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PREFACE

The Huntsville Stormwater Management Manual has been
prepared to establish regulations and technical guidelines -
on stormwater management for developers, landowners,
"builders, architects, engineers, and others involved in
development activities. The manual is avallable from the
Department of Public Works. i
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ABBREVIATIONS
AASHTO American Assoc1at10n of State nghway
, ' Tran5portatlon Officials
AMC Antecedent Moisture Condition
cfs g ‘cubic feet per second
. CMP ~ corrugated metal pipe |
~csm/inch - cubic feet per second per square mile per inch
FEMA ' Federal Emergency Management Agency
FHWA Federal Highway Administration
IDF intensity-duration-frequency
NGVD National ‘Geodetic Vertical Datum
sCcs . ¢ Soil Conservation Service
SMM . Stormwater Management Manual
TVA Tennessee Valley Autherity
USDA Unlted States Department of Agrlculture
UsSDOT United States Department of Transportation
UsGs United States Geological Survey :
wso " Weathér Service Office
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ORDINAHCE NO.‘94-255

hl,:. teles

BE ‘T ORDAINED by the city Council ofhthe CLty of

Huntsville, ‘Alabama, that the following rsections of the
‘. Stormwater - Management Manual of- -the Cityof ;Huntsville .
“'Department of Public’ Works, 19915Editionfaas adopted by -
i*“Ordinance Nao. 91-375, ‘and’ amended by Ordinance No, 91-432

and Ordinance Nok 94 186, .are. hereby amended .to read as -
follows: * - """

T Voaet RN '-‘!u!"*" KON R

(g implement the bjectives
standards shall apply'”

RRRTISS

wt 1 The calculated peak;rate ‘o stormwatergrunoff
o resulting ‘from a.ten-year return. period, .twenty-four
‘124) ‘hour’ duration, type II storm distribution (as
“.defined by the Soil, Conservation ,Service, U.S.
., Department’ of: Agriculture) .shall be. no greater after
development of a site than before development of a
site. . “ : :

!
2 “No construction, ‘whether by private or public action,
. o .8hall be performed in such,a manner, .as,to.materially
S i o Yincrease. the degree, of, flcodingwin;its vieinity or in
“”'”““*”f"“ ‘other areas,  except that conatruction, £ill within the
.. Eloodway, fringe :areas and. along!unatudied atreams
“" gshall be accomplished: according to the flood plain °
regulations of the City of Huntsville Zoning.

~ Ordinance. PR TR R RS RIS N I PR SN s B8 ek T

AL C PP o DN

Amend Section 2. 2 2 to read as follows

,e;n Lont gt

LTI jwh s
"f.if‘f flf\_

. Grading permits are required from, the. Engineerzof Public
. Works, before.the commencement of any land /disturbance
activity, including,grading, excnvation,.clearing, filling,
. " or’ construction’oxr ‘paving ‘of any parking.lot-.or existing
j; ‘parking -area exceeding 10,000 S.F.0f; impervious area,
' within the. City of Huntsville "unless, exempt by.the
provisions of Section_2.3, GRADING PERMIT, EXEMPTIONS.
_Exemptions’ shnll not be’ construed as relieving.the -
“responsible party from’ Sther’ requirements, within these
“"'regulations’ and/o¥! flood plain requirements (see Chapter 3,
. Section 3.4).° Approval of or. exemption from,the grading
“permit- requirements shall not be construed as | relieving the
\ﬁ‘responsible party’ from the requirements ofﬂany other
applicable federnl, state or local laws"

538 1 GRADING PERHITS

‘ton ox £111

-vertical s depth its deepast

’ point as measured from the natural, ground.

20 Will ot result. in a total quantity of. more ‘than.200 '

¥ cublc yards' of material being: removed from, deposited,;
on, or disturbed on any lot, parcel or subdivision
thereof.;w, T .

SRR

3‘4’.1‘,' . ,w.l?f 7




'7£¢<~f -+ horizontal to 1"foot vertical. | . .

3, Will not impair existing surface drainage, constitute
a potential ‘erosion hazard, or act as a source of
sedimentation to any adjacent land or watercourse.
This condition requires that vegetation cover .be re-
‘established immediately on oll disturbed .Areas.
4. Will -have no £ill placed on a surface havrng ‘a slope
;71‘ " steeper-than5 feet horizontal torl foot%vertical
t-w2'§, Will have no :final ‘slopes cut’ steeper tha

"6. Will 'not'contain hazardous ‘substafices . P

In addition, the following activities do not require a
grading permit: . oo

W, aad R "l"'l.'-.‘)—l.'f‘f“” "i"' o f

1 " £ YRR PP

-1, Burial within approved human or animal cemetsries.,
2. Construction of accessory structures’(as defined in
the Zoning Ordinance of the City. of Huntsville)

w0 v related ‘to’single” family residences.’or,duplex

structures authorized by a’ building permit;, provided
. .. the disturbed material or fill is handled. in such a
- manner as’ to’ conform to*'the approved erosion control
o> plan for the ‘area.or, where no’ such erOsion control
©“plan is in‘effect, that ‘such- work ‘is’ performed in
“ ~conformance’ with" the basic principles ‘of ‘erosion and
- sedimentation control as’ contsine in: Chapter 1o, '
"~ Section 10.1,2 of this' manual, "V s o
3. pPaving of existing parking areas that’ ‘Cover less than
. -10,000 square feat and satisfy all the requirements
- for exemption. =~ ' -
.- Construction. and paving of e psrking sreas less than
©. 2,500 square feet snd sstisfying all the requirsments
N -for exemption, ' °
' ‘pnesurfacinq exis ing pnved ’imperviOusT arens. ..

O

" Amend Section 2,4.2 to resd as follows

2 4.2 REQUIRED INFORMATION . . . . -

RS ‘Y“ww RELHEL
A complete application psckage shall include information on
the following items: ; ,

RS 1 A complete plan ot the proposed development at a scale
L “‘no-less than 'l incH =100 feet,” 'This" ‘plan’ 1s to

i jftii;i:;include existing and-proposed contours at’ intervals no

. 'greatex than'2 feat with- -at-least one’ on-site bench
o 'mark required, including the' elevstion rs‘ative to

~/ National- Geodetic Vertical Datum: (Nsvox.‘ﬂ,
““Contours ' must be drawn showrng true” elavations
" referenced to the site*bench ‘maxk " shown ‘onthe’ plans.
‘Contourlines'shall-be" extended to the“centerline of
~all roads/streets’ bordering the‘ditesikiifig“‘
~Existing and proposed huildings, impervicus’ surfaces
" (all parking ‘areas will’be" ‘considered: impervious),

" pasements;’ right—ot-wny*land, and’drainage ‘structures,
ineluding inlets’‘ catch” basins, ‘manholes ;" junction
boxes, driveway pipes, culverts, cross drains,
headwalls, outlet faciliries,‘and sanitary sewars,
with siza, type, slope, invart” elevations, nnd
quantity indicated. .-

3. If a project will be construoted’ln pﬁhses, common

RO facilities and phasing schedules.,
e+t 4, Hydrologic and “hydrauwlic’ calculations fof approprlate
deaign ‘conditions’“and facilities,‘incruding
. . detention/retention facilitles and resexvoir routing
Teagu ioalculations 'as required by ‘Chdpter oﬂ”this manual.
5 _Any 'propased -ditches ‘or* -channel improvements, with
~ typical section nnd proposed limits of ohsnge
_-indicatedi’. - el
. Any high water’ mnrks or flood lines ither calculated
or observed in tha vicinity of the proposed
davelopment, and the source of said line or elevation
indicated.




.T.. A1l £1l11 areas- indicated aB euch, with the limits and
0 ... . elevation. indicatedi® " - ’ : ‘
(:? ... .. 8. Drainage arrows indicating- the- “existing and proposed
' et on dizection of ‘runoff’ throughout“the plan. . °

o 9. Invert and top of grate elevatlons on Aall catch basins

' R -and.inlets-in addition to-’flow’line, elevations, B
’ ‘ .stations; and -percent gradesof all’cross drains and

pipe between inlets and catch basins.

10. For flood plain areas, designatad £loodway along with
regulatory ‘flood “elevations;, “cut-'and "fill cross
sections and calculations, and lowest,.floor elevationa‘
for buildings in the flood”plain‘““ﬂydraulic o
caleculations should be submitted, when_ Appropriate,

-11l. ‘Temporary .erosion :and. sedimentation ‘control’’ measures

"y, | (straw.bales,:.silt:fence, ‘etc: )7 to''be: implemented

wdnring construction;'as require

i omanualiri e ow il TS 8

+Final’ stabilization measuresip r .

i .disturbed  areas-on .the” ‘propertys’’ Areaagwith slopes

“equal to- or. greater‘than’ two: feet "horizental® to one

- foot: vertical:shall'be stabilized with’ riprap or -

-another-equally’effective stabilization” measure.

. :Stabilization- for: each>ditch shall'be*shown."
13. Where special structures: such'as” box“Guwlverts;
bridges, or junction boxes are proposed, detail plans
_ -.s8howing~ dimensionsﬁ'reinforcement, spacing,” seotiona,
.. elevations;‘and:other pertinent” information.\
14. A summary of the quantities of materials“to”be used

b and. an estimate of the cost of construction and

5 ‘ -+ complet:ion: of¥ imgrovements required ‘by-this manual

_1“;, (for which maintenance’of’ such?improvements by the

. City is required or anticipated) shall be provided so

. ; ..... ‘a8 tomdetermine thedamount'of th& bond”gequired under

C e T ek
I 415.,Plansmandfcalculatione-aiqne and Gedled by a
S’ ~registered engineoz‘wlandacape"architeot, or -land

‘surveyor’ - Lf'appropriate, if’ applfoation is for a
grading#pérmit. - Ifhapplication ‘is*for s building
-, permit, “slignature‘and 'geal of-a registered engineer or
‘fwarchitect is»required»unleas otRerwise exempted. \
.Exemptions from-the fequirenient to: furnish existing and -
.proposed -contours, -gite ‘bench -mark; ‘and'the stamp of a
.+reglstered engineer,:architect, or'land’surveyor, shall be
' given in following specific case: 5' o
oo Naoitemat aos R A A S LR SN R 3--31\"' .
l. COnstruotion of'or an“nddition t6. a‘non-residential
e L e/Structure.that ‘has less ‘than 2;500'square  feet of
floor space and lass than 5; 000 square feet (including
. structure) of additional. imparvious area;
& s L2, Constructioniofori'an additionto: aﬁyﬁsingie family or
w. -duplex residential structure;j not“located in an
.- approved -subdivision;:of!less! tha
- of impervious area; or -
3. Construction of a swimming pool related to single-
- -family-residential or -duplex’ structurea) provided that
ithe :activities ‘exempted ‘herein’ aatﬁsfy the. excavation
: : or-£11lcriteria’of -Section: 2, 3. 1" CSwimming pools are
w3y ¢ @ -rexempts fromithe!‘requirements’ of paragraph (1) and {2)
- under the excavationior'fill ‘criteria of. Section 2.3.1
except for the requirement under, paraq:aph {2) that no
ih ‘more: than' 200- cubic' yards of* material may ‘be depoaited
«>on‘any*guch lot or~parcel“without an ‘ approved grading
plan). o “.(-;..gtm« L%ﬁh_.ya. :

.}000 square feet

) o np—ﬁpplicationsvthat 'do .not* require: bontour ‘alevations and an
: L wenBoaee on~slte: bench- mark: as’ provided: above- shall include existing
( ‘ + and’ proposad- spot:elevations- along-with”a site plan showing
.~ distances. of. any.new atructurea
proparty linea. by i ‘

B

construction from the

H

P T




. These exemptions shall not he:construed as reiieving the
““identified activities from compliance with.the flood plain
raquirements of Ordinance. No. 87-269, as:amended, or item
{10} of this Section or any other applicable .regulations.

elen rieg 7o

R *JAdditional information required for. various facility
' : componem:s j.s covered .i.n Chapter 3 Sectionx 3 2.

