and street intersections;

Immediately upgrade of roadway cross slope reversals;

Upstream and downstream of bridge locations, where applicable;

= =4 4 4 -

Behind curbs and sidewalks as necessary to drain low areas; and,

1 Atthe end of channels in cut sections.

In addition to the areas identified above, runoff from areas draining towards the highway
pavement should be intercepted by roadside channels or inlets before it reaches the
roadway. This applies to drainage from cut slopes, side streets, and other areas
alongside the pavement. Curbed pavement sections and pavement drainage inlets are
inefficient means for handling extraneous drainage.

4.5.4.2 Inlet Spacing on Continuous Grades

Design spread is the criterion used for locating storm drain inlets between those required
by geometric or other controls. Design spread criteria is presented in Table 7 in
Appendix 1. The interception capacity of the upstream inlet will define the initial spread.
As flow is contributed to the gutter section in the downstream direction, spread
increases. The next downstream inlet is located at the point where the spread in the
gutter reaches the design spread. Therefore, the spacing of inlets on a continuous
grade is a function of the amount of upstream bypass flow, the tributary drainage area,
and the gutter geometry. However, the inlets shall not be spaced any more than 600
feet apart.

For a continuous slope, the designer may establish the uniform design spacing between
inlets of a given design if the drainage area consists of pavement only or has reasonably
uniform runoff characteristics and is rectangular in shape. In this case, the time of
concentration is assumed to be the same for all inlets.
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4.6 HYDRAULIC DESIGN OF CLOSED CONDUITS

Al l closed conduits shalll be hydraulicallly

Equation, (non critical flows) expressed as follows:

Q=AV (4.29)

Q - 14[:]86 AR2/3 Sfl/2 (430)

rR= A (4.31)
P

Where:

Q = flow (ft3/s)

A = cross sectional area, (ft?)

V = velocity of flow in the conduit, (ft/s)

n = roughness coefficient of the conduit

R = hydraulic radius which is the area of flow divided by the wetted perimeter, (ft)
St = channel slope of the conduit in (ft/ft)

P = wetted perimeter, (ft)

4.6.1 Velocity in Closed Conduits

Storm sewers should operate within certain velocity limits to prevent excessive
deposition of solids due to low velocities, and to prevent invert erosion and undesirable
and hazardous outlet conditions due to excessively high velocity. Minimum and
maximum velocities for closed conduits are provided in Table 6 in Appendix 1. In
extreme conditions where the maximum velocity must be exceeded, prior approval must
be obtained from the City Engineer.

4.6.2 Roughness Coefficients for Closed Conduits

Roughness coefficients are directly related to construction procedures. When alignment
is poor and joints have not been properly assembled, extreme head losses will occur.
Coefficients used in this matter are related to construction procedures, and assume that
the pipe will be manufactured with a consistently smooth surface. Recommended
roughness coefficients are provided in Table 2 in Appendix 1.

4.6.3 Minor Head Losses in Closed Conduits

Head losses at structures shall be determined for manholes, junction boxes, wye
branches, bends, curves, and changes in pipe sizes in the design of closed conduits.
Minimum head loss used at any structure shall be 0.10 feet. Properly designed curves
may have zero losses.
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A.

Head losses and gains for wyes and pipe size changes will be calculated by the
following formulas:

Where V1 < V3 Where V1 > V2
2 2 2 2
Vit Vo Voo Vo (4.32)
29 29 49 49

and V1 is upstream velocity and V- is downstream velocity. It should be noted
that new storm sewer design shall be designed where the receiving pipe velocity
increases going downstream. Otherwise, a hydraulic jump may occur.
Deviations to this requirement shall be handled on a case by case basis by the
City Engineer.

Head losses and gains for manholes, bends, curves and junction boxes will be
calculated as shown in Table 5A and Table 5B in Appendix 1.

1) The basic equation for most cases where there is both upstream and
downstream velocity, takes the form as set forth below with the various

conditions of the coefficient #AKjQ

V 2 VA
hj=2_2 - K] 2; (4.33)
g g
Where:

Hj = junction or structure head loss, (ft)
V1 = velocity in upstream pipe, (ft/s)

V. = velocity in downstream pipe, (ft/s)

K = junction or structure coefficient of loss

2) In the case where the inlet is at the very beginning of a line, or the line is
laid with bends or obstructions, the equation is revised as follows, without
any approach velocity.

V.
hj = Kj 2 (4.34)
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5.0 OPEN CHANNELS
5.1 General

This section describes the criteria for the design of drainage channels. The minimum
slope for all proposed channels shall be 0.25%, unless otherwise approved by the City
Engineer.

The hydraulic characteristics of improved channels are to be determined through the
application of Md mn ilnigebus oEqg uMa n miniR4D can He g
used to determine the water surface profile. According the complexity of the system, the
City Engineer may require the use of the HEC-RAS Computer Program.

5.2 Cross Sections

Figure 2 in Appendix 2, contains typical sections that are to be used in the design of
open channels.

All improved channels shall be designed to carry the 25-year flow plus one foot of
freeboard. Adjacent building structures finish floor elevations shall be at least one foot
above the 100-year water surface elevation.

A dedicated drainage easement shall be provided to the City of Brookland for open
channels. The easement width shall be no less than the minimum width required to
convey the 100-year frequency runoff or 15 feet, whichever the greater.

Unlined improved channels that contain bends shall be designed such that erosion at the
bends is minimized. Erosion protection at bends shall be determined based on the
velocity along the outside of the channel bend. Unlined improved channels shall have
side slopes no steeper than 3:1 and lined channels shall have side slopes no steeper
than 2:1, unless authorized by the City Engineer. A soil analysis shall be performed to
determine the maximum slope that the soil, at the channel improvement site, can sustain
without failure.

5.3 Roughness Coefficients

The roughness coefficients that are to be used are shown in Table 4 in Appendix 1.
Variations from that which is shown must be approved by the City Engineer.

5.4 Velocity Requirements
The velocity limits for open-channel flow are given in Table 4 in Appendix 1. The

channels for which the velocity exceeds these limits shall be protected by appropriate
erosion protection or energy dissipater or both.
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55 Channel Drop Structures

The function of a drop structure is to reduce channel velocities by allowing flatter
upstream and downstream channel slopes. Sloping channel drops and vertical channel
drops are two commonly used drop structures.

The flow velocities in the channel upstream and downstream of the drop structure need
to satisfy the permissible velocities allowed for channels in Table 4 in Appendix 1. The
velocities shall be checked for flows produced by the 10-, 50- and 100-year frequency
events.

An apron shall be constructed immediately upstream of the chute to protect against the
increasing velocities and turbulence which result as the water approaches the drop
structure. The apron shall extend at least five (5) feet upstream of the point where flow
becomes supercritical. In no case shall the length of the upstream apron be less than
ten (10) feet.

An apron shall be constructed immediately downstream of the chute or stilling basin to
protect against erosion due to the occurrence of the hydraulic jump. The apron shall
extend a minimum of ten (10) feet beyond the anticipated location of the hydraulic jump.

The design of drop structures is based on the height of the drop, the normal depths
upstream and downstream of the drop structure and discharge.

5.5.1 Vertical Drop Structures

The approximate height of the drop required to stabilize the hydraulic jump should be
determined.

The drop length and the hydraulic jump length of the drop structure should be calculated
to determine the length of the downstream apron required to prevent erosion.

5.5.2 Sloping Drop Structures

The location of the hydraulic jump should be determined based on the upstream and
downstream flow depths and channel slopes.

The length of the hydraulic jump should be calculated to determine the length of the
downstream apron required to prevent erosion.
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6.0 CULVERTS
6.1 General

The design theory outlined herein is a modification of the method used in the hydraulic
design of concrete box and pipe culverts, as discussed in the Federal Highway

Admi ni strationds Hydraul i c HydraulicdesigrSoér i e s
Highway Culvertso .