B g, 2 .5 s'romz svsmas

“,The ‘standard for determininq the requirementffor etorage
: 'systems shall be that .the calculated. peak:rate of .
e ., Btormwater. runoff shall be no: greater.after:..development of

; ¥ ‘'a site'than before development of a site. - The calculations
shall be made considering a.ten.year return:period, twenty-
. four hour duration, type. II storm.distribution as defined
"% ' by Soil Conservation Service. (SCS), U.S, Department of
" 'Agriculture (USDA),’ for both before and.after:development
' .Bite conditions. The.hydraulics: and. deeign of gtormwater
‘storage systems shall be consistent with the: criteria and
procedures presented in,Chapter 9.‘

T . i , .

zjf_Exemptione from the requirement to provide on—site E

""" retention and/oxr detention. facilitioe shallube given in the
followrng specific casee-' P : .

... L. Commeroial or industrial.developmene whioh adda less .
e _&than 10, 000 square feet-of; imperviouemaurfuce area.
.2. Any development which reeults in,less than a 2.5
cubic feet per second.increase in, ‘the:ten year storm
 peak .discharge from.the developed eite.ﬂprevided that
‘the .City.Engineer.may require an.analysis of the
- downstream drainage facilities to.determine hydraulic
- capacities. of. affected drainage“systeme, The City
- Engineer will require an analysals of.the. downstream
..system when the ‘following conditionsaexist:

 (a) There. is -a history of flooding in the- vicinity of
- ..the proposed. development .site, or there.is
- ;, .evidence of undersized drainage facilities, or
» ..‘ *FE RN :3',“*-' R *‘"*’ira,_
,(b) The City Engineer ‘has' 1nspacted the downetream
.- dralnage facllities and needs.additional
" informatlon to . determine thegcapacities of those
.;facilities.kh;

EEST

T : st e L ESTLO Lo ey e b
. 3. Any developmenrier‘cqnetruqtienjwhereﬂtbased on a
. . .competent. .engineering etudy ;prepared by:a regisotered
- profeeeional engineer, eatisfies allﬁthe following
crrterie. : s b L o

1.,(a) The etandard requirement. nmSectionuz 1 1¢2) is '
T eatiefied .and ;particularly ‘that ;the -increase in;
, .runoff and. peak,discharge: from 'the.development
.. .8hall not; ‘increase. the, degree of; £looding in .its
~vicinity or‘in.:other,a.reae,i

- L ﬂgﬂ T TIC T by =%

‘{b) The:, ncrease‘in rungtf. d:peak diecharge from

.. the developmentwshnll nat ‘cause. an \increase in
erosion or sedimentation; : ,nﬂyh

{e) All downstream drainage:systemg. and facilities
L. are adequate:; to. handle.: the;dncrease. in, . runcff and
- . . peak:discharge. from the.development. eonsidering
- B tetal.development.ot the watershed.. . The design
storm used for determining the.increase-in runoff
and peak discharge will ba in conformance with
the design criteria in Chapter 3.




If paragrdaph 3(a). and 3(b), are met and 3(c) 18
_w.monnot met, then the:City Engineer”will datermine
‘e i the-allowable'increase’in peak-“discharge from the
proposed development based on the following
v Tequationg - B e AT AT

BT ¥ A A

: it
S R

ayvﬁuw:;ngﬂ‘;-QcHQ'Q§¢ACA§j
\ : At

Db cmwn bedh L a  a nE wRE aed :
..¢..0a = allowable.intreasefn“paak“discharge, cubic
i mes feet. pergecond. 2 e
Qc = hydraulic capacity of déwnstream system,
. .. cubic feet per second » . :
., 'Qp.= present .condition *(pre-development) peak '
discharge,: cubic ‘feat“persecond
At = total watershed drainage area, acres
:; -Ap = drainage“area ‘of “proposed’development, acres

o REES W AR LK BT il SL sk bl

‘4.Jédnstrﬁctloh, or repalr of,:ox addition to, any

wrnoine .o residential dwelling located onf ‘single’’lots within an
5 . approved: subdivision sewiamien e bl il it i ‘
et sy T BREE ODESIET Gl Tk
5 ;+0r repair’of /'or’ additidn te; ‘any

commerclal pr-industrial buildfngb'orifaétfities
including parking areas located within an approved
-,e<suhdivision~wherewan“existing’atbrmwaté::detention or

:;L:;;J . retention facility has: been’ designed”and’ constructed

. vIitowy to meet. the! requirements of*this manuali™' *'*™

Amend Section 9.2,3 to read as follows:

-9,2,3 GRADING AND DEPTH .
To obtain sufficient storage volume, the construction of )
dry detention/retention facilities usually requires either
excavation or the placement of earthen embankments., If
vegetated embankments are used, they shall be less than 10
feet in height and shall be placed with side slopes no
steeper than 3:1 (horizontal:vertical). Slopes for
riprapped earthen embankments should be no steeper than
3:1. A slope stability evaluation is generally appropriate
for embankment configurations with impoundment depths )
greater than 3 feet,. . . . .

The maximum depth of stormwater detention/retention
facilities should be consistent.with safety and aesthetic
.considerations for the system. . -In general, if the facility
provides a permanent pocl of water, a depth sufficlent to
discourage the growth of attached weeds (without creating
undue potential for anaerobic bottom water) should be ’
considered. A depth of from 6 to 8 feet is generally
reascnable, : :

Other considerations when setting detention/retention
facility depths include flood elevation requirements,
public safety, land availability, land values, present and
future land use, water table fluctuations, soil profile
characteristics, maintenance, and freeboard. Aesthetically
pleasing features are also an important consideration and’
can -often be provided with little extra cost or loss of
capacity. ‘A minimum freebocard of 1 foot above the high
water elevation.of the design flood shall be provided, with
higher values considered when addressing special concerns.

. Amend Section 9.7 to read as follows:

9.7 PROTECTIVE TREATMENT

Protective treatment may be required to prevent entry to .
facilitiea that present ‘a public safety hazard. A six (6),

. foot high security type chain link fence shall be provided
for detention arsas whare one or more of the following '
conditions exist: o




' 1;” Rapid‘stééeJEHangééifhaffﬁﬁui&*ﬁhke escape
practically. impossible for.small children

J;ﬁgééfmd;bﬁﬁé'gﬂggTéiiﬁgfuggéééd¥é;5 feet for more
than 24 hours or are permanently wet and. have side
slopes steeper than 4:1-(horizontalivertical)

3. Passage through the detention area of a low-flow .
wie oo 1, watercourse or ditch with a.depth greater than 5
A © feet or a flow.velocity greater than 5 feet per

woBecond 0 e BIE T N

. PR RUES it
. . 4.. Side .alopes: qual ior-.e
i3 oy (hotizontalsvertical).

N oo

”bbgﬁéﬁfﬁﬁkéﬁdei 8 or .exceeds ‘3 feet and malntenance

" will be the responsibility of the Clity of Huntsville

Lt e d Dby Tl s S T S g fee o §

]'jGunrdslpr,grates;maxﬁba appropriate -for 'dther conditions,

" 'but in a2l clrcumstancanheavy,debris;mustgbe transported
through the detention area. In some casas, it may bhe

- advisable to fence the watercourse or ditch;rather than the

‘-“’detention area. . :)

R FEVIRA P CTRRNCAR
&

el b N

-ﬁfﬁhgingiﬁﬁaﬁia‘Eé'E&nsﬁﬁéié&?for”dryﬁfééentibn areas with
.. design: depths. in excess, 0f'2.5 feet for 24 hours, unless
"' ‘the area.is within a. fenced,: limited accessa: facility.
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‘in two parts as listed below-

SUMMARY

The ‘Huntsville Stormwater Management ‘Manual’ (SMM) establishes
‘policy, permitting reguirements, design regulations, and

technical information for stormwater actrvrties An the City
of Hunts-vrlle. ‘The mannal contains ten chapters, pres

-ﬁ

'1; Introduction ‘ '
2.  Policy and'Permitting: . . - .- o v o
3. Regulations for Facility DeSLgn and Flood Plains

TR R ;;-a.u-

" PART 2 - TECHNICAL INFORMAEION | %&_,guggsﬂa

diz 4. Hydrology P )
.. 5. Open Channel Hydraulics‘itpﬁﬁ:;h.bwﬂ%‘pm
6. . Culvert Hydraulics - U

7. Gutter and Inlet Hydraulics ”Hf"f:';;“i‘ th
8. Storm Sewer’ Hydraulics'm”p T C
"9,  Storage System Hydraulics‘f‘”J‘”" S

*j “10. ° Erosion and Sediment Control L

Hn..

 The' regulatory chapters in Part 17are of" part ular interest

to developers, builders, realtors, landowners,tarchitects,
and ‘engineers, while the technical’ chapters ini'Part 2 are”
oriented to the-concerns of- designers -and“builders., =

‘The. Huntsvrlle :SMM also includes two appendices that -provide
copi.es .of ; rCity: ordinances . -relevant-to . stormwater management.

Additional ;. material ..that. is..appended .to. the . manual . but. bound
separately includes the standard detail drawings and -the.. Storm-
‘water Management Ordinance. The flood study reports and maps are
briefly discussed in Chapter.3.  The appended-material: is:yavail-

able from the Department of Public Works.

Tables and figures are located at the end 6f each éhapééff”*
with tables preceding figures. Each chapter is introduced
by a table of contents that includes table ‘and’ figure o

oot

gnR370/023 -
| . s-1
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titles.

procedures.

Exa “problems are prOVided'atwthe end of selected
“sections’ in ‘the mantal to demonstrate the application of
A summary list of the example problems follows.

In the text, equation terms and symbols are defined
Himmediately followzng each equation.”

!f'v

' TP N SRR T R SEEPY LT SR S
Problem Title" o ) o e -Page No.
»;‘,L_,.«“utx,a,";e' At o
 4=1 Rainfall Excess. Using the Rational ‘Method -Runcff .
L . JCoefficient ¥ .. el AR wnudgwaivtgr' 4-11
4=2 Rainfall Excess USing the SCS Cuzve Number 4-13
4-3 Time of Concentration Computation - .0 lit = © T s 417
~4-4 Rational Method Peak Runoff Rate . 4=-26
4-5 TVA RegreSSion Equation Peak Runoff Rate’ e Tl 4-27
4-6 SCS TR-55 Graphical Method ‘Peak'Rundff: ‘Rate s ”f " g-28
4-7 SCS Dimensionless Unit Hydrograph R AR . 4=37
4-§ Flood Hydrograph USing Unit Hydrograph ThePﬁx,L, 4=~38
S=1 Direct Solution of Manning s Equ'tion‘ ’ ;% 521
5«2 - Grassed Channel DeSign Stability . ri5=22
5~3 Grassed Channel Design Capac1ty\ 5-23
‘Lw5'4-wﬁl Grassed Channel VegetationhComEarison Qi }gﬁgﬁyw- 5= 25;
5= q Riprap DeSignr:_ e el S“ZSJ
6;;11 Circular Conczete Culvertéa.m R S TE ey ‘mﬁﬁiB,
9-1' Rese:VOi: Routing Using.Storage Indication Method : .9=12.

:The-contents of each.chapter ‘are briefly summarized belowit

All references are,

"'ff ’,1\

et

Additieonal-assistance- for | ‘locating -information 'can 'be -found

cnﬂéwlin;the detailed table of. contents presented ab the front of'

BOREHL e 2

SUPART 1t

ssieach’ chapter."4f3~' R T A
POLICY, PERMITTING, AND *REGULATIONS & e

Chapter 1 - Introduction

nf“f -

i This“chapter contains the follow1ng information-

e L a EUR I R T A N

ey,

Topic ' - Content

.1. - Purpose - o . Five items listed

2. ) Source of Procedures

Readily available government

publications - @ﬁQ"""

LA

'gnR370/023 s-2

O
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CTopic. e

"3, *"Limitations 7

e EANT L 2SR,

- 4. Updating

Tt Content Ve e N e e i

Chapter 2 - Policy and Permitting

Engineering judgmeﬁtf?ééﬂired

‘ Avallable from the Department of

Public Works

e e e el g Ve ey gl
This ‘chapter’conitains the following regulatory information:
. ) B ) T

Topic

1. Building and Grading
Permit Requifements '~

e

LRy X

2. Grading Permit,Bxemptione‘

Excavatlon of Flll

Pt el L Aty RS ;'\ i LN

W

u'AinCUIthgr’P:acfchg?m;

Maintenance Grading

_Public Utilities.. .
Department of Publlc

WQrks Projects
3. ,Applicatidﬁ“Pfdcedﬁkes“f e

Number of Copies

”fRequired'fnfqrﬁetien“*f' -

" posting’

gnR370/023 Lo

Content

Buxldlng permlts from Inspectlon
Department/gradlng permlts from
Departmenthof!Pgbl;e_ﬂogks

5pec1f1es when a permzt ls not
required "based on 51x crlterla

Plowiﬁ@}*chltiﬁegihgldeégf}tareﬁ‘
exempt

Specifies when a permlt 1s not )

" 'Yequired based on four' criteria .