The hydraulic capacity of culverts is computed using various factors and formulas.
Laboratory tests and field observations indicate that culvert flow may be controlled either
at the inlet or outlet. Inlet control involves the culvert cross-sectional area, the ponding
of headwater at the entrance, and the inlet geometry. Outlet control involves the
tailwater elevation in the outlet channel, the slope of the culvert, the roughness of the
surface and length of the culvert barrel.

6.2 Culverts Flowing with Inlet Control

Inlet control means that the discharge capacity of a culvert is controlled at the culvert
entrance by the depth of the headwater and entrance geometry, including the barrel
shape and cross-sectional area, and the type of inlet edge.

Nomographs for determining culvert capacity for inlet control are shown in Appendix 5.
These nomographs were developed by the Division of Hydraulic Research, Bureau of
Public Roads, from analysis of laboratory research reported in the National Bureau of
Standards Repor t Hyraulic Chatadteristiesrot CorhntiorlydUsed Pipe
Ent r arbgJema. French, and fHydraulics of Conventional Highway Culvertsoby H.
G. Bossy. Experimental data for box culverts with headwalls and wingwalls were
obtained from an unpublished report of the U.S. Geological Survey.

6.3 Culverts Flowing with Outlet Control

The culvert is designed so that the depth of headwater, which is the vertical distance
from the upstream culvert flow line to the elevation of the ponded water surface, does
not encroach on the allowable freeboard during the design storm.

Headwater depth, HW, can be expressed by a common equation for all outlet control
conditions:

HW =H +hoi L (So) (6.1)

HW = headwater depth in feet from the flow line of the culvert, (ft)

H = head or energy required to pass a given discharge through a culvert, (ft)

ho = vertical distance from the downstream culvert flow line to the elevation from
which H is measured, (ft)

L = length of culvert, (ft)

So = culvert barrel slope, (ft)

The head, H, is made up of three parts: including the velocity head, exist loss (Hv) and
entrance loss (He), and a friction loss (Hy). This energy is obtained from the ponding of
water at the entrance and is expressed as:
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H=Hy + He + Hf (6.2)

H= heazd or energy in feet of water
V

Hy = — Wwhere V is average velocity in culvert or —

29 A

V2

29

Hi = the energy required to overcome the friction of the culvert barrel and
expressed as:

He = Ke where Ke is the entrance loss coefficient Table 8 in Appendix 1

€29.n2L 98 V2
Hi = é———0 — (6.3)
e R" (2
Where:

n = coefficient of roughness

L =length of culvert barrel, (ft)

V = average velocity in the culvert, (ft/s)

g = gravitational acceleration (32.2 ft/s?)

R = hydraulic radius (Area / Wetted Perimter, ft)

Substituting into the previous equation:

v? ve  29mL? v2

H= " +Ke = +¢€ u _ (6.4)
Zg zg ? R 1.33 l;l zg

e u
and simplifying:

e 29.1°Lo &% g

H- al+K + e U ézgl] for full flow (6.5)
é aé " ua

For various conditions of outlet control flow, ho is calculated differently. When the
elevation of the water surface in the outlet channel is equal to or above the elevation of
the top of the culvert opening at the outlet, ho is equal to the tailwater depth or:

ho re=TW

If the tailwater elevation is below the top of the culvert opening at the outlet, ho is the
greater of two values: (1) Tailwater, TW, as defined above, or (2) (dc + D) /2, where dc =
critical depth. The critical depth, dc, for box culverts may be obtained from Appendix 5
or may be calculated from the formula:

213
Qg

de= 0.3154 =~ (6.6)
%BY,
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Where:

dc=critical depth for box culvert, (ft)
Q=discharge, (ft3/s)
B =bottom width of box culvert, (ft)

The critical depth for circular pipes may be obtained from Appendix 5, or may be
calculated by trial and error. Charts developed by the Bureau of Public Roads may be
used for determining the critical depth. Utilize values of D, A and dc, which will satisfy
the equation:

Q2 A
5D (6.7)

Where:

dc = critical depth for culvert, (ft)

Q = discharge, (ft3/s)

g = gravitational constant (32.2 ft/s?)
A = cross-sectional area, (ft?)

The equation is also applicable for trapezoidal or irregular channels, in which instances
ADO becomes the channel top width in fee
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7.0 BRIDGES

Once a design discharge and depth of flow have been established, the size of the bridge
opening may be determined. The bridge opening shall be designed so that it is in
compliance with Section 5.0 and Section 9.0 of this manual and meets all FEMA
requirements.

The bridge opening shall be designed utilizing the latest version of HEC-RAS computer
software.

Input and output data from the software shall be included within the storm drainage
calculations as required by Section 2.0 of this manual.
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8.0 DETENTION POND DESIGN

8.1 General

The purpose of stormwater detention is to protect downstream properties from flood
increases due to upstream development. Stormwater detention is required to control
peak flow at the outlet of a site such that post-development peak flows are equal to or
less than pre-development peak flows for the 2-year through 100-year design storms.

8.2 No Adverse Impact Policy

The City of Brookland has adopted the policy that runoff from new development will not
adversely affect downstream properties.

The City of Brookland retains the right to require detention in areas of known flooding
when detention will not exacerbate downstream flooding. Detention systems must be
constructed during the first phase of major developments to eliminate damage to
adjacent properties during construction. In this regard, the detention systems shall be
designed to function as sediment traps and cleaned out to proper volumes before
completion. If siltation has occurred, detention systems must be restored to their design
dimensions after construction is complete and certified as part of the as-built submittal.

8.3 Detention Reservoir Routing
The peak flow reduction obtained by a stormwater detention system can be evaluated by
performing reservoir routing calculations, usually as a trial and error process. The use of
the Storage Indication Method relationship is as follows:

a. Inflow Hydrograph

b. Stage-storage curve

c. Stage-discharge curve
Development of each of these relationships should be based on site-specific data.

8.3.1 Inflow Hydrograph

Fundamentals for the development of an inflow hydrograph for design flood conditions
presented in Section 3.
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8.3.2 Stage-Storage Curve

A stage-storage curve defines the relationship between the depth of water and storage
volume in a reservoir. An example of a stage-storage curve is shown below.

Stage (ft)
N W B g d =~

0 2 4 6 8 10

Storage (acre-ft)

8.3.2.1 Stage-Storage Calculations

Bottom Area

The volume is computed by treating it as a trapezoidal basin where:

4
V=LWD+L+WiZp+—7'p°
3
(8.1)
Where:

V = Storage at stage D (cu-ft)
D = Stage or depth (ft)

L = Bottom length (ft)

W = Bottom width (ft)

Z = Side slope, (Z:1) (H:V)

Pipe Storage

L
F=—14,+43 + 4,)
6 8.2)
Where:

V = Storage (cu-ft)

L = Pipe length (ft)

A: = Cross-sectional area of depth at downstream end
A, = Cross-sectional area of depth at upstream end

M = Cross-sectional area of depth at midsection

When the pipe slope is zero, Volume = LA;
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Contours

The average-end-area method may be applied vertically or the Conic method. The conic
method uses the following equation:

. =d[A1+u"A1Az+Az]

3

(8.3)
Where:

V = Storage (cu-ft)

d = Change in elevation between points 1 and 2
A: = Surface area at elevation 1 (sg-ft)

A, = Surface area at elevation 2 (sg-ft)

8.3.3 Stage-Discharge Curve
A stage-discharge curve defines the relationship between the depth of water and the

discharge or outflow from a storage basin. An example of a stage-discharge curve is
shown below.

Stage (ft)
N W R O N

0 50 100 150 200 250
Discharge (cfs)

A typical stormwater storage basin has two spillways: principal and emergency. The
principal spillway is usually designed with a capacity sufficient to convey the design
storm without allowing flow to enter the emergency spillway. The emergency spillway is
sized to provide a bypass for stormwater during a storm that exceeds the design
capacity of the principal spillway.
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8.3.3.1 Stage-Discharge Calculations

Culverts/Orifices

The equation used for culvert/orifice structures is:

dgk
0=C,Al : x VB
(8.4)

Under Inlet Control

Q = Discharge, (cfs)

A = Culvert area, (sg-ft)

h = Distance between the water surface and the centroid of the culvert barrel (1/2 flow
depth during partial flow), (ft)

Ny = Number of barrels

C, = Orifice coefficient

k=1

Under Outlet Control

Q = Discharge, (cfs)

A = Culvert area, (sg-ft)

h = Distance between the upstream and downstream water surface
Nb = Number of barrels

Co=1

k = 1.5 + [(20n°L)/R*37]

n=Ma n n i mvgldes

L = Culvert length, (ft)

R = Area/wetted perimeter, (ft)

i / Embank t
— rmbankmen
Ihm / “‘“ﬁ
| 1Rise
L

o L
-

-

Profile of typical culvert
h(i) is the head under inlet control. H(o)under outlet control.

45 Section 8
Detention Pond Design




City of Brookland Stormwater Drainage Design Manual

Weirs

The basic equations used to calculate weir flow are:

Rectangular, Cipoletti, Broad Crested & Riser

— 1.5
Where:

Q = Discharge over weir, (cfs)

L = Length of the weir crest, (ft)

H = Distance between water surface and the crest, (ft)
Cw = Weir coefficient, typically 3.33

V-notch

-
i

0= 1.33;%(5) B
(8.6)

Where:
Q = Discharge over weir, (cfs)

b = Angle of v-notch, (deg)
H = Head on apex of v-notch, (ft)

7 TN, i
} Crest Elev.
3
o Cretlength | Crest Length |
Rectangular YWeir Cipoletti Weir
Crest Elev.
v o
Crest Length
H—— Crest Ele.
V-notch Weir
[Gthrough 120 degrees) Riser Structure

Adjustment for Submerged Weirs

Rectangular, V-notch, and Cipoletti weirs are affected by submergence when the
tailwater rises above the crest, as shown below. The result will be that the discharge
over the weir will be reduced.
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Submerged Weir

The equation for the reduction in flow is:

0385

15
Os = Or 1—(” 3]
i1

(8.7)
Where:

Qs = Submerged flow, (cfs)

Qr = Unsubmerged flow from standard weir equations
H: = Upstream head above crest, (ft)

H. = Downstream head above crest, (ft)

Routing fundamentals

Reservoir routing is the process of passing a flood hydrograph through a storage
reservoir or detention pond. This process changes the pattern of flow with respect to
time but conserves volume. The purpose of reservoir routing is usually to reduce the
peak flow to a predetermined level or to delay the peak. The routing procedure is known
as the Storage Indication Method and begins with a stage/storage/discharge
relationship, an inflow hydrograph and is based entirely on the continuity equation.

—o=%
dt (8.8)

Where:

| = Inflow;
O = Ouitflow;
ds/dt = change in storage

Limitations

The most common type of detention routing problem requires knowing the design storm
period or inflow hydrograph and peak outflow or allowable discharge from the detention
basin. A trial and error procedure is used to calculate the storage volume required.

A less common routing problem involves preventing storage basin overflow during the
design for a given basin size and return period. In such a case, the magnitude of the
peak flow reduction is fixed. A trial and error procedure will be required to find a
solution, as only the stage-storage curve is known explicitly.
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8.3.4 Dry Reservoirs (Ponds)

Wet weather ponds or dry reservoirs shall be designed with proper safety, stability, and
ease of maintenance. Maximum side slopes for grass reservoirs shall not exceed one
(1) foot vertical for three (3) feet horizontal (3:1) unless adequate measures are included
to provide for the above noted features. In no case shall the limits of the maximum
water surface elevation be less than one (1) foot vertically below the lowest floor
elevation of any adjacent structure.

The entire reservoir area shall be seeded, fertilized, mulched, sodded or paved as
required for acceptance by the City Engineer. Overflow areas shall be protected against
erosive velocities.

8.3.5 Open Channels

Normally permitted open channels may be used as detention areas provided that the
limits of the maximum design water surface elevation are not less than one (1) foot
below the lowest floor elevation of any adjacent structure. No detention will be permitted
within public road rights-of-way unless approval is given by the City of Brookland.

8.3.6 Wet Reservoirs (Ponds)

Permanent lakes with fluctuating volume controls may be used as retention areas
provided that the limits of the maximum water surface elevation are not less than one (1)
foot below the lowest floor elevation of any adjacent structure.

Maximum side slopes for the fluctuating area of permanent lakes shall be one (1) foot
vertical to three (3) feet horizontal (3:1) unless provisions are included for safety,
stability, and ease of maintenance.

Special consideration shall be given to safety and accessibility in design of permanent
lakes in residential areas. Typical items to be considered are: tops with grate openings
on riser structures, 66 to 1006 ®Bidddesaiv
pool elevation, trash and/or safety racks on pipe inlets and outlets, danger/warning
signs, fencing, etc.

An analysis shall be furnished of any proposed earthen dam construction soil. A boring
of the foundation for the earthen dam may be requested by the City Engineer. Earthen
dam structures shall be designed by a licensed Professional Engineer in the State of
Arkansas.

8.3.7 Parking Lots

Detention in parking lots is not permitted except in those instances where the parking
serves lot serves as overflow storage for those storms above the 10-year storm event.
In this instance detention is permitted to a maximum depth of six (6) inches. In no case
should the maximum limits or storage be designed closer than ten (10) feet from a
building unless waterproofing of the building and pedestrian accessibility are properly
documented and approved. The maximum design water surface elevation should be no
less than one (1) foot below the lowest floor of any adjacent structure.
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8.3.8 Control Structures

The 100-year frequency storm is to be used to determine the volume of detention
storage required. In addition, the outlet structure shall be designed such that peak
discharges for the fully urbanized development are not increased for the pre-developed
storm frequencies of the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year storm
events.

Detention facilities shall be provided with obvious and effective control structures. Plan
view and sections of the structure with adequate details shall be included in plans.

The maximum discharge shall be designed to take place under total anticipated design-
head conditions.

Sizing of the low-flow pipe shall be by inlet control, hydrologic control, and hydrologic
gradient requirements. Low-flow pipes shall not be smaller than twelve (12) inches in
diameter to minimize maintenance and operating problems except in parking lot and roof
retention where minimum size of openings shall be designed specifically for each
condition. A bar-screen on a minimum (3:1) slope to reduce blockage by debris is
suggested on the flow-pipe.

Where the outflow structure conveys flow through the embankment in a conduit, the
conduit shall be reinforced concrete or an approved alternate designed to withstand
external loads. The conduit is to withstand the internal hydraulic pressure without
leakage under full external load or settlement, and must convey water at the design
velocity without damage to the interior surface of the conduit.

The outflow structure shall discharge flows into the natural stream or unlined channels at
a non-erosive rate in accordance with the requirements of this design manual.

Earth embankments used to impound required detention volume shall be constructed
according to specifications for fill based on a Geotechnical Investigation of the site. The
Geotechnical investigation shall be performed by a registered Professional Engineer in
the State of Arkansas, who has an emphasis in geotechnical analysis and shall include,
as a minimum, the type of material to be used, water content, liquid limit, plasticity index,
and desired compaction.