No-permit. required; submit . .- -
documents for review only

D L L HESIA . N

'No permit required :
S T h e
IR S

- ST ',‘f:"“.‘"
Three required

e i |
- Information”required by Depart-

ment of Public Works is listed

 Post permit until Certificate of

Occupancy‘iseued

toogrh e
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Topic ‘Content

. Eftect i L ; Prevents v;olatlons, requxres error
I T corrections

':Other'Pérmitsiﬁ Responsibility of ébpliééﬁt

4, . Enforcement

Right of EFFI% L , ,JEAuthority for Engineex of Publlc
P ey RN BRI j’-:--WorkS .

‘Revecation - T Based on false“information

ffstépiwbrkior&ér,:_:jyj " . Por permi#_y;plar;qpprJi,”
“Corrective Measures For non-permitted activities
Penalties & Injunctions Fines and other remedies

5. ~Construction Inspections . Engineer of Public Works authority

Bk Ak

| 6,"'As:qult Cgrtif;catiqn,ﬁn_i Require;ifgs-pur;t"=quyings

Chapter 3 - Regulations

Ve s e kg

Thrs chapter conta;n._the follow1ng xegulatory lnformatlon.

e LE ]

Topic P __-Content.

1. Design Criteria Summary

- e A - -
protr Slam e e

Return Periods " . specifies design storm to use
Manning's n Values o Specifies n values to use -

2. Submittal Requirements . . -

Hydrologic Procedures . . . Calculat;ons and documentat;on
B T AR B B S
) ' ‘ requlred g

Requirements'for open ditches

bt 8T

ST

Culverts & Storm Sewers ' Information required on plans

gnR370/023 | . .5-4




Topie:

' Gutters & Inlets
' Storage System o

Erosion . and .sediment .-

~Control. i g

3. Flood Elevation and
' Floodway Data

. FEMA ' Floodway Maps

Unpublished. Data.

B Y Flood Plain Requiéemehts'

R ‘.ﬂ r‘

u;Zoningg.Ordinenoem;.

T T T T S ST

Activities
Flood Plains

Subdivioione

5. Inadeqtate‘ Facilities

®)

gnR370/023

within. . - °

- 1991

Coptent
R R L e i
Required intercept,wagp;ead, and
spacing :

E N E A

when and when not requi:ed

O ‘A L4 P o

whenv‘and"{whenn3hotﬁa:eqﬁired}
information required on plans

Established EEMA flood elevation
and floodway limits .

J",FRequirementsx ‘for. preparing new

flood information

S ey gy

Floodway,
regulations

Floodway innge
(see Appendix A}

Restkictions for flood hazatd
areas . -

Development . 'requiremehts
for £lood plain areas
identified

5 .

Requirementa

befo:e ‘new
' developiient™ .
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PART 2 - TECHNICAL INFORMATION

Topic . ‘ ‘ Content
6. Trafflc—Safe Dralnaqe
T ~pacilities - R B
Cross-Dra;nage Structures " Transversable design, structure

Bootongirn il SGawmw o Shes o Gedl extensions,vor-shielding required

5,,7Parallel Dra;nage Featuxes; Structure celimination, ...
S LT NN ALV L R T "E“*?* ' transversable design, ‘lateral
relocation, or shielding required
Drop Inlets ' o ‘ On~roadway and off-zoadway

stxucture requ:.rements

Cb el

Chapter 4 - Hydrology

«Thisichapter “contains -the -following technical information: i.ial

Topic Content
1. Procedure Selection o ‘ Descrlbes six hydrologlc prqcedures;
guldelxnes In Table' 4-1‘mfw‘
'2, Hyetographs= .~ = - o0  Development of rainfall'.increments
' Design Storm Data . o Inten51tj-du:atlonnfrequency curves
T T (Figure -4-1) :
- SCS Type II Storm Presented in'Eigure 4-2

«

~:Balance¢istorm CeaTn el Illustrated in Figure 4-3 -

eI L A e af

B Rainfall Excess B Converts rainfall to runoff

quantities

""!‘»m‘l‘v‘

Rinoff ‘Coefficiénts

Use Tables 4-3 and 4=4° "~

. Curve Numbers - ‘ Use Tables 4-5 and 4-6

gnR370/023 " s-6
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4.

5'

!\\_«

LR S S

Topic Content

Time of Concentration ' Specifies how to.calculate’time -
: of concentratiocn
Overland Flow - Use Figure 4-4

P A

‘;;ghgiiﬁﬁ;gﬁah@giAF1§K@L,:,% Use Figure 4-5 or Manning's Equation

A et vy e e T A

Main Channeerlbw ;LUse Mannlng s, Equation - ;ﬂ,**ka"

Peak Runoff Rates = . .. ... quthods.to;dete:minespeakwrunoffﬁ

Gaged Sites . ‘ See Table 4f§*u@;xg'w M;M””mH_‘,mW
Rational Method . .. . Use five-step procedure.

TVA Regression Equations, , ' Use Tables 4~9 and 4-10-and

- o . Figures 4-6 through 4-10
TVA Graphs =  Use Table 4-11 and Fxgures 4=11
' ‘ T S R LY ‘through 4= 33 ' (TR

SCS Graphlcal Method .. .. ;... . Ten limitations and six-steps

oo cem e Loty

Othé;tfééhhléues : Subject to approval

Flood'Hfd}oéfaﬁﬁs}-'“".,. : Methed for determlnlng a flood
hydrograph O

b DT ThabEE e

Hydxog;aphuﬁgrpipqlpgg{; . See Figure 4-35._.

.Unit Hydrograph Theory. ... .Five assumptions ;i - —..ii s

: : et Rk ‘ ‘
Unit Hyd:ograph Procedure Six steps
M b =~;:,e et Wb VRS S sl
Synthetlc Unit Hydrographs SCS curvilinear or trlangular,ksee
1oar Shega s At s g ek ¥ e T e ‘“‘ e : Flgure 4-37 ‘ whoG

- . 3
RTINS Bt adE R T

SCS TR-55 Tabula: Method Limjtations only; obtain original

. e w..« tmiuvs Dbublication._for.procedure details .- .
-y, R FEETEE PPN TR Rl D Al T ) o :. . o

gnR370/023 ' Lsfp ' - o
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iTopic . e .COntEnt -

7. .., Hydrologic: Channel Routing e g B -~*;V’3'° R

T .
;,m,-,‘.‘- -

Muskingum Method ' Eight steps
8CS TR-55 Tabular Method leltatzons only, obtain orlglnal
Hoogn, # b alieAt ma publlcatlon -fox: proaedure deta;ls

Sl e T e

Chapter 5 - Open.Channel Hydraulics
This chapter contains-the' following technical information:

Topic - v oo . Content

1. Linings:, = .ao: oo o . Four main claééificatibné‘
il ' Vegetative.© - ... :Y “:u  Acceptable tonditions identified

Flexible | ‘ ~ Use rock rlprap or rubble

Rigid fii o aesvT Use concrete or'grouted riprap

. Temporazy: .~ " .l - ¥t protectiofi required™until permanent
measures are established

Loy B Lo TR SR Lt
2. Design Criteria ‘ " Open channel de51gn values
' ' : Gopeteln Lt et e s St . . e e \’ C

Return Period S v Use 25-year storm
Velocity Limitations - * ..~ Use Tables '5-1'and 5-2 . -

Manning's n Values.... " «.i- Use‘Tab1é55;33¥Figdke55-§,“and
- ‘ Equatiqn 5-;

roL St . KR

 side Slopes ' -Maximum values are speczfzed

‘ .

Guidelines for gradation, thickness,
and filter material :

B

Riprap Lining

e ‘

JUniiorm;Elow&Caléﬁiationsréh%t’ Several forms of Manning's Equation

Geometric Relationships Use Figure 5-2

gnR370/023 - . ‘§=8
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?::? _ quic Ceneent
.;D;Feéété;i;;i°égﬂ; mﬁiwh; ' Tables,'charts,}epd@ﬁqmpgraphs
Teial ane Erroéfseiﬁéigﬁe' Equations andefiguree
'Critiéel"fleﬁ*éeiéﬁiaﬁfeﬁs Equations and guiééiiﬁég'
'Vegetefive*neeféd' ’ Use twoﬁpajée:hdeei;e%eEEbility
| and design capacity
Riprep Design quations.and figures
! V~h;“'-GfaEua11y5v3fied flew'“" ‘ Geneialréeiaaﬁee:?h)'w
5. Rapidl? Varied Fleﬁ 5}4 Conditionel5£e'ieenti£iea
Hydrauhc Ju:r.p ,Rectehgulaz channel procedure
IB%idgesr . . ~General guidepeeﬁ?
o~ Chapter 6 - Culv'e'r't"‘"if’gf;iiﬁ"i“édﬁifﬁf;”"
| — . . P . S
~ This chapter contains the follow;ng technleal informatie;;ﬁ o e
| b o e S TC
% Topic Content
% 1. - Fundamentals L
| metCemuel . Four varisbles idencified
-.Inlet Conﬁeolf i 1 Four va:iables_identified.
‘6ut1et Cont?él‘ Six variables identifie&f;
, .-‘Culvert’'Seléétion = 7 Trial and error proceeeiJ
é 2..-.Desigﬁfeff€3rfa"J R sPecxfiee‘de51gn Eestfleiiens‘and

B L SR PR DL SR
Discharge
. S gt L B 3 t

gnR370/023

llmltatlons on culyertsm

Speczfies return per;ods fox five

'categorles
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_Topic - v - - T Content

Headwater restrictions ‘and
limitations '

ceE

oo Headwater 0 0

Tailwater o | Four typical conditions .

T T A SV P o

- Length & Slope ;

Three factors. to consider .

e T par

Velocity Limitations™ “ Minimum of 2.5 feet/second; for
. maximum, see Chapter 5 .
3. Design Calculatiens = Procédg;eswforﬁdgsignwof,culvé:ts

General Procedure =~ = . See Figu;e_ﬁfl

- Inlet Cbntrol N Culvert capacity; three types of
LT e e calculations Y

Outlet Control “° 7 Three design steps to obtain
' ‘culvert capacity. . .

PR

Chapter 7 - Gutter and Inlet Hydraulies.. . .

PRI

' This chapter contain$ the following technical information:

1. Design Criteria

Return Period -
‘drainage

oot LT et wae e RS A

Spread 10-foot maximum .

T e

Inlet Spacing ‘Based on 80 percent intercept

fohsty

ngitudinal{Slppgsu e Range 0.5 to 12 percent . .

Cross Sidpe

Maximum 2 percent desirable

“v+% " Combination ‘Seétions ‘""" width of 2 or 2.5 faet

G Nl e,

gnR370/023 " §-10

Specifies design storm for pavement
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Topic C ﬂ ' Content

| Roadside Ditches ... ... Department.of Public Works
R , ' approval requ:.red
RN DR TR TR DU iy akrdt g wepn

Intercept flow before bridge

Bridge Decks .. .

2. Gutter g;owﬁgelcplatiqnsgjﬁﬁ . Equationﬁused;to‘calculate
S v e Twttiviy - gutter flow

Tirae g b lT

,Uniformwctess,Slppesﬁ, Use Figute‘7-1 Lot dE e

W
PR

StandaréfseEtidhs- N o Use Table 7-2
" Composite Sections Use Figuzes 7-1 and 7=2
. P -‘ e [N s ‘m_.,,,,‘ R AR :
3. Curb-Opening Inlets Procedu:es to detexmlne capacity

pe s T Use mable 743

oo _; .o - ..‘n_s-:“‘-

General-~Continuous ‘ Use Flgures 7=-3 and 7 4
Grade” P ~ul_,‘,,,g.: - L:\‘-_‘ ] I R P R j.:_,» .pr'uj“-.-"r.'earf‘(‘-i"‘f

asump ccondltions . l;‘.‘,i' A ) K4 Use ) Figures 7"—5.""\and4, 73_-'6; L
4. Grate Inlets R Procedures to determine capacity

Conbaen

5. _COmbinetibhuiﬁlets'- o '_, . Procedures to determine capacity

' Continuous = Capacity based on grate inlet

T N . X K

Sump | " ‘Capacity based on curb opening

i

B R A R T IR R

'Chapter 8 - Storm Sewer Hydraullcs

Thié“chabter“édﬁtéiﬁé'the‘folloﬁihg technical information: )
o Topic . Content
el R U R “‘" l R R ECCRRS SRS LR

1. 'DeSLgn Cr;terza

' s it tew e
LU R e vaben ko S vl T

Return'Peiiods' ' Specifies design storm to yse

Lo e . P B R

=5

gnR370/023 o s-1l
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-, Topic

_.Content.- - -

Manniné’s~ana1uesuﬁ

L :.‘3.‘5._.1*‘,‘.".\7" 7t
Slope & Hydraul;c Gradlent

I T A Cil "..‘»:‘J A,-«;;‘ -J'x::*-..m;.,'.t‘. t'.

Pipe/Size ‘& Length = .wu .

Clearances - - .. ‘=

Inlets ~
2. ~General Procedure
3. Hydrologic Calculatibns‘

I “’“:;‘, '

4. Hydraullc Calculatzons
-'-— . .“,‘.':"1 '1‘“"" S ,,‘ }, & r,L

Pressure vs. Open Channel
Energy Losses . wusi.t wal

4Cpen Chanhel

'Pressure

PNt

Specifies n values’to use

Velocity range 2 5 to 20 :
feet/second o

Minimum pipe ‘size and inlet
spacing requirements

Minimum-clearance criteria for
utilities and roads

Bypass of 20 percent allowed

Iteration by four steps

oy

Consistent with‘Chapte; 4

Fat TR

'Guidance in Figure 8-3%

" Friction, pipe’ form, ‘and’ Junctlon

losses to be cons;dered

Use Manning's Equation

‘;Use‘Enetgy Equation

Chapter 9 - Storage System Hydraullcs

R 5 _H;."H"‘-.m;m

This ohapter contains the following technical’info;mat;oq;

Topic

oy

1. Terminology

T TS

2. ‘DeSLgn Criteria

\Release Rate

EREA% RN F e T L A PH

Detention Volume

gnR370/023

Content

Bowr g S

Retention/detention definitions

Spec;fles des;gn requxrements

B R febrn

Limitations presented

- .
DI
e LR

Based on routing calculations
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Topic

. ‘Contentr . - <anih

3.

- 4.

5.

' gnR370/023

‘Outlet Works

Sharp-Crested--Submerged

'Broad-Crested. -..: )

Preliminafx;Calculationsa;xn

Grading, & Depth. -

- Wet Ponds

gy R wel e d I
. . . . WL e T

General Procedure ..

—Outlef Hydraulics

R /‘-‘LA'“

Sharp-Crested--No End

..- Contractions ... .o

- I S, N
- . h I . LTI N

Sharp-Crested--Two End

oContractions e e lhepres

o hede
v-Notch

Orifices

DIEY RTER

Storage_Volhmg-ﬁws ek

.- Peak Flo@,' s e

Routing.Calculations . .o .

:LStoxageaIndicationm4m.dewm

Method e B bt

Protective Treatment

' Requirements ‘and.‘considerations: "

Praesented

A
Design requlrements for prznc;pal
andkemergencysoutlets AR "

:u;"*i'x.. .

Bottom seallng and side slope
requirements:: L et

Three relationshipsvfor!sizing

facilities presented as seven steps

S I P A

Capacities of outlet structures

T A £2, P RFTAS-a

Use Equation 9-1

Use Equation. 9-2

fubd
Use Equation 9-3
. L e T A
Use Equation 9-4
Use Equation 9-5
Use Equation 9-6

Use Equation 9-7 for estmmat;ng
storage volume

Use Equation 9-8 for -.estimating
peak ocutilow

ATt LE R A E

Use Equation::9-9 fortfinal de519n
calculatzons :

Requirements for fenc:.ng and safety' ’
constraints ‘ .
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Chapter 10 - Eros;on and Sedlment Control

‘Thishghaptgrbcontainsﬂthemfollowing technical information: - -

-Topic
L Jﬁium DS ST/ A PRI Tis wetad
1. Eros;on e Sed;mentIControl i

Plans .
DT Blad Wl el Lien N D e

Submittal Requirements:. ...

;.pasicﬁpxinciplgsnﬁﬂ,

2. Er051on Control
Temporary vs. Permanent
Ty e el
Surface Stabllzzatlon
Runoff Control
Exposure Scheduling

3. . Sediment Control

Straw Bale Barriers

LTraps. v e naiinh e

. oBasins oo, o ealln wo

Approximate Basin Sizing

sz LORStruction Entrances; ‘s

. L} . PR
N f;,‘,j“‘[;i. CLoh

griR370/023

Content

PRCERIE U

Seven regquirements for plans

Five basic principles '~

Types and uses specified

Consistent layout for both types
L el 2

Required when land is cleared

or existing conditions altered

.l

[ FEVT I N ! T i
Required when activities.increase
or change runoff

Goal to prov1de stabzlzzatlcn
before heavy rainfall: -

e

Types and uses are specified

Acceptable conditions for
application are specified.

Sketches are presented-in
Figure 10-3.

Components are illustrated in
Figure 10-4

Use Equations 10-1_ahd510—2¢

. Stabilization: requlred .at:;all

po;nts of access RIS

§=14 . R
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PART 1l - POLICY, PERMITTING, AND REGULATIONS

Part 1 of the Huntsv;lle Stormwater Management Manual wlll

b%w interest to developers, bu11ders, realtors,
.llandowners,‘archltects, and engineers who need to be

) “1th the regu‘atlons associated with land
‘wterat ons to existing facilities. The
1ncluded in Part 1:

i.' “Introduction
2. Policy and Permitting
3. Regqulations for Facxllty Desxgn and Flood Plalns

gnR370A/014
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TABLE OF CONTENTS

Chégter

-1 Introduction
1.1 Purpose ‘
1.2 Source of Procedures
1.3 Limitations
1.4 Updating

O
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el 0 Chapter-it Y Th T e
. o ',INTRODUCTIon-f”-*'*‘“”“““‘”““*“w”“

TeE

1 1 EQBE_QE

. Bl - . . . 5 . -r TS
CewmTLos e R B T o AV B P L 77 I SN =

The purpose ‘of ‘the’ Stormwater Management Manual CSMMT 's to .
establlsh regulatlons and prov1de ‘stormwater’ des1gn “informa-

' t10n for'local agenc1es, englneers,.deveIOpers, or others*w

)
=

whose“activitiés concern’ stormwater management in® the tlty'
of Huntsville. The manual has ‘been” prepared to document “the
following itemss

1. Uniform stormwater?designicriteria and procedures

ek

"‘ifRegulatlonSffor gradlng and bulldlng permlts

‘‘‘‘‘

'-Regulations and pollc1es for 1and dlsturbance
1fact1v1t1es e S :

a7

”“3Techn1ca1”1nformatlon to a551st w1th thé’ de51gn of
stormwater dralnage systems , '

5. Published data applicable to the city of
Huntsv1lle : :

This manual should be used to guide persons involved in the

“aot1v1t1es mentioned above through the required procedures

to obtain approval from the Engineer of Public Works for

- grading, building, and construction. permits, and subd1v151on-

development. 2oning and Building Code requirements are the:
responsibility of the Clty of Huntsville Planning Department
and Inspection Department as appropriate. The requirements
contained in this manual are in addition to Zoning and
Building Code requirements. Any conflicts arising from the

- implementation of the requlrements of this manual with en-

forcement of Zoning and Building Code requirements shall be
resolved by appropriate methods and procedures w1th1n the

-C1ty of Huntsv111e.

1.2 SOQBCE OF PROCEDURES

Procedures 1dent1f1ed in this manual are generally found in
readlly avallable government publications.. Information from
these publlcatlons has been dupllcated as required to sup~

Plement contents of the manual. ' Complete details and addi-

tlonal information on the procedures can be obtalned from

gnR370/002 0314 E 1-1
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tional 1nformatlon on the procedures can be obtained from

the orlglnal references.-

‘;.3 LIMITATIONS

‘This manual nelther replaces the need for engineering Judge-

ment noruprecludes the use of informatlon ot presented..

wThe empha51s is on desktop procedures that can.be performed

manually.p.To ensure that procedures arewproperlx_applled-@
and adapted the englneer must con51de tual s;te cond1t1

RS VS P

a,1,4;,UPDATiN61H_.

The Huntsville SMM will be. ~updated. and. rev;sed. as necess-

ary, to reflect up-to-date englneerlng practlces and infor-
mation- appllcable to Huntsv;lle.l The status-.and. details of
any updates or revisions can be obtalned from the Department
of 'Public Works. Questions and any suggestlons ‘for changes

ﬂshouldﬁalso;be,addressed to the Department of Public Works.

T

gnR370/002_0314 T 1-2

@







HUNTSVILLE-SMM .- 1991

TABLE OF CONTENTS |

Chapter

2 Policy and Permitting
: - 2.1 Objectives
2.1.1 Standards
2.2 Permit Requirements
- 2.2.1 Building Permits
.2.2.2 Grading Permits
2.2.3 Alterations to Existing
Drainage
2.3 Gradlng Permit Exemptlons
2.3.1 Excavation or Fill
2 Agricultural Practices
3 Maintenance Grading
.4 Public Utilities
‘ 5 Department of Public Works
w ' ‘ Projects

c 2.4 Gradlng and Bulldlng Permit Application

i : Procedures

' Number of 00p1es
Required Informatzon
Posting

Effect

‘Time Limits

Other Permits

orcement
Right of Entry
Revocation.

. Stop Work Order

- Corrective Measures
Penalties and Injunctioens
Bond Requirements
2.5.7 Appeals

" Construction Inspectlons
As-Built Certification

AN

L]
*

L]
. b
U o W

U'lU'IUlUIUlU‘Il'b-h-h.h.h-h.h

N
"
NNNNMNMNNNNNN

NN
L]
~ O

ure

2=1 Building Permit.Application Procedure

.ii} - w ww *AF:\ ﬁw{-yﬁ ) ;rz @*@"
K i i iy

gnR370/016A_ 0314

2-10 -
2-10
2-10
2-10
2-10A
2-10A
2-10B

2-11
2-12

2-13




N ':‘ﬂ:ip"i'i‘j' 'x-‘{\; ‘-

Chapter 2
: POLICY AND PERMITTING o

2 1 OBJECTIVES

The' City of Huntsville s stormwater management program has
?he folf%wmng'objectives.~% B AR .

).".'

1. Protect human 1ife and health.?"““'w$*““

Reduce “the" need for rescue and’relief efforts
‘”associated Wlth flooding ik

4, Prov1de for the sound use and development of
flood-prone areas so as to maximize beneficial use
without . increasing'flood hazard. potential.

=5 Reduce” ‘damage* to public facilities and: utilities
' .such as.water-and sewer lines} electric, “Eales
' phone, -and -gas” facilities; and’ streets and bridges

“located in‘flood’plains.: ;wﬁﬁ

6. Ensure a functional stormwater drainage system
that will not result in excessrvewmaintenanoe“-

| costs,
‘ﬁ*““7‘ Encourage the use of natural and aesthetio ly
- Pleasinq desxgn.ﬂ**v-' b B 4

Encourage the . improvement of existing f100ding
problems in- conjunction with:- new devalopment.h "

3. Reduce the impact on public and private property
” -caused by the accumulation:of ‘mudy*dirt, water,
debris, and other construction‘materials.

2.1:1 STANDARDS -

- RO ."I* J*

- To implement the objectives presented above, the following
=standards shall apPIY' L o R I AR E :

C o ek
ERITY

- gnR370/016_0314 2-1. | i,
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1. The calculated peak rate of stormwater runoff

. resulting from a- ten-year return period, twenty-
four (24) hour duration, type II storm
distribution (as defined by the Soil Conservation.
"'Sservice, U.S. Department of. Agriculture) .shall be :
‘no greater after development of a site than before
development of .a. Slte ' ;

RN
o 2. Nog construction, whether by private. or public
R action, ‘'shall be performed in such a manner as to
materially increase the degree ‘of " flooding in its
o+, .. Vicinity,or in other areas whether by flow
' restrictions, increased runoff, or by diminishing
channel or overbank storage capacity.