8.3.9 Emergency Spillways

An emergency spillway or overflow area shall be provided at the maximum 100-year
pool level. Spillways shall be designed for the 500-year design storm. This design
criteria shall apply to all dams with normal storage greater than or equal to one (1) acre-
ft or have a dam height of five (5) Rues
Governing Design and Operation of Dams o
Resource Commission.
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9.1

9.0 FLOODPLAIN GUIDELINES

General Standards

The following standards apply to all developments in Special Flood Hazard Areas,
regardless of the type of proposed development or the Risk Zone of the proposed site:

(1)

(2)

3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

All new and substantial construction or substantial improvements shall be
designed (or modified) and adequately anchored to prevent flotation, collapse or
lateral movement of the structure resulting from hydrodynamic and hydrostatic
loads, including the effects of buoyancy;

All new construction or substantial improvements shall be constructed by
methods and practices that minimize flood damage;

All new construction or substantial improvements shall be constructed with
materials resistant to flood damage;

All critical facilities constructed or substantially improved in Special Flood Hazard
Areas (SFHA) must be constructed or modified to exceed 500-year flood
protection standards or located outside the SFHA,;

The placement or construction of all new structures must be in full compliance
with the provisions of this Code;

For the purposes of this Code, all mixed-use structures are subject to the more
stringent requirements of residential structures;

A substantial improvement or substantial damage to an existing structure triggers
a requirement to bring the entire structure into full compliance with the provisions
of this Code. The existing structure, as well as any reconstruction, rehabilitation,
addition, or other improvement, must meet the standards of new construction in
this Code;

Any improvement to an existing structure that is less than a substantial
improvement requires the improvement, but not the existing structure, to be in full
compliance with the provisions of this Code;

All manufactured homes to be placed within a Special Flood Hazard Area on a
community's FIRM shall be installed using methods and practices which minimize
flood damage. For the purposes of this requirement, manufactured homes must
be elevated and anchored to resist flotation, collapse, or lateral movement.
Methods of anchoring may include, but are not limited to, use of over-the-top or
frame ties to ground anchors. This requirement is in addition to applicable State
and local anchoring requirements for resisting wind forces. Screw augers or
expanding anchors will not satisfy the requirement of this provision;

The design or location of electrical, heating, ventilation, plumbing, and air
conditioning equipment for new structures, or for any improvements to an
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(11)

(12)

(13)

(14)

(15)

(16)

17

existing structure, must be elevated one (1) foot above the Base Flood Elevation
(BFE); (Ord. No. 10:099, §1, 01-18-2011)

The design of all new and replacement water supply systems must minimize or
eliminate infiltration of floodwaters into the system during base flood events;

The design of all new and replacement sanitary sewage systems must minimize
or eliminate infiltration of floodwaters into the system during flooding events, and
must prevent sewage discharge from the systems into floodwaters;

The placement of on-site waste disposal systems must avoid impairment to, or
contamination from, the disposal system during base flood events;

Construction of basement foundations in any Special Flood Hazard Area is
prohibited,;

New construction and substantial improvements, with fully enclosed areas (such
as garages and crawlspaces) below the lowest floor that are usable solely for
parking of vehicles, building access or storage in an area other than a basement
and which are below the base flood elevation shall be designed to automatically
equalize hydrostatic flood forces on exterior walls by allowing for the entry and
exit of floodwaters. Designs for meeting this requirement must either be certified
by a registered professional engineer or architect or meet or exceed the following
minimum criteria:

@) A minimum of two (2) openings on separate walls having a total net area
of not less than one (1) square inch for every square foot of enclosed
area subject to flooding shall be provided;

(b) The bottom of all openings shall be no higher than one (1) foot above
grade;

(c) Openings may be equipped with screens, louvers, valves, or other
coverings or devices provided that they permit the automatic entry and
exit of floodwaters.

The placement of recreational vehicles (RV) in Special Flood Hazard Areas must
either:

@) Be temporary, as demonstrated by the RV being fully licensed, being on
wheels or a jacking system, attached to the site only by quick disconnect
type utilities and security devices, having no permanently attached
additions, and being immobile for no more than 180 consecutive days; or
else

(b) Meet all provisions of this Code applicable to manufactured home
structures.

All proposals for the development of a residential subdivision, commercial
business park or manufactured home park/subdivision must have public utilities

51 Section 9
Floodplain Guidelines




City of Brookland Stormwater Drainage Design Manual

and facilities such as sewer, gas, electrical and water systems located and
constructed to minimize or eliminate flood damage;

(18) All proposals for the development of a residential subdivision, commercial
business park or a manufactured home park/subdivision must include an
adequate drainage plan to reduce exposure to flood hazards; and,

(19) All proposals for the development of a commercial business park or a
manufactured home park/subdivision must include an adequate evacuation plan
for the escape of citizens from affected nonresidential structures during flooding
events.

(20) A minimum of a ten (10) foot buffer shall be placed between any structure and
the floodway.

(21) The cost of any reconstruction, remodeling, addition or improvement to a
structure in a Special Flood Hazard Area in the preceding three (3) years shall be
considered as part of the current improvement costs in the substantial
improvement determination, unless the specific improvements are otherwise
excluded by definition. (Ord. No. 11:013, 81, 02-15-2011)

9.2 RISK ZONE SPECIFIC STANDARDS

In addition to the General Standards, the following standards apply to specific
development types in specific Risk Zones. Risk Zones listed in this Code that do not
appear on the current FIRM are not applicable.

@ In AE Risk Zones: Special Flood Hazard Areas with base floods determined

(@) For Residential Structures in Zone AE:

1. For all new residential structures, the top surface of the lowest
floor must have an elevation (1 feet or more) above the published
BFE. This elevation must be documented on an Elevation
Certificate properly completed by a Professional Engineer,
Surveyor, or Architect licensed to practice in the State of
Arkansas.

2. For all substantial improvements or substantial damage to existing
residential structures, the entire structure becomes subject to the
requirements of a new residential structure.

3. For any reconstruction, rehabilitation, addition, or other
improvement to an existing residential structure that is less than a
substantial improvement, only the improved area, but not the
entire structure, becomes subject to the requirements of a new
residential structure.
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(b) For Nonresidential Structures in Zone AE:

1. All new commercial, industrial or other nonresidential structures
must either:

a. have the lowest floor (including basement) elevated (1 feet
or more) above the base flood level or

b. be floodproofed such that, together with attendant utility
and sanitary facilities, be designed so that below (an
elevation of 2 feet above) the base flood level the structure
is watertight with walls substantially impermeable to the
passage of water and with structural components having
the capability of resisting hydrostatic and hydrodynamic
loads and effects of buoyancy. (Ord. No. 11:059, 81, 09-
20-2011)

C. a registered professional engineer or architect shall
develop and/or review structural design, specifications, and
plans for the construction, and shall certify on a
Floodproofing Certificate that the design and methods of
construction are in accordance with accepted standards of
practice as outlined in this subsection. A record of such
certification which includes the specific elevation (in
relation to mean sea level) to which such structures are
floodproofed shall be maintained by the Floodplain
Administrator.

2. For all substantial improvements or substantial damage to existing
commercial, industrial or other nonresidential structures the entire
structure becomes subject to the requirements of a new
nonresidential structure.

3. For any reconstruction, rehabilitation, addition, or other
improvement to an existing nonresidential structure that is less
than a substantial improvement, only the improved area, but not
the entire structure, becomes subject to the requirements of a new
nonresidential structure.

(c) For Manufactured Homes in Zone AE:

1. All manufactured homes that are placed or substantially improved
on sites:
a. outside of a manufactured home park or subdivision,
b. in a new manufactured home park or subdivision,
C. in an expansion to an existing manufactured home park or
subdivision, or
d. in an existing manufactured home park or subdivision on

which a manufactured home has incurred "substantial
damage"” as a result of a flood, be elevated on a
permanent foundation such that the lowest floor of the
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manufactured home is elevated (1 feet or more) above the
base flood elevation and be securely anchored to an
adequately anchored foundation system to resist flotation,
collapse, and lateral movement.