RN .:h O O T 3 A

2%.’zﬁ;i.ipm' IT REQUIREMENTS . ;.
A grading permit issued by the Engineer of. Public Works or

.? permit will be required before any: 1and disturbance activity
" can begin, unless the. disturbance is exempted by the
B provisrons in Section 2.3. ‘ : ‘

: 2 2 1 BUILDING PERMITS

Building permits are issued by the City of Huntsville In-

spection _Department. . All improvements, repairs, or con-

struction with respect to structures- Wlthln the City of

Huntsville that require a permit from the Inspection Depart-

. ment,shall- be ,approved by the Engineer. of. Public Works,.
unless the structure falls-unto one .0of the, following catego-
ries: -

l Residential dwellings on single lots w1th1n an
approved .subdivision.- C e

2. Rémodeling within the walls of: an existing
structure

The information and data that shall be furnished to theb
Engineer of Public Works is listed in Section 2.4. 2.

2.2.2 GRADING PERMITS

Grading permits are required from.the‘Engineer of Public

gnR370/016_0314 C gap
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'Works before: the commencement. of any land disturbance

activity; including:grading, excavating, clearing,

- filling: ;Wlthln the -City  of Huntsville unless" exempted by=
the. prOVlSlOns of Section -2.3.- Exemptioni'shall- notibe
construed, .as ;relieving .the responsiblelparty from: othef;
-requirements within these regulations and&orgfrood plainu
'requirements (see Chapter 3, Section 3.4). ' Approval of or
exemption from grading permit requirements:'shalliinot.be;
construed as relieving the responsible party from the-
”ocal?
laws . L AR D e I R i mariisl : g

requirements of any: other-applicable federal,wstate or-

2 2 3 ALTERAEIONS _Q EXISTING B&INAGE

A letter of approval from the Engineer of Public Works shall.
"be.required for:!any.alterations to. existing~drainage

facilities:maintained’ or: proposed ‘for: maintenance by the

City .of: -Huntsville involving-.the :removal or.installation of .

underground pipe, including culverts; and:‘construction or

alteration of drainage ditches. No letter of approval will.

be required for alterations to: private drainage systems with
tributary areas:less than :5000; square feet;f however,

alterations: to those: private drainage -systems: w;th*tributary
' areas. -equal to..or, .greater: than,;5000° square feetsshall meet

the. requirements: of this manual.:-The exceptionéregarding
alterations to private drainage systemsiw1thftributary areas

" less than 5000 square feet does not imply that the work has

the approval of the City:of Huntsville,‘and.‘does-not’ ‘relieve
the . responsible party from the:requirement:.of’ any other
applicable federal, state, or local laws. SIS P

2 3 GRADING PERMIT EXEMPTIONS

‘i No grading permit is. required for .the - constrnction,

improvement, or repair of any structure within a development

for which an. approved grading,:drainage, and’ . ' stw.iocfeen 80
erosion control plan exists. However, any alteration to' the -
.original’ grading, drainage, or erosion  control plan shall
‘require approval by the- Engineer of:Public: Works.::

Any person who disturbsgthegnatural'ground;coverwinianiarea
for which there is an approved grading,:«drainage; and ero-
sion. control plan shall comply with the requirements of such
plan wmthout exception. Ea ,,.,”‘ﬁ@‘ﬁﬁ“"

ek '.._:..,";_-L_‘. :

SpeCific actiVities which may be conducted w1thout obtaining

‘gnR370/016__031‘4 2.3
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-a.grading permit are identified below.  These'exemptions-

shall. not be .construed as ‘relieving the party responsible:

for the ‘identified activities from:. ‘making onsite drainage:

lmprovements that. may be required or from: compliance 'with
flood:plain requirements of Ordinance No.- 87-269, ‘as-amended-
whrch are: summarized in. Chapter 3.mw- R

R,

2.3.1 - EXCAVATION o FILL . - *%;cwtmglawwﬁ

2 PO YR
[ T U F ) n‘

-No, gradlng permrt As. requrred for an.excavatlon or- flll that;

satisfies all of the following criteria: R TR

1. Is less than 4- feet in'vertical depth.at its"
deepest polnt as measured from the natural ground.

RPN Cy T

‘2 Will not result in a total quantrtyxof more than
. ..200.cubic’ yards ..of material beingiremoved: from,
deposrted on, or disturbed. on any lot, 'parcel, or
subd1visron thereof.u ST Jk‘ﬁ CoTM RN

ﬂ3 Wlll not lmpalr existing surface drainage, constr-‘
<+ "tute’a potential erosion hazard,.or actsas.ia.
. source-.of- sedlmentatlon.towanyzadjacentwland.or.

'.Qstatercourse. ThiS'condition‘requires that’vegeta-g‘

- ‘tive cover be: re-establlshed immedrately'on all
‘N‘disturbed areas.., ‘ﬁp\ Prokiot oo raguﬁﬁ :
;;4 Will have no fill placed on a surface havrng a
..8lope- steeper than. 5 feet horlzontal to- 1 foot
, vertical. _ i
5. Will have no frnal slopes cut steeper than 3 feet
horizontal to 1 foot vertical. ’

6. 0 TWill: not contarn hazardous substances.
In addltlon, the followrng actlvities do,not requrre a
grading permit.-.- N 2 ST SRR APV

1. Burral w1th1n approved human or animal cemeterles.

;. 2% . Construction.of accessory structures related to.-
5 wrn: single-family residences,or..-duplex: structures -
. ~authorized by a.building permit;s provided:the-:

disturbed material or fill is handled: in:such-a:is. -

manner as to -conform to the approved erosion
pgge:ojgacontrol plan for:the area’ ‘or, where no: 'such’ ero-i

gnR370/016 0314 2-4
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. .sion control. -plan is in effect,- that -such. work ..is
. ....performed in.conformance with the:basic principles

.,,ofderOSLonuandvsedlmentatlon_control as‘vcontained:

:.in Chapter 10, Section 10.1:2-0f .this manual. sw:iv

R R
PR T

2.3.2 AGRIQULT PRACTICES

. "“\--":-“ . ‘.,,g' l“m“‘. ‘:}L
iNo gradlng permit is. requlred for agrlcultural land manage-
ment practices approved by therU S -Department; ofrAgrlcul-‘_

'ture (USDA), Soil. Conservatlon Servrce (scs), as.long.-as;the

condltaons of . Section 2. 3.1 are, satlsfled .and . ex1sting dra1n~
age is not 'rerouted.. . Typical accepted agrlcultural,practices

‘include plowing, cultivation,'nursery operations such .as;the

removal of or transplanting of cultivated sod. and trees, . and
tree cuttings at or above existing ground level that leave
the stump, ground °°Ver"%_niW‘ﬁwg,n ' '

2.3.3 MAINTENANCE GRADING

N - O ot :,- .
e : £ Doonlan., b S “.‘.F.z'.‘ N whs

"”No gradlng permlt is requlred for grading as a: maintenancei
“measure,,or for: landscaping on. developed . lots. or: .parcels.

wzth exlstlng structures, prov1ded all . of .the follow;ng
criterla are mets ) ‘ et

1. The aggregate area affected or-stripped; ataany one;
~ time does not exceed 10,000 square feet and is not
~within a natural. dralnageway {e. g.,.des;gnated

flood plain) ,KH;.RH‘ SO ‘ (o -

;2 The grade change does not - exceed 18<inches at any
_ point .and does not alter the direction ofﬂthe‘
‘ dralnage flow path. . - e

R K

3. Proper vegetative cover is re—establishedyas soon”
as possible on all disturbed - areas.hg~~ 5

4. The.grading does. not. .involve, a: quantatyrof

material in excess of 200 cubic yardslewanﬁtg; At
©2.3.4 PUBLIC UTILITIES ., . . ... . #is p

.No gradlng permlt\iserequired for installation of lateral
4sewer Alines, telephone-lines,.electrical:lines, gas lines,

or other, public Bervice facilitles.; Although .exempt, public

-agenc1es installlng such llnes or. other‘publlc service

"gnR370/016_0314 2-5‘“~
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facilitiesﬁshallfcomplz!With1the‘applicable standards con-

tained.in this 'manual.¥ Public agencies shall-submit docu-

ments..to: the: Engineer of Public-Works for-consistency re-
views and to allow coordination with other- activ1ties.

2.3.5 DEPARTMENT OF PUBLIC WORKS ROJEQT

R L ik - [

No grading permit is required for projects performed by the
Department}of Public Works, including facilities mafhtee
nancef\right—of-way projects, ‘and ‘storm ‘sewer- ordstreet
¢ofstriction. ' The City of" Huntsvrlle shall design;

construct ‘and maintain- all: appropriate public works projects

in’-accordance Wlth the applicable standards contained in'

this manual.m.m”‘.
Jire et 0 XA i

2.4 ° GRADING 'AND BUILDING PERMIT ' '~ ‘' d<
AEELLEAEEQH.EBQQEDURES

e ] . . .
v v‘. B el B A .l

ﬂ;Flow charts for the processing of building and grading;
“ pexmit.;applications- and-foxr obtaining subdivision: approvals
. are~presented’‘in-Figures- 2-1, 2-2;-andi2-3," respectivelyw
- Additional -details of application procedures are presented

below. ' B R PIEE

2, 4.1+ NUMBER" OF. COPIES [;‘jfff“

E i e B B SRR
LR YRR VRS RO TS i AR e - ’ R

Each application for a grading or building permit for which
approval of the Engineer of Public Works“is required shall

include three (3) copies of plans showing information. re-

quired:under Section-2.4.2 for- review of the- proposed work

by ithe~Engineer -of Public Works. ‘Plans shall be certified

by a registered engineer, landscape-architect, or land

: surveyor, as appropriate.:.

2 4 2 REQUIRED JINFORMATION

Aicomplete: application package shall include‘information on
the follow;ng ‘itemsy - - < By

‘1. A complete plan of the proposed development at a
scale no less than 1 inch = 100 feet. This plan

.sﬂwdw‘ stwtorinclude existing and proposed-contours v ats

sintervals no. greater than -2 feet:with at“least ‘one
$wbenchmark required, including ‘the: elevation Tela-
- Ttive to- National Geodetic'Vertical~Datum ' (NGVD)

A

gnR370/016_0314 2-6-" R A
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Contours shall extend to the centerline of all
roads/streets bordering the site.wwv~
IR

()

T g 2 Existing and proposed buildings, impervious sur-
o : faces, easements,right-of:way'land,:and drainage
structures, including inlets, catch baSins, man-

roox o --holes, junction.-boxes, driveway. pipes;.’ culverts,A
R aﬁpgcross drains, headwalls,- outlet ‘facilities, and
sl osanitary sewers, with size,- type, slope, invert

fmﬂelevations, and,quantity indicated;‘ AT
phie onm ik e

- "”‘3.7 s ‘,‘..».,

‘:3 If a- project Will be constructed inkphases, commcn'
faCilities -and phasing schedules.. .+

TN

- Hydrologic and hydraulic calculations-:for 'appro-
. priate design conditions. and. facilities, including
detention4retention .facilities and-reservoir.

as* routing .calculations: as- required by Chapter 9 of
this manual. : L

:ﬁﬁiw—-’ *‘-_‘

S.W A.nx proposed. ditches or:channel . improvements, with

-'puypical -section- and proposed llmitl of change
:nindicated iy o L Lot TN

B »/A;

O

; 6 sAny high water marks or. flood lines,aeither calcu-
ot = . liated.or observed in: the' vicinity of the proposed

development, and' the source- of said line or eleva-
tion indicated.

i:Alqulll areas indicated as such, with the limits
and elevation indicated.wssfl ;ggp«;,
“8 Drainage arrows indicating the existing and pro-‘
- peosed direction of runoff. throughout the plan.

19 Invert and top of grate elevations.on. all. catch
| basins and.inlets. in addition. to:flow.line=eleva-.
tions, stations, and percent grades of all cross
drains and pipe between inlets and catchsbasihsl»i

.10. -For flood Plain areas, designated £loodway along'
-,n,w ewith. regulatory flood elevations, cut:and. fildlw::

.. . :CrOSS: sectionsland calculations, and:lowest« floor
~elevations. for buildings in.the: flood plain.