Require that manufactured homes be placed or substantially
improved on sites in an existing manufactured home park or
subdivision on the community's FIRM that are not subject to the
provisions of paragraph (1.) of this section be elevated so that
either:

a. the lowest floor of the manufactured home is (1 feet or
more) above the base flood elevation, or
b. the manufactured home chassis is supported by reinforced

piers or other foundation elements of at least equivalent
strength that are no less than 36 inches in height above
grade and be securely anchored to an adequately
anchored foundation system to resist flotation, collapse,
and lateral movement.

For all substantial improvements or substantial damage to existing
manufactured home, the entire structure becomes subject to the
requirements of a new manufactured home.

For any reconstruction, rehabilitation, addition, or other
improvement to an existing manufactured home that is less than a
substantial improvement, only the improved area, but not the
entire structure, becomes subject to the requirements of a new
manufactured home.

(d) Where FEMA has not established a regulatory floodway in Zone AE, no
Floodplain Development Permit may be issued unless a detailed
engineering analysis is submitted along with the application that
demonstrates the increase in base floodwater elevation due to the
proposed development and all cumulative developments since the
publication of the current FIRM will be less than 1 foot.

(2 Floodways - High risk areas of stream channel and adjacent floodplain

a) Developments in regulatory floodways are prohibited, unless:

1.

A No-Rise Certificate, signed and stamped by a Professional
Engineer licensed to practice in the State of Arkansas, is
submitted to demonstrate through hydrologic and hydraulic
analyses performed in accordance with standard engineering
practice that the proposed development would not result in any
increase in flood levels within the community during the
occurrence of a base flood event; or

All requirements of 44 CFR 865.12 are first met.
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b) No Manufactured Home may be placed in a regulatory floodway,
regardless of elevation height, anchoring methods, or No-Rise
Certification.

3) In AH or AO Risk Zones: Special Flood Hazard Areas of shallow flooding

(a) For Residential Structures in Zones AH or AQ:

1. All new residential structures must be constructed with the top
surface of the lowest floor elevated (1 feet or more) above the
published BFE, or (2 feet or more) above the highest adjacent
grade in addition to the depth number specified (at least 2 feet if
no depth number is specified) on the community's FIRM. This
elevation must be documented on an Elevation Certificate
properly completed by a Professional Engineer, Surveyor or
Architect licensed to practice in the State of Arkansas.

2. For all substantial improvements or substantial damage to existing
residential structures the entire structure becomes subject to the
requirements of a new residential structure.

3. For any reconstruction, rehabilitation, addition, or other
improvement to an existing residential structure that is less than a
substantial improvement, only the improved area, but not the
entire structure, becomes subject to the requirements of a new
residential structure

(b) For Nonresidential Structures in Zones AH or AO:

1. All new commercial, industrial or other nonresidential structure
must either:
a. have the top surface of the lowest floor elevated (1 feet or

more) above the published BFE, or (2 feet or more) above
the highest adjacent grade in addition to the depth number
specified (at least 2 feet if no depth number is specified) on
the community's FIRM, with documentation on an
Elevation Certificate properly completed by a Professional
Engineer, Surveyor or Architect licensed to practice in the
State of Arkansas; or

b. be floodproofed such that the structure, together with
attendant utility and sanitary facilities be designed so that
below (2_feet or more) above the published BFE in Zone
AH, or (2 feet or more) above the base specified flood
depth in an AO Zone, the structure is watertight with walls
substantially impermeable to the passage of water and
with structural components having the capability of
resisting hydrostatic and hydrodynamic loads of effects of
buoyancy. (Ord. No. 11:059, § 1, 09-20-2011)
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For all substantial improvements or substantial damage to existing
commercial, industrial or other nonresidential structures the entire
structure becomes subject to the requirements of a new
nonresidential structure.

For any reconstruction, rehabilitation, addition, or other
improvement to an existing nonresidential structure that is less
than a substantial improvement, only the improved area, but not
the entire structure, becomes subject to the requirements of a new
nonresidential structure.

(c) For Manufactured Homes in Zones AH or AO:

1.

All manufactured homes that are placed or substantially improved
on sites:

a. outside of a manufactured home park or subdivision,

b. in a new manufactured home park or subdivision,

C. in an expansion to an existing manufactured home park or
subdivision, or

d. in an existing manufactured home park or subdivision on

which a manufactured home has incurred "substantial
damage" as a result of a flood, be elevated on a
permanent foundation such that the lowest floor of the
manufactured home is elevated (1 feet or more) above the
published BFE, or (2 feet or more) above the highest
adjacent grade in addition to the depth number specified
(at least 2 feet if no depth number is specified) on the
community's FIRM, and be securely anchored to an
adequately anchored foundation system to resist flotation,
collapse, and lateral movement.

Require that manufactured homes be placed or substantially
improved on sites in an existing manufactured home park or
subdivision on the community's FIRM that are not subject to the
provisions of paragraph 1. of this section be elevated so that
either:

a. the lowest floor of the manufactured home meets the
elevation standard of paragraph 1., or
b. the manufactured home chassis is supported by reinforced

piers or other foundation elements of at least equivalent
strength that are no less than 36 inches in height above
grade and be securely anchored to an adequately
anchored foundation system to resist flotation, collapse,
and lateral movement.

For all substantial improvements or substantial damage to existing
manufactured home, the entire structure becomes subject to the
requirements of a new manufactured home.
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(d)

()

4. For any reconstruction, rehabilitation, addition, or other
improvement to an existing manufactured home that is less than a
substantial improvement, only the improved area, but not the
entire structure, becomes subject to the requirements of a new
manufactured home.

Where FEMA has not established a regulatory floodway in Zones AH or
AO, no Floodplain Development Permit may be issued unless a detailed
engineering analysis is submitted along with the application that
demonstrates the increase in base floodwater elevation due to the
proposed development and all cumulative developments since the
publication of the current FIRM will be less than 1 foot.

Require adequate drainage paths around structures on slopes, to guide
flood waters around and away from proposed structures.

4) In i A ®isk Zones: Special Flood Hazard Areas with no base flood elevations
determined
@) InZone A, Theappl i cant or the applicant

(b)

()

flood elevation prior to construction. The BFE will be based on a source
or method approved by the local Floodplain Administrator.

For Residential Structures in Zone A:

1. For all new residential structures, the top surface of the lowest
floor must have an elevation (1 feet or more) above the BFE. This
elevation must be documented on an Elevation Certificate
properly completed by a Professional Engineer, Surveyor or
Architect licensed to practice in the State of Arkansas.

2. For all substantial improvements or substantial damage to existing
residential structures, the entire structure becomes subject to the
requirements of a new residential structure.

3. For any reconstruction, rehabilitation, addition, or other
improvement to an existing residential structure that is less than a
substantial improvement, only the improved area, but not the
entire structure, becomes subject to the requirements of a new
residential structure.

For Nonresidential Structures in Zone A:

1. All new commercial, industrial or other nonresidential structures
must either:

a. have the lowest floor (including basement) elevated (1 feet
or more) above the base flood level or

a. be floodproofed such that, together with attendant utility
and sanitary facilities, be designed so that below (an
elevation of 2 feet above)the base flood level the structure
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is watertight with walls substantially impermeable to the
passage of water and with structural components having
the capability of resisting hydrostatic and hydrodynamic
loads and effects of buoyancy. (Ord. No. 11:059, § 1, 09-
20-2011)

C. A registered professional engineer or architect shall
develop and/or review structural design, specifications, and
plans for the construction, and shall certify on a
Floodproofing Certificate that the design and methods of
construction are in accordance with accepted standards of
practice as outlined in this subsection. A record of such
certification which includes the specific elevation (in
relation to mean sea level) to which such structures are
floodproofed shall be maintained by the Floodplain
Administrator.

For all substantial improvements or substantial damage to existing
commercial, industrial or other nonresidential structures the entire
structure becomes subject to the requirements of a new
nonresidential structure.

For any reconstruction, rehabilitation, addition, or other
improvement to an existing nonresidential structure that is less
than a substantial improvement, only the improved area, but not
the entire structure, becomes subject to the requirements of a new
nonresidential structure.

(d) For Manufactured Homes in Zone A:

1.

All manufactured homes that are placed or substantially improved
on sites:

a. outside of a manufactured home park or subdivision,

b. in a new manufactured home park or subdivision,

C. in an expansion to an existing manufactured home park or
subdivision, or

d. in an existing manufactured home park or subdivision on

which a manufactured home has incurred "substantial
damage" as a result of a flood, be elevated on a
permanent foundation such that the lowest floor of the
manufactured home is elevated (1 feet or more) above the
base flood elevation and be securely anchored to an
adequately anchored foundation system to resist flotation,
collapse, and lateral movement.

Require that manufactured homes be placed or substantially
improved on sites in an existing manufactured home park or
subdivision on the community's FIRM that are not subject to the
provisions of paragraph (1.) of this section be elevated so that
either:
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a. the lowest floor of the manufactured home is (1 feet or
more) above the base flood elevation, or
b. the manufactured home chassis is supported by reinforced

piers or other foundation elements of at least equivalent
strength that are no less than 36 inches in height above
grade and be securely anchored to an adequately
anchored foundation system to resist flotation, collapse,
and lateral movement.

3. For all substantial improvements or substantial damage to existing
manufactured home, the entire structure becomes subject to the
requirements of a new manufactured home.

4, For any reconstruction, rehabilitation, addition, or other
improvement to an existing manufactured home that is less than a
substantial improvement, only the improved area, but not the
entire structure, becomes subject to the requirements of a new
manufactured home.

(e) Base flood elevation data and a regulatory floodway, utilizing accepted
engineering practices, shall be generated for subdivision proposals and
other proposed development including the placement of manufactured
home parks and subdivisions which is greater than 50 lots or 5 acres,
whichever is lesser, if not otherwise provided.

9.3 Hydrology

Any hydrologic study performed within the City of Brookland must comply with the
guidelines set forth in this manual. This includes submitting a hydrologic work map that
includes watershed boundaries, and all other hydrologic parameters. If the Design
Engineer wishes to use an alternative hydrologic analysis methodology, the City
Engineer shall be consulted prior to the start of the analysis. In locations where FEMA
hydrology exists, the FEMA hydrology model shall be used. FEMA models shall be
updated, as deemed necessary, by the City Engineer to simulate current development
within the drainage basin.

94 Hydraulics

Any moadification to a floodway or floodplain where no floodway has been determined
within the City of Brookland requires a hydraulic study, performed by a Professional
Engineer licensed in the State of Arkansas. All hydraulic studies along water courses
must comply with FEMA®&s guidelines.

The Corps of Engineers HEC-RAS computer program shall be used to compute the
water surface elevation. To do so, cross sections along the watercourse must be no
greater than 400 ft. apart for tangent sections of channel and no greater than 200 ft.
apart for curvilinear sections of channel unless otherwise approved by the City Engineer.
Roughness values shall be determined based on values in Table 4 in Appendix 1. A
printout of the computer model as well as an electronic copy of the HEC-RAS files shall
be submitted with the Hydraulic Report for any work proposed in the floodplain. All
hydraulic models shall conform to survey control requirement of Section 2.2.
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Table 4 in Appendix 1, shows the maximum permissible velocities that are to be allowed
in the channel. Velocities above that which are shown in this table, must be reduced or
approved by the City Engineer.

9.5 SFHA Submittals

(1) Elevation Certificates

(b) Minimum requirements for all elevation certificate submittals are as
follows:

1. Submit two original copies of all elevation certificates with
permit applications;

2. The basis for all base flood elevations in Zone AE areas shall
be determined using the FIS Profiles, not scaled off the FIRM;

3. Provide at least two site pictures and a vicinity map with all
submittals (includes pre-construction elevation certificates).
The vicinity map shall depict, at a minimum, the following:

a. Location of floodplain and floodway (where floodway is
applicable);

b. Property Lines (Plat of Survey);

C. Spot elevation for all pertinent data to include all utilities

servicing the building;

d Adjacent waterway name;

e. Surrounding street names;

f. Location of utilized benchmark;

g Dimensioned location of building on property;
h North arrow; and,
i. Scale

(2) Letter of Map Change

@) For letters of map change, submit all FEMA requirements and forms
requested included in the MT-1, MT-2, and MT-EZ standard
application packs;

(b) As-built or topographic surveys are required for all LOMR-F submittals.
These surveys shall depict, at a minimum, the following:

Location of floodplain and floodway (where floodway is applicable),
Adjacent waterway name;

Surrounding street names;

Location of utilized benchmark;

Location of property and buildings;

Spot elevations;

Natural ground contours (maximum one foot contour interval);
North arrow; and,

Nk~ wNE
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9. Scale

All SFHA submittals must comply with all guidelines set forth in this manual and all
utilized survey control must be based on state or federal published benchmarks.
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10.0 EROSION CONTROL
10.1 General

Any development within the City of Brookland Planning jurisdiction must comply with the
Arkansas Water and Air Pollution Control Act (Act 472 of 1949, as amended, Ark. Code
Ann. 8-4-101 et seq.) and the Clean Water Act (33 U.S,C. 1251 et seq.), and shall obtain
authorization to discharge storm water associated with construction activity under the
National Pollutant Discharge Elimination System (NPDES) permit program administered
by the Arkansas Department of Environmental Quality (ADEQ). Eligibility and permit
requirements for this program are provided in Appendix 7.

In addition to the Federal and State requirements, any development within the City of
Brookland Planning jurisdiction shall comply with the provisions of Section 2.3, 2.6
(B)(3), and Section 3.3 of the Stormwater Management Regulations.

10.2 Environmental Protection Agency BMP & s

In 1996, under a cooperative agreement between the American Society of Civil
Engineers (ASCE) and the U.S. Environmental Protection Agency (USEPA) the
International Stormwater Best Management Practices (BMP) Database was developed
monitoring the performance of BMP techniques. All BMP studies, performance analysis
results, tools for use in BMP performance studies, monitoring guidance and other study-
related publications can be found at www.bmpdatabase.org. This website provides
scientifically sound information to improve the design, selection and performance of
BMPs . Designers shalll utilize appropriat
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Roughness Coefficients for Closed Conduits*
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TABLE 2

Material of New Construction

Recommended Roughness Coefficient, n

Concrete Pipe Storm Sewer

0.013

Corru’gated Metal Pipe Culverts

0.024

Material of Existing Systems

Recommended Roughness Coefficient, n

Concrete Pipe Storm Sewer

Fair Alignment, Ordinary Joints 0.015
Poor Alignment, Poor Joints 0.017
Concrete Pipe Culverts 0.012
Corrugated Metal Pipe Culverts 0.030