'hyHydraulic calculations should be submitted ‘when
:appropriate. D s

. . k
. . i . . . e
. S0 cady . E L I T A A
- 1 Lotn L od TR Floowe N - by .
. ."'1 e L " - M S . o . e - i - -y “ - Lo v - . -
-~ ! )
:.,, . . 7
: . o

* . 'gnR370/016_0314 2-7 ..
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11. Temporary erosion .and.sedimentation control C)
measures (straw bales, silt fence, etc.) to
-+, ... .be implemented during . .construction,  as required by
Sl B Chapter 10 of thls manual,m‘nWwM.. EHN

.‘*‘

012, Final stabilization measures proposed for all
4x _disturbed. areas. on:the property..-Areas with
; ...slopes.equal to or greater than :two feet
horizontal :to.one:foot vertical:shall be
stabilized with riprap or another equally
Leesis s ..effective stabilization measure.' “Stabilization
for each:ditch shall bewshown..:: . i.in:

'. ey T n‘.u
” PRSI

~7 ;13. -Where special structures such as box.,culverts,.
. “" .bridges, or: junction boxes -are. proposed, detail
o+ plans  showing dimensions, reinforcement, spacing,
e, <'.;s8ections, elevations, '‘and other pertinent
 information. SRR

- . 14 ., A summary of the quantities of materials :to be
Leie - or-used and . an:estimate .of the ‘costiof.construction.
and completion of improvements:required by this
manual (for which maintenance of such improvements <:>
...byrthe -City-is. required.or -anticipated) :shall be
... ~provided sol as to.determine‘ the amount of the bond
required under ‘Section 2.5. 6 herein. j‘
15. Plans and calculations s;gned and sealed by a .
we- .- registered engineer, -landscape. architect; or land -~
surveyor, 1f appropriate, if application is for a
. grading permit. If application is for a building
v sy permit), signature-and seal of a registered
i engineer-is required. - T ae Tl n

- Additional -information requlred”fer various-ifacility
components is covered ln Chapter 3 Sectlon 3#2-w
Ela 00 i T

T . RS e ,'jr'" AL
“..‘—,.:«_. R : . e . A 4K,

2 4@3 POSTING

Work requiring a building or: grading :permit shall not be:
commenced: until the- permit holder -or -hisragenthas posted.
thewpermit !in:a conspicuous placevon .thexfront of the.
premises i :.The- permlt ghall ‘bé .protected from.the weather:
- andivbe splaced’ to allow’ easy . ‘access. for recording entries.:
The building permit shall remain posted by:the:permit holder

gnR370/016_0314. 2-8 -
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32.4 6 OTHER PERMITS

2 5. 1 RIGHT OF ENTRY ;- 5,5'-‘i‘w ‘<ww,>¢~

'Egggﬁzl&éﬁigﬂﬂ ‘ : o 7218934

until the certificate of ‘occupancy. has been issued: by the
Inspection. Department.  The'.grading- permitishalli- remain

posted: by the permit holder until the work. has been approved
s il ]

by the Engineer'of Public Works.{».uifw

L A IR P
‘=-, N :*,,‘,‘_ AR EN

2¢4Q4x EFFECT

Grading permits issued by the Englneer of Public Works and.

building permits+approved- by the:Engineer:of: ‘Public: Works

and issued by the City of Huntsville InspectionDepartment

- shall be construed to be a license to proceed . with the work

governed by :this manual and shall not bec¢onstruedias

- authority to violate, cancel, alter, or set aside any of the
.provisions. of the: permit, nor-shall. issuance of~+ajpermit
" prevent-'the Engineer of “Public: Works ‘from theéereafter
‘requiring:a correction of-errors:‘in plans,(errors
: construction or violations of these regulations.‘:

fin

.o Loy
y.,‘,!,,.‘.‘

e

2 4 5 TIME LIMITS

olUnless the~work governed by thls manual and authorized by a
~grading or' building“permit ‘1s ‘commenced: within*ﬂsﬂmonths

after the date the permit:was issued, the: -permitiishall
become invalid and a new permit shall be required. If the
work authorized by such permit is.not™ ompleted ‘in
accoxrdance with approved timing schedules, the permit, with

respect: to these: regulatLOns, shall be invalid;’ however,dfor
just. and; reasonable::cause,one extension# forra period not
"~ exceeding: ninety (90) ‘days:may be -allowed.: "Requests for

such. a. time extension:shall-be submitted: in. Writing ‘to the

Engineer of ‘Public- Works, and authorization for. suchfa“time
extension  shall - be: in writing. This: requirement does not
‘replace, ralter, or change: any.: ‘other! requirements or
‘regulations of the Inspection Department.. ERURI

Approval by the Engineer of Public Works does not relieve

" the applicant of responsibility for-obtainingidany other

required permits.

,w:2;5. ENFORQEMENT »~1:-ffv:$r§r;;_xﬁﬁw

R R U TR o S PR 5 T RO S

.L Lt " . s . i S N .‘ l.‘:."" [ERNE .nl‘

:The Engineer of PublicsWorks, ‘or.’ any: duly authorized repre-‘

gnR370/016_0314 2-9.
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'sentatives, -may,-entar upon.the premises:-of any land within
the. City, of Huntsvxile for; which ‘an applicationgfor\either a
grading;or building permit has.been filed. for the purpose:of
- inspecting the site before,. during, and. upon concluSion of
construction to or other land disturbance activity to
determine compliance with the requirements of this manual

and the grading or building permit. The acceptance of a
grading or building permit shall be. construed. as- permission
by the: applicant for entry upon: the premises for; such
inspectionsv :,gofng i gk Dl : ; .

2 5 2 m S R N T A PO R N

.The Engineer of Public WOrks may revoke an approved grading
permit when informed of any, false statement or misrepresenc:
tation of facts. in the application .or plans on which;the
approval is based. ' The.Engineer: of Public Works mayﬁrequest
the revocation of an approved building permit by the
Inspection Department when informed of any false.statement

. or misrepresentation of facts in the application ‘or plans on

fﬁwhich ‘approval :is based. .:The:applicant may. appeal.the
- revocation .of: an approved grading permit. in. accordance\With
" the. procedures outlined,in Section 245 7w Wi i A

2 5 3 STOP WORK ORDER | ;ngyﬁud;f;; ,;;'”“

Upon notice from the Engineer of‘Public Works, work governed
by this-manual which:is being. performed on. any..site; .within
the City .of Huntsville . Without an approved gradingkor ‘build- .
'ing permit, in violation:of the:conditions.for .an; approved y
grading or -building. permit, eor. in; a. dangerous .or unsafe
manner, shall be~stopped:" immediatelymn Such notice shall be
in writing, shall be. delivered to.the owner of-:the property,
his agent, or the person doing :the- work,: and- shall state:the
. conditions under which the work may be resumed. The appli-
cant may appeal the stop work order in accordance: with the
procedures outlined in Section 2.5. 7. '

2 5 4 CORRECTIVE MEASURES

. Any non-permitted drainage system, construction, or fill
located within a flood’ ‘plain shall, upon written notice from
the Engineer of Public ‘Works, be removed at the property
owner’s expense. Where any violation | is _discovered, the
responsible party shall restore the land to its state priocr
to .the .violation. The applicant may;appeal the, required

gnR370/016_0314 . 2-10- BRI
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, consrdered a- separate offense.;;~,mh1¢ TSNP ES So

) 2.5. s BOND EQUIREMENTS

HUNTSVILLE-SMM e ee

corrective measures in accordance with the procedures
outlined in Section 2 5. 7.Twmm' vr‘nuwv; L :

2. 5 5 PENALTIES AND QQECTIONS

f» Lt That

Any vrolation of these regulations shall be punishable by a
fine ‘of not more than $500.00 for each and every violation.
Each: day. that-a wviolation: remains uncorrected shall bek

R S R

In addition to all other remedies provrded by law, themCLty

of: Huntsv1lle shall have the right Ao inguncﬁivewrelieﬁffon

The City of Huntsville shall require the providing of ar
performance  bond . .to. guarantee +theproper construction.and:
completion..of improvements required.by this: manual for which.

. maintenance  of ;such-r improvements :bywthe City is regquired ior:

anticipated. ; . The ‘amount - of.-the; bond.:shallibe : ‘based:onsan
estimated. cost ‘of .the: required improvements:provided. by ‘the:
applicant and approved by the: Engineer of. Public ‘Works.:
Bond requirements may. be fulfilled by the bond submitted to
obtain subdivision approval, provided improvements required
by this manual .were:- conSidered iin determining the
subdivision bond amount. The bond shall be approved by the
Legal. Department . as..to.. .form, sufficiency and: manner of:
execution and shall-be.. (1) & _bond secured by . an.sinsurance
company licensed by the. State of ~Alabama. orn(2) a: cash:
bond: .or (3) an _irrevocable letter; of;credit from-an

’Vapproved lending institution. -Bond is ‘not.: normally’ re-:

quired for improvements which shall not - be maintained :by.the:
c;ty of Huntsvrlle..

2.5.7 APPEALS

An applicant for a grading or. building permit may appeal any
decision of the Engineer of Public Works:-with.respect to
this manual. A notice of appeal must be in writing, -
specifying.the. .grounds . thereof, and :must :be: filed:with the
Engineer of’ Public Works and .the Stormwater. Management Board
within 15 days after such decision of the Engineer of Public
Works. A hearing will be scheduled. and the appellant given

~opportunity to present his appeal. The Engineer of Public

Works shall also be granted the opportunity to present his

gnR370/016_0314 2-10A
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findings. . Every decision .of the Stormwater: Management -Board
shall be final, subject to such remedy as-any: aggrieved (:D
party may have at law or in equity '
B U ATE: 0 AL AN IR R

2 6 CONSTRUCTION INSPECTIONS ‘

I A . aorenenl T T e
The‘Engineerfof-Public Works,ﬂat his'discretionf shall ‘in<
spect or cause to be inspected,:at various- intervals, ‘all
construction or grading for which a grading permit has been
issued or a building permit. ‘has. been approved.; ‘The: Engineer
of ‘Public- ' Works may direct-ithat- additional’testing:andiin-.
spection be- performed. ~If such additional’testing.and in-

. spection reveal that the construction and materials conform
- to the permit requirements, the costs of :suchradditional
testing and inspection shall be paid by the City of Hunts-
ville.: . If such additional:. testing.and inspection.reveal:
that.the construction and:materials . do' not:conform.toithe.
permit  requirements,; the: costs .of. such.-additional- testing
sand inspection shall be- paid. by the:.permit ‘holder ;i Al
“nonconforming construction and matexial.shall®be removed:and
replaced- w1th conforming construction and material at no

L . . . LR - . PR Sl T ' J'mv
e o T wrdkie o

2 7 AS-BUILTﬁCERTIFICATION'

SaEs EREUR S

The final step in- the permit process under\thls manual
involves as-built:.certification. As<built: certification
from a registered engineer, landscape architect, or:land.
surveyor, as- appropriate,"Shall‘be'required,"and ‘the
certification shall include the followrng items, s appro-
prj_,ate-'w‘%"-;-x._._‘ T e e S T AT

1. A letter certifying that drainage fac111ties,
erosion and sedimentation control measures, and
other improvements are complete and functional as
required by, the appropriate regulations and thef
approved permit.~ SHE L o e s ln

u - =X o . e o HRC
2. Record drawings: showrng the final gradesx eleva--
tions, and location of facmlities.(-v: S e

' gnR370/016_0314  2=10B’
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C | _ ' Applicant ' : . '

~ Pick Up Rotting Slip fram the 3 . o
City of Huntswvilla Inspection -~ | ~ -~ - - : ‘ ‘ C oy
Benartment . . . . o

“#”¢I:"i;*

. |1s Structure an Mdmon to Exlsting S
) : Building Structure? -

i b
: T i
5 19/7.‘4: L H No b . e a R

. N A S ST ek -

: ) 4 *1' 18 Structure Within a Subdivision that
L Aqaition a Residential Single~ |. :ovxw -] - Has Received Final Approval from the
 Family or Duplex Dwefling? = |- .| City of Huntsville Planning Commission ?

See City of Huntsville

; Y_a Planning Department *

e e e T 1 1 Structure @ Residential Dwelling
(Apartment, House, Duplex, etc.)?.: .

i

- Submit Required
Lo B B * Information 1o the o
No .- | Following: o

Pves :® City of Huntsville
; - {  Department of
O L R NPIE T ‘.Tmnsponauon- ¢

| SubMit Required Information to ‘ Huntsville
" Inspection Department for Fleview ) Utilities

S - |.* Madison County
S i . (if public sanitary

- - o sawer is not

. el o A " Permit Issued E : ‘ availahlg)

. ‘ : o, L e - Clty of Huntsville

. L : . : - . .1 Department of .
Public Works (see oL

- ‘Section 2.4) ‘

PN l"m ‘lc“-" ‘,li.e is

-~ located within a
designated Floodway
District, Floodway

-
[ ]

, ‘Clty of Huntsville - e e NN I~ o
'Department of Public Works ST mHE e e e 2 Fringe District, see
. . . .~ Chapter 3 for

‘ g»-|| Take Appraved Plans and Completed

|
™1 Routing Slip to inspection Department -

" Permit lssued .

S i FIGURE-2-1
Bunldmg Perrnlt Appllcatlon Procedure
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Engineer of Public Works, City of
Huntsville Department of Publlc Works

SRy
e e S e e e
y w = 1

“lof New Street or Subdnv&suon of Land?

Applicant... | . ... .

Does Grading Work Invoive Construction L

 Review Sections 222and .. . | - - i
", 2.3 and Determine if:a -~ . . - TR R
o, Grading Permitis Required - -

Contact the City of Huntsville
Planning Department i
1| ... .| (See Figures 2-1 and 2-3)

Y

Yes

i

Publlc Works

No Permit Needed from Departiment of

.Submit. Three Sets of Plans to Department of .

Revised.

= | Public Works for Review and Approval. See Section 2.4. leg Sme"%'
: Are Plans Adequate?
T Flesponse to Appllcant
Defining Deficiencies or

Permitissued | ...

o fapate s n A

.2 Need.for Additional
-+ Information

b

" FIGURE 2-2
Grading Permit Application Procedure
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0

0O

Applicant

|

Layout Approval -

) Plat Requirements
. See Subdivision
Regulations

Signatures Required

. Dept. of Transportation
< Sight Visibility
-Statement by Owners

: Engmear

Submittats

© Planning Commission

© by 5:00 PM Wednesday
. Two Weeks Before

; Subdivision Committee
s Mesting

Y

y

i Preliminary Approval

Final Approval

iComplete Construction Plans

|Finat Plat Requirements

- See Subdivision Regulations . See Subdivision -
for Requirements Reguilations
Signatures Required Signatures Required -
| Dept of Public Works +Qwner of Record
‘Land Surveyor
. Dept of Teansportation {Deot. of Public Woks -
I Hyntsvilie Gas Dept. JHuntsville Utilities - '
Madison Co. Heaith Dept.
i Telephone Company ; . o
. Planning Commission
Cable TV Company o
-|* Madison Co, Heatth Officer Opn“monm1urgﬁ
¢ (Include Septic Tank Plan) it Recuired |
B Submittsis ~ _Submittals
) Dept. aof Public Works by
. Monday of Week Prior to - " Planning Commission by
. Subdivision Commi ttee . 1200 P.M. Thursday Prior
' Meeting*” . to the Fourth Tuesday
‘planning Conmission uith '
'-;All Requlred Signatures b{
5:00 PM Wednesday Two Weeks
‘ Before Subdivision Committee
‘Mesting -
Meeting Dates
Planning Commission - Fourth Tuesday of Each Month
SubdM;ion Committee - Third Wednesday of Each Month

**Signature of Other Authorities Not Required Before

Submmal to the Dept. of Public Works

FIGURE 2:3-
Subdivision Approval
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Regulatlons 'for Facility Design
| | and Flood Plalns
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Chapter 3
REGULATIONS FOR FACILITnggﬁlgg AND FLOOD LAINS -

AL

[

CaED St s

:3‘“ \ ‘ : gEgIGN QRITERIA SUMMARY
Design oriteria presented throughout the manual are
summarized below.:additional details: on.these criterlamcan»f
be found:in+the: appropriate1chapter.’” 9 L

; )‘_,‘. LRI

Design storm return periods for components of stormwater
management fac;lities shall ‘be- as<follows'>~

S v NS RS R PR

EQE&;LEX.QQEEQEEEE T Return Period Section
u Open Channels "“"7“” | | 25-year' A

sfagnedt L [ !

- Check:: channels, us;ng the 100-year: returmn. period, to avoid
. flooding of existing:buildings:-or exceedlng*the requrred
B R AT ,

minlmum floor elevatlons.

. S “u.,‘ 'FM, T " X
”,gCulverts and Br1dges<for Roads,_Streets and‘Alleys

1. Minor and Major Arterials i:i's  25-year™¥

2. fMajor Collectors 25-year: i

3. Minor Collectors : l0-year

4, Residential and Local . l0=-year. .otumd

/5. Roadside Ditches' mvslo-ﬂearw;,,.ﬁ

: B R P o
Culvert and bridge capacitles should be checked usrng the
100-year return ‘period,’ to--ensure:ithat- ‘overtopping flood
cond;tions do not exceed 'l foot above the: topuof curb.aw‘

i ‘. P *: ;:;’ ‘ :.' .-M*J ; . - F
:;,Pavement Drainage*‘for: Roads, Streets and“Alleys o
.1, Minor:'and Major ArtePials: .. .. 25-year:- :

7.2.1
:2... Major Collectors ’ . ' zs;geara_ S 74201
3. Minor Collectors : 10-year - 7.2.1
4. Residential and Local ' 10-$ear* St PU2 01
‘ e -t : T 3 Virrade '

Pavement flooding spread limitations are summarlzed in Sec-
tion 7.1.2. ' In addition, the pavement surﬁace ‘gshall:be’:
placed: above the predicted surface elevation :for-the: 25—year
return period flood ofi‘hearby streams or. ‘cHannel. systems,
and rivers. Future flood elevations shall:be:used where

,future flood lnformatlonfls avallable. ;ues;unafm.twk‘ e

‘gnR370/f-024__-‘0314 - 3-1. " S R S e
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Storm Sewers for Roads, Streets .and Alleys;ﬁwm;g_ms

1. Minor and Major Arterials’ 25-year

2. Major Collectors . - 25=-year

3. Minor Collectors . ..; ... .. . l0-year

4., Resrdentxal and Local - lo-year
The.. impact of a 100-year return period.flood shall be
analyzed considering ‘adjacent:property andjbuildings,
emergency access, and public safety.

P v A

3.1.2 MANNING'S n VALUES |
B S B AU ST FECRR VS S SRR APV : S
Mannlng s n values: for components of - stormﬂater management
facrlrtres shall be as follows: :
. . s L e -

Aale s SRS S )

o Facrlltx Component Value " Section

*0pen Channels o :
. ‘1... Vegetative Class.C: ;i - See Equa. 5=1.... ::5.2.3 "
2. . -Vegetative Class.D. - ¢ u :-'See .Equai;5=2; .- . 5u2v3 -
3. Vegetative Class See Equaw. Sr»3{.-.. 1 w5423
5
5

m}:cn

4. Natural Channels See Tab. 5-5 :
5. .:+Rigid, Bare:Soil, ROck}zvy;SeegTab;va&ryﬁ

T Cut, Temporary, and -0 smregi, 00k Do ey
R:Lprap ehag y T g ety et

_‘Culverts . 3 PR S
1. Circular; Concrete ¢.0L2.. -
2. Circular Corrugated - .

. . Metal Pipe, (CMP) . ... 0,024 “;ﬂfﬁy-’“' 6.2.4

. 3;W,Structural Plate CMP 0 0328-0 0302 6.2.4
4,  .Box: Concreteg‘ gL 1¢9 . 0.012.. O QQ‘MEHLG 2.4.
5. Oval Concrete : . 0,012 6.2.4

el 6.2.4
6.2.4
6.2.4

60 ArCh CMP*“( . \‘,7 w 0 024 S L RN S
;. 7+  Structural- Plate Arch CMP -0 0327-0 0306ek¢:w
.“B; Arch Concrete o 0.012: e

Ill'wr;".‘ A-..,r.' L

‘tgPavement Dralnage gt adE e
1. Curb and Gutter _0.016 :

. ,
. ;X.u“

: Storm Sewers T
'wﬂ;l%. Circular- Conqrete
2.4 BOX. Concrete .. &
3. Arch Concrete::
54. - Oval Concrete

e 1040124
w |0 0 12

gnR370/024_0314 3-2 -7
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- Clrcular cHp | g;j,‘,‘:«,,;u.oz4~ 8.
6. Arch CMP T “-\‘:0:_’-‘;02.4 o 8

3,2 SUBMITTAL REQUIREMENTS

. All data, drainage computations, and'plans shall be submit;

ted to the Engineer of Public Works and shall be signed and
sealed by a registered professional engineer. If deficienc-
ies are identified by the Engineer of Public Works after .
reviewing data, computations, and plans, additional informa-
tion shall be submitted, as requested.

3.2.1 HYDROLOGIC PROCEDURES

Hydrologic data and computations used to determine peak dis-
charges and[or-f}dod hydrographs for the design of drainage:
facilities shall be consistent with the information present-
ed in Chapter 4. The guidelines summarized in Table 4-1
shall be used for selecting appropriate hydrologic proce-

. dures., Hydrologic calculations shall be based on existing

conditions and development under current zoning classifica-
tions within the watershed. Design discharge values avail-

~able to the"Englneer of Public Works from other projects or

studies may be used in the design and analysis of selected
stormwater management fECLlltles, as . appropriate

The following minimum- Lnformatlon shall be submltted to the

Engineer of Public Works:

1. Drainage area maps on ‘a -scale of 1 inch = 200.feet
or less, : C S

2. Soil maps

3. Run-off coefficients, rainfall intensities, curve
" numbers, design storms, rainfall excess, overland
- flow calculations, time of concentration, and
other pertlnent data in determlnlng peak run-off
rates. :

4. = Peak design discharges, included on plans to allow
easy determination of the design discharges for.
each component of the drainage system or stream;
the return period shall be indicated by subscrlpt

~on each peak design dlscharge.

 gnR370/024_0314 3.3, . oy
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5. Calculat;ons, along with hard coples cf computer
R input and output files, as appllcable.

gnR370/024_0314 3o o
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This section addresses the regulations for proposed and

‘Existing Facrlities '; ' P e s wawﬁas,m

' sideration- for:not: «improving. existing facrlities.,mImprove-”?

HUNTSVILLE-SMM ' ST g9k

3. 2 2+ OPEN CHANNELS

existing openchannels and: watercourses ‘within” and down-
stream:of:the proposed-development. - The required- ‘sectio

‘and lining material for open channels shall be conSistent
.With the criteria and procedures presented in:Chapter

i N e ,Y

Improvements may not be required:ifor existing City‘maintain<
ed open drainage systems unless it is determined’ by hydrau-

1lic calculations” that the proposed deveIopment increases“"*
flooding.:and ‘erosion : potential. The : Engineer of- Public
Works may .require the submittal ‘of data:'té‘support any’co

ments may include, but are notilimited to,'widening, deepen-
ing, paVing, grasSing, and piping the existing watercdurse.

L Firaad

Do
L.‘ ! i i W o . Ce e o

; Existing open drainage courses shall not be altered exceth

when the following conditions requiring improvements occur.v_

Ak

wﬂlt:x;The existing drainage ‘course’ has insuffic1en
capacity to carry the design flow (see
Section 3.1.1 and Chapter 5)

2. The existing drainage course requires rerouting
‘*-f~hbecause of: the development design and layout‘“ ”ﬁf

g'! A

::3.,_¢The existing drainage course is erratic# n R
: alignment, -which may create- drainage and e b
maintenance problems. 2
4, At street crossings, the existing drainage course
twio must-be. improved- as ‘required to.tie into the’ i
-proposed drainage structures. W : tae

LS L .‘ S e, 20

Public utility and drainage easements shall ‘be« dedicated

‘along existing drainage courses within the proposed- develop-’

ment. Offsite public utility and drainage easements shall
be required along existing drainage courses.f‘More detailed
information: is :contained in the section on easements found -
later in this section.

gnR370/024_0314 | 3-5 .. - SR ST S
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"Existing drainage courses that collect andconvey. storm -

Alterations to Ex15ting Fac1lities.4 ng S gl

9‘No alteration Will be permitted that increases the

A) s, T o . Lt . ."‘.. ‘J;i‘-\.:-‘;;'}', ,f "' G e

water run-off from the proposed development shall be’
analyzed downstream to ensure that.the proposed development»:
does not- increase the potential for flooding,.erOSLOn, cand -

sedimentation along the drainage course (see Section 3 S)Q‘f

Any drainage construction offsite from the‘proposed develop—
ment shall be accomplished ‘within dedicated public utility
and drainage easements. : B el i’

If the drainage course lies w1thin the Floodway DlStrlCt or
Floodway Fringe: District as shown.on .the; mapsgidentified by

the title Flood Boundarv and . Floodwav Maps,. City-of - w0 o
Huntsville, Alabama, Madison County, .any.: alterations to the

drainage course shall comply 'with all the’ requirements of ;..
the Federal Emergency Management Agency {FEMA).:.and ; <the. city ,
of HuntSVille Ordinance No. 87-269, as amended (see Appendix

B :. a e

" Regulatory. Profile Elevations along the. existing drainage

course.