*Note: For materials other then those listed here, use manufacturer's

suggestion and/or City Engineers recommendations.
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Chapter 2 Estimating Runoff Technical Release 55
Urban Hydrology for Small Watersheds
Table 2-1 Runoff depth for selected C N &asd rainfall amounts 1/
|
Runoff depth for curve number offi
Rainfall 40 45 50 55 60 65 70 75 80 85 90 95 98
inches
1.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.17 0.32 0.56 0.79
1.2 .00 .00 .00 .00 .00 .00 .03 .07 A5 27 46 74 .99
14 .00 .00 .00 .00 .00 .02 .06 A3 24 .39 .61 .92 1.18
1.6 .00 .00 .00 .00 .01 .05 A1 .20 34 .52 .76 111 1.38
18 .00 .00 .00 .00 .03 .09 A7 .29 44 .65 .93 1.29 1.58
2.0 .00 .00 .00 .02 .06 14 .24 .38 .56 .80 1.09 1.48 1.77
25 .00 .00 .02 .08 A7 .30 46 .65 .89 1.18 153 1.96 2.27
3.0 .00 .02 .09 19 .33 .51 71 .96 1.25 159 1.98 2.45 2.77
35 .02 .08 .20 .35 .53 .75 1.01 1.30 1.64 2.02 2.45 2.94 3.27
4.0 .06 .18 33 .53 .76 1.03 1.33 1.67 2.04 2.46 2.92 3.43 3.77
45 14 .30 .50 74 1.02 1.33 1.67 2.05 2.46 2.91 3.40 3.92 4.26
5.0 24 A4 .69 .98 1.30 1.65 2.04 2.45 2.89 3.37 3.88 4.42 4.76
6.0 .50 .80 1.14 152 1.92 2.35 2.81 3.28 3.78 4.30 4.85 541 5.76
7.0 .84 1.24 1.68 212 2.60 3.10 3.62 4.15 4.69 5.25 5.82 6.41 6.76
8.0 1.25 1.74 2.25 2.78 3.33 3.89 4.46 5.04 5.63 6.21 6.81 7.40 7.76
9.0 171 2.29 2.88 3.49 4.10 4.72 5.33 5.95 6.57 7.18 7.79 8.40 8.76
10.0 2.23 2.89 3.56 4.23 4.90 5.56 6.22 6.88 7.52 8.16 8.78 9.40 9.76
11.0 2.78 3.52 4.26 5.00 5.72 6.43 7.13 7.81 8.48 9.13 9.77 10.39 10.76
12.0 3.38 4.19 5.00 5.79 6.56 7.32 8.05 8.76 945 10.11 10.76 11.39 11.76
13.0 4.00 4.89 5.76 6.61 7.42 8.21 8.98 9.71 1042 1110 1176 1239 12.76
14.0 4.65 5.62 6.55 7.44 8.30 9.12 9.91 10.67 11.39 12.08 12.75 1339 13.76
15.0 5.33 6.36 7.35 8.29 9.19 10.04 10.85 11.63 1237 13.07 13.74 1439 14.76
1/ Interpolate the values shown to obtain runoff depths for CN's or rainfall amounts not shown.
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Chapter 2 Estimating Runoff Technical Release 55
Urban Hydrology for Small Watersheds

Table 2-2a  Runoff curve numbers for urban areas ¥

|
Curve numbers for
Cover description e hydrologic soil group -------------
Average percent
Cover type and hydrologic condition impervious area 2 A B C D

Fully developedurban areas (vegetationestablished)

Open space (lawns, parks, golf courses, cemeteries, etc.) ¥
Poor condition (grass cover < 50%) 68 79 86 89
Fair condition (grass cover 50% to 75%) .
Good condition (grass cover > 75%)
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right -Of-Way) .......ccceeiiriereieereese e 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding

39 61 74 80

QN =Of-WAY) ..ot e 98 98 98 98
Paved; open ditches (including right -of-way) ...........ccccoeeueunne 83 89 92 93
Gravel (including right -0f-way) ..o 76 85 89 91
Dirt (including right -0f-Way) .......ccccoevrnieinnreerreerseiene 72 82 87 89
W :stern desert urban areas:
Natural desert landscaping (pervious areas only) 4 .................... 63 77 85 88

Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch

and basin DOrders) ... 96 96 96 96
U Hoan districts:
Commercial and DUSINESS ..o 85 89 92 94 95
INAUSEIIAL e 72 81 88 91 93
R sidential districts by average lot size:
1/8 acre or [eSS (tOWN NOUSES) ......ccveriieiiiiiriieieeiesee e 65 77 85 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
lacre ... 20 51 68 79 84
2UACTES ...t 12 46 65 77 82
Developing urban areas
Newly graded areas
(pervious areas only, no vegetation) ¥ 77 86 91 94
Il dle Iands (CN&ds are determined using cover types

similar to those in table 2 -2c).

1 Average runoff condition, and la=0.2S.

2 The average percent impervious area shown was used to develop the composite C N 6 Gther assumptions are as follows: impervious areas are
directly connectedto the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open spacein
goodhydrologic condition. C N &a other combinations of conditions may be computed using figure 2-3 or 2-4.

3CNO6s shown are equivalent to those of pasture. Composite CNOs may be
cover type.

4 Composite C N &a natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN =98) and the pervious area CN. The pervious area C N Gage assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite C N &asuse for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the C N & the newly graded pervious areas.
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Chapter 2 Estimating Runoff Technical Release55
Urban Hydrology for Small Watersheds

Table 2-2b  Runoff curve numbers for cultivated agricultural lands Y
|

Curve numbers for

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

1 Average runoff condition, and 1.=0.2S

2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.

3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas,
(b) amount of year-round cover, (c) amount of grass or close-seededlegumes, (d) percent of residue cover on the land surface (good? 20%),
and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Chapter 2 Estimating Runoff

Technical Release55
Urban Hydrology for Small Watersheds

Table 2-2¢  Runoff curve numbers for other agricultural lands Y

|
Curve numbers for
———————————————————————— Cover description  ----------------~~——--- -------- hydrologic soil group ---------
Hydrologic
Cover type condition A B C D
Pasture, grassland, or rangefi continuous Poor 68 79 86 89
forage for grazing. 2 Fair 49 69 79 84
Good 39 61 74 80
Meadowrfi continuous grass, protected from f 30 58 71 78
grazing and generally mowed for hay.
Brush fi brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. ¥ Fair 35 56 70 77
Good 304 48 65 73
Woodsfi grass combination (orchard Poor 57 73 82 86
or re€ 1arm). rair 43 ob /o 82
Good 32 58 72 79
Woods.¥ Poor 45 66 77 83
Fair 36 60 73 79
Good 304 55 70 77
Farmsteads fi buildings, lanes, driveways, f 59 74 82 86
and surrounding lots.
1 Average runoff condition, and l.=0.2S.
2 Poor: <50%) ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: > 75% ground cover and lightly or only occasionally grazed.
3 Poor. <50%ground cover.
Fair:  50to 75% ground cover.
Good: >75% ground cover.
4 Actual curve number is lessthan 30; use CN = 30 for runoff computations.
5 CNds shown were comput ed afd®i% genss askire)wavdr. Othed cbitbinations af nditions may be computed
from the CNdés for woods and pasture.
6 Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair: Woodsare grazed but not burned, and someforest litter coversthe soil.
Good: Woodsare protected from grazing, and litter and brush adequately cover the soil.
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Worksheet 2: Runoff curve number and runoff

Project By Date
Location Checked Date
Check one: D Present |:| Developed
1. Runoff curve number
Soil name Cover description CN?! Area Product
and of
hydrologic CN x area
group o X I |3acres
(cover type, treatment, and hydrologic condition; percent % ) 2 |omi2
(appendix A) impervious; unconnected/connected impervious area ratio) E 2 2 low
1 .
Use only one CN source per line
Totals I
N (weighted) = _total product - = :
CN (weighted) ' Use CNIp
total area
2. Runoff
Storm #1 Storm #2 Storm #3
Frequency..........eeeeveveeeeeieeeeieeeiiiiieeeees yr
Rainfall, P (24-hour) ......ccovvvvveeviiieeeecne, in
RUNOf, Q. in
(Use P and UN with taple 2-1, Tigure z-1, or
equations 2-3 and 2-4)
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Worksheet 4. Graphical Peak Discharge method

Project By Date
Location Checked Date
Check one: D Present |:| Developed
1. Data
Drainage area ......c.ccccoevvvvveeeeeeiiiiiiiiieeneeeen Am = mi2 (acres/640)
Runoff curve number .........ccccccovviiiiiiennenn, CN= (From worksheet 2)
Time of concentration ............ccoeeeveieieieennnn. Tc = hr (From worksheet 3)
Rainfall distribution ............coovvviiiiiieieeeees = (1, 1A, 110
Pond and swamp areas sprea
throughout watershed ...........cccooccieiiiinnnns = percent of A, ( acres or mi2 covered)

Storm #1 | Storm #2 Storm #3

2. Frequency

........................................................................................ yr

3. Rainfall, P (24-N0Ur).......oooiiiiiiii e in

4. Initial abstraction, la . e, in
(Use CN with table 4-1)

5.Compute I/ P i

6. Unit peak discharge, Qy . ... csm/in

(Use T¢ and I/ P with exhibit 4i )

7. RUNOFf, Qe in
(From worksheet 2) Figure 2-6

8. Pond and swamp adjustment factor, Fpy .......ccccoveiiiiiiiiiiiiiiiieenis
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)

9. Peak discharge, Op. ... ..., ft3/s

(Where q, = 9, AnQFy)
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Stormwater Drainage Manual

TABLE 4
Roughness Coefficients for Open Channels*
Recommended Roughness Coefficients
Maximum
Channel Description Minimum Normal Maximum Velocity
(ft/s)
Minor Natural Streams

Moderately Well Defined Channel

Grass and Weeds, Little Brush 0.025 0.030 0.033 8

Dense Weeds, Little Brush 0.030 0.035 0.040 8

Weeds, Light Brush on Banks 0.030 0.035 0.040 8

Weeds, Heavy Brush on Banks 0.035 0.050 0.060 8

Weeds, Dense Willow on Banks 0.040 0.060 0.080 8
Irregular Channel With Pools and Meanders

Grass and Weeds, Little Brush 0.030 0.036 0.042 8

Dense Weeds, Little Brush 0.036 0.042 0.048 8

Weeds, Light Brush on Banks 0.036 0.042 0.048 8

Weeds, Heavy Brush on Banks 0.042 0.060 0.072 8

Weeds, Dense Willow on Banks 0.048 0.072 0.096 8
Floodplain, Pasture

Short Grass, No Brush 0.030 0.035 0.040 8

Tall Grass, No Brush 0.035 0.040 0.050 8
Floodplain, Cultivated

No Crops 0.030 0.035 0.040 8

Mature Crops 0.035 0.045 0.050 8
Floodplain, Uncleared

Heavy Weeds, Light Brush 0.050 0.060 0.070 8

Medium to Dense Brush 0.070 0.100 0.160 8

Trees with Flood Stage below Branches 0.080 0.100 0.120 8

Appendix 1

Table 4



Stormwater Drainage Manual

TABLE 4
Roughness Coefficients for Open Channels*
Recommended Roughness Coefficients
Maximum
Channel Description Minimum Normal Maximum Velocity
(ft/s)
Major Natural Streams
The roughness coefficient is less than that for minor streams of similar description becase banks offer less
effective resistance.
Moderately Well Defined Channel 0.025 0.060 8
Irregular Channel 0.035 0.100 8
Unlined Vegetated Channels
Mowed Grass, Clay Soil 0.025 0.030 0.035 8
Mowed Grass, Sandy Soil 0.025 0.030 0.035 6
Unlined Non-Vegetated Channels
Clean Gravel Section 0.022 0.025 0.030 8
Shale 0.025 0.030 0.035 10
Smooth Rock 0.025 0.030 0.035 15
Earth Lined, Sandy 0.028 0.035 0.040 6
Earth Lined, Clay 0.028 0.035 0.040 8
Lined Channels
Smooth Finished Concrete 0.013 0.015 0.020 15
Riprap (rubble) 0.030 0.040 0.050 12
Gabion 0.028 0.032 0.035 15
Pavement
Concrete - 0.015 - -
Asphalt - 0.017 - -

*Note: Deviations from these values must be approved by the City Engineer for Brookland.

Appendix 1
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Stormwater Drainage Manual

TABLE 5A
Velocity Head Loss Coefficients for Closed Conduits
Description of Conditions Kj
Inlet on Main Line 0.5
Inlet on Main Line with Branch Lateral 0.25

Manhole on Main Line with bend at:

90 degrees 0.25
60 degrees 0.35
45 degrees 0.5
22.5 degrees 0.95

Wye Connection or Cut In

60 degrees 0.6
45 degrees 0.75
22.5 degrees 0.95
Inlet or Manhole at the Beginning of Line 1.25

Conduit Curves for 90 degrees*

Curve Radius

2 to 8 times the diameter ** 0.4
8 to 20 times the diameter 0.25
Greater than 20 times the diameter 0

Bends where the radius is equal to the Diameter

90 degree bend 0.05
60 degree bend 0.43
45 degree bend 0.35
22.5 degree bend 0.2

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

Hj = Kj (V2r2/2*g)

* Where deflection other than 90 degrees are used, the 90 degree deflection coefficeient
can be used with the following percentage factors:

60 degree bend = 0.85

45 degree bend = 0.70

22.5 degree bend = 0.40

**The diameter is the inside diameter of the pipe.

Appendix 1
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TABLE 5B

Stormwater Drainage Manual

Head Loss Coefficients Due to
Sudden Enlargements and

Contractions

Sudden Sudden
D2/D1* Enlargements, | Contractions,
Kj Kj

1.2 0.1 0.08
1.4 0.23 0.18
1.6 0.35 0.25
1.8 0.44 0.33

2 0.52 0.36
25 0.65 04

3 0.72 0.42

4 0.8 0.44

5 0.84 0.45
10 0.89 0.46

> then 10 0.91 0.47

*D2/D1 = Ratio of larger to smaller diameter

Appendix 1
Table 5B



Stormwater Drainage Manual

TABLE 6
Velocity Requirements for Closed Conduits*
Velocity
Material of New Construction Minimum Maximum
Storm Sewers 2.000 8
Inlet Laterals 2.000 8
Culverts 2.000 8

Note: Velocities that exceed 8 fps must be approved by the City
Engineer.

For velocity requirements in Open Channels see Table 4. Storm
Sewers shall discharge into open channels at a maximum velocity

of 8 feet per second.

Appendix 1
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TABLE 7

Stormwater Drainage Manual

Design Criteriafor the Design of Roads, Culverts, and Channels*

Road Classification DeS|gn_Return Design Spreads
Period
Major Thoroughfare
6 Lane Divided 10-Year Two Lanes Open Ea. Direction
100-Year Top of Curb
4 Lane Divided 10-Year One Lane Open Ea. Direction
100-Year Top of Curb
4 Lane Undivided 10-Year One Lane Open Ea. Direction
100-Year Top of Curb
Collector 10-Year Allow 1 Lane Open
100-Year Top of Curb
Residential Streets 10-Year Top of Curb
100-Year Contained within the Right of Way
Rural Road w/ Bar Ditches 10-Year One Foot Below Pavement
100-Year Contained within the Right of Way
Other Drainage Structures*** Design .Return
Period
Enclosed Storm Sewer System 10-Year
Culvert or Bridge Along a Creek, River, or other Watercourse 25-Year
Culvert or Bridge not Located on a Creek River or other Watercourse |[10-Year
Channel Improvements 25-Year**

*Note: The City Engineer may reserve the right to require more stringent
requirements depending on the location of a specific project. All deviations
from what is shown must be approved by the City Engineer.

**Note: For Channel Improvements the 25-year storm should be contained
within the channel. Adjacent structures and lots must be a minimum of one

foot above the 100-year water surface elevation.

***Note: All improvements in SFMA shall meet requrements of Section 9in

this manual

Appendix 1
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Storm Water Drainage Design

Manual

TYPICAL DRAINAGE PIPE/SWALE
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Figure 1. Piped Flow Types
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Figure 2. Open Channel Types
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APPENDIX 4

STREET CAPACITY NOMOGRAPHS

Street Capacity Nomographs
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