,,,,,,

The watergsurface elevation and floodway w1dths, as deter-
mined for a loo—year-return period, shall be established
along drainage. courses to. determine minrmum floor. elevations
and floodway boundaries. @ . . ; T

Proposed Fac111ties

The regulations below pertain to proposed open drainage

channels and ditches required for .transport.of.stormwater
run~off. Existing watercourses and drainage channels that
require improvements: will also be- covered byathe following
regulations-wrm‘w LT e, SO TR PP

,llh;lThe proposed open channels shall be s;zed,to carry |

‘ ~;lthe des;gn flow (see Section 3. 1 1.and Chapter S)J

2. The water surface elevation and floodway‘widths;‘m
as determined for a 100-year return period, shall
be established along drainage courses to determine

- .gnR370/024_0314 3-6 -
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minimum f£loor elevations and floodway boundaries.
See Section 3.4 for addltlonal standards and
~;*w1requ1rements on. dralnage courses.n

RIS SR L i . SRR
'3.,,gProposed open channels shallﬁbewprotected from
| erosion - by lining the side slopes and bottom if
.-the: velocrtles expected:in:the ¢hannel:iwill.create
~an erosion. problem., - xAcceptablempermanent.channel
lining materlalsmare,concrete} riprapy:and vegeta-
tion (see Chapter 5).' Until permanent stabiliza-
;tioniis.established;:a temporary lanlng :0f synthe-
«tici(e.g. geotextile) .or:natural:(e.qg., straw
mulch) material shall be: provided... - Maximum side
slopes are as fOllOWS' '
¥ e, ¢

';nuhining[Materialigpf:

P

- Maximum Side‘_

'u;:.;no: ...concrete, Grouted, Riprap. .

. . S 1:1
. . Ungrouted Riprap, Rock. Llned ' ' 2:1
. Solid Sod in Non-Resrdentlal
et Subdrvrsion sl it
T Vegetatlve,ln Non-Residential Subd;visron | 3:1
4:1

Vegetative in Residentral Subdivision,
»; Includes .Solid, sSod.: ! :

Jaed

AP e L L B R B R B
The lining shall extend upslope a sufficaent
. gie..distance to.containthe.design:storm flow with.
‘ appropriate freeboard {generally:20 percent of
~design storm flow depth).
4. Open channel drainage will not. be permltted along‘
CUin il wSide lot lines. -Underground.pipes. and:facilities:.
I shall be.. provrded -along,the:side’lot:lines.to the-.
%back easement line.-: The Engineer»of Public. Works:
vy WLll consider exceptlons tO‘thlS requarement=form.

' i'proVLdewthe CltY adequate access to theropenr
channel WERY. e

fin .»_;‘» RN b ..:‘;-’- e 5]4 i ,4,.1,»..-.., SR

R LAY
b. The exxsting or proposed channel requlres a
RalongiE AL T 42-inch, concrete, .pipe (or-equivalent) or
B greater to' carry.the,design flow and the
‘ . channel is designed to prevent erosion and
rﬁﬂpp,ﬁgjy r*sedlmentationwproblemsr ISR

R

gnR370/024_0314 - 3-7,
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e, The .open channel“is an exIStlng"channel or -
drainage course located in steep terrain and
e gnguu“consistlng prlmarlly of natural rock

:;“In addltion to these requirements, open channel
‘ dralnage will not be allowed .when:- the channel
meets:- the follow1ng condltlons.éw

Eeoiedy S

N - . . . it \, y,
SRR 0 T S TS :

?vChannel depth exceeds 12 feet in- depth along

Msie, 0o development. ‘~34mw:“‘@«r%u[

b. Channel creates a dangerousdsitnation for the
public due to.depth-and/or:location.

c. Channel ' creates access’ problems for City
maintenance of publlc utllltles.

T

Channel lles in close proxlmlty to existing
bulldlng structures._r ' - ,
Channel iszis less than 200 feet in length
and can be replaced us;ng underground pipe.

0

ca PR T L

Channel lles along streets W1th curb and
gutter., RERN PR o s

Easements ‘ o
Vigrria b L S S e ' ‘ R ’
As utility and“drainage ‘easement shall ‘be: required along all
-drainageécourses located within-a. develOpment ori-
subdivision.® The.easement-shall‘be of" sufficient»WLdth to
containutheentire:drainage ‘course as well:as providlng
adequate space for access for maintenance purposes. The
easement shall also prov1de ample width to preserve the
naturaliintegrity ‘of ‘the dralnage course -and 'to prevent
building ‘ofstructures:within.areas reserved:for the flow of
stormwater run-off. Minimum widths shall»be -as specified
below: ‘

R S ENE

1“ .

”~VEgetat1vevor flexible llnings.-410 feet from top
‘rof bank on each 51de,~\ RN

' tzi\l'.’}!"{..w i iy "““;f?"-i e 4 : PR R S AT g
2. Rigid llnlngs.\ 5 feet from top of bank on each <:)
gnR370/024_0314 3-8 -
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side.

Easements shall be provided of suffioientwwidth to allow for
future widening and improvements to. - any: drainage ‘course: when
required by the Engineer of Public Works.

Plan Reguirements

1. Design discharges along the channelrat most upstream‘
points in the subdivision or development and at
points when additional .pipes.: oreditches ‘are. flowmng
into the channel :

b "NChannel alignment
. “q?’.) o . !
. 3. Channel dimenSLOnshand side slopes, and lining,
z* » ,materlal T T T Y A R A
4, ‘Profile showing flow line, slope, and natural and
(nhﬁd,;finished ground elevations, at channel centerlineﬂw:r
l ?’-T,,; f:;‘ L - S ” nE T L Wiwduin e T e
ﬂd_sﬁm¢;Cross section every 50 feet along centerline

6. Structural details
7. Water surface elevations

3.2;3“fcﬂtVERTs AND STORM SEWERS . . . ey

i~ s

‘derologié'data and computationsjshallfconform‘to‘the . 4ﬁzqr

requirements of Chapters 6 and 8 as appropriate. Hydraulic
calculations shall establish. capacities for.storm sewer and-

A

*culvertxfacilities.f_, pmfh P gufdlh,rahi r.»nwgarwmmm

1P1ans submitted to the Englneer of Public Works that show

proposed.storm sewer and culvert facxlities shall. include
the‘following information. ,;h;;z.,ﬂnahnldgg; R I

1 ...4"
il

oL

Pipe or culvert size. ,,fjcéﬁ_h S,
e

f!;CIass of pipe and material-fﬁ

&ﬁfuélﬂifPipe length and slope IT;};: “1”&q V}

4. Invert flow line elevations. . . .. . . ..

gnR370/024_0314  3-9
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5. Inlet locations |
G;rfrDeSLgn discharge j-s.f.;d.s}:r%,.yr_fegzr P
7. Ex1$ting drainagerfaCLlities‘“ o | o
8. Profile drawings 1ndicating finished cronnd‘h
: ‘televations Poetl : : SRR

J S P T,

tS.u%ﬁStrnctural details B Téﬁ%f#

All drainage’culrerts and storm sewers shall be reinforced
concrete, Class II reinforced concrete pipe“may‘be used in

non-traffic areas. Class III reinforced concrete pipe shall

be used in traffic areas with appropriate: bedding
requirements, unless the trafficloads dictate -use of higher
strength pipe.

s

Hydraulic grade line data shall -be provided.'<Storm sewer

» pipe under streets shall extend at least to the back lot
- % line easement unless--otherwise approved by the-Engineer of
i Public Works; as allowed in Section 3.2.2.

R . £ .o
e R e e ST

3.2.4. GUTTERS AND INLETS

e

EPI . i‘v;

Gutter and inlet capacrties shall be determined when new
streets are designed. The gutter.-and inlet hydrdulics df
streets and roadways shall be consistent with the criteria
and procedures presented~in Chapter 7;”, ﬂ»;'%f%w ﬁ\v*hg«f*”

i
PR . 5"*‘*1 .f' ‘ e

Inlets shall be placed 80 that at least’ 80 percent of’ the _
gutter flow is intercepted (i.e., maximum bypass. is 20 per-»

_cent). The maximum length of longitudinal curb and gutter

section without a™*Type .§" :inlet‘shall ‘be 300 feet. - * %~V{”
Calculations, as- detailed in Chapter 7, shall be made“tg 4w
ensure that new development and construction’ that:increases-:
run-off to existing streets does not violate maximum spread
limitations, as contained in Section' 7.1.2. - 'If the existing
spread on the street equals or exceeds the maximum allowed

-before considering the proposed -development;’ the  run-off

from the new development shall be transported by pipe to an

“existing storm sewer system. RO an G fenifrd SE{

. The following informationtshall'be provided:infthe5plans=

1. DeSign flow along the curb and gutter

gnR370/024 0314 - 310 - B
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2.“e‘Inlet'locations, interceptedwflow;%and‘bypase‘flow‘

"317“ Street profiles and: typical sectionsfmﬂwﬁ*

“!‘,“ }g!. g‘! '»4‘*_."'7“.:

The standard forfdeterminingrthearequirementdforwstorage :
systems;shall be that.the:calculated’peak rate ‘0f 'stormwater

.run=-off-shall be . no greater after develcpment: of ‘a*’site than

before development of ai'site. * The" ‘calculations ‘shall be

. made:considering a -ten-year-. -return period,’ twenty-four hour
‘duration, type II storm:distribution‘as’ defined“by ‘the Soil

Conservation Service (SCS), U.S. Department of Agriculture _
(USDA), for :both.ibefore-and -after developmént*site condi="
tions.:’-.The hydraulics ‘and’ deSign ‘of ‘stormwater storage"
systems . shall'be -consistent with: the! ‘criteria and procedures‘
presented in: Chapter.9. Storage' systems‘Will e required to
limit the. adverse. impacts of. increasedfrun-off: “ Retention’"

:» and/or.detention- facilities shall ‘be provzdedfin the’followd»

ing spec1f1c cases-

‘i.*'rUndersized faCllltiES, channels, and ditches are
;Nw~«*,a,located downstream of the*proposed development.r i

2 ;The implementation of detentionwandéor retention‘”
-~ .. :.cfacilitiesvhas. been determined: to-effectively. %" =
‘reduce the chance of downstream: damageSMcaused-byff
‘increased run-off.

N I . rot
TS T B AN RS EEL AN

Exemptions from: the reguirement for. retention‘andlor deten-
tion:facilities:shall be ‘given in the” following pecific

cases: o | e LU

1. Comercial or Industrialedevelopmentvwhich*add§ less
than 10,000 square feet of impervious surface,
provided all of the criteria-presented-in’ Section '
2.3.1 are satisfied. -

o T Cad :.“;.' PN ;_,‘,M.-“__r:;."‘ s

2. Any development where, based upon a competent
engineering study, use of-such-a’ facility will™
result in a greater potential for flooding, provid-
-ed;that-existing facilities,: channels, -and ditches

. will not exceed capac1ty. The study’ . shall be
prepared by a registered professional engineer and

¢gnR370/024_0314 - 3-11. RTINS
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shall include hydrologic and hydraulic calculations
~-in support thereof...tl. - ‘

‘3. Construction or’repair‘of, or. addition-to any.
residential dwelling located on Single lots within
. an approved subdivision. ‘ ‘ e

‘:4,?;Construction.orfrepair of, or addition to-any ' - ..»
..~ commercial or  industrial buildings or facilities
oo ineluding. parking areas 1ocated within an. approved,

. . subdiwision where an existing stormwater .detention:-

. ..or retention.facility has been. designed .and..con=-. .y

'Vstructed to meet the requirements of this manual e

Detention and&or retention fac;lities that are not required
may be allowed, ‘provided  such. facilities. have.no detrimental
effect on upstream, ‘downstream, and:adjacent: drainage. .
facilities and further provided that the calculated peakajs;
rate, of . stormwater.run-off.shall be no. greater .after.:: . .
development than before development.: . The hydraulics. andﬁn_“
d931gn of stormwater storage systems shall be:consistent: -
* with the criteria and procedures presented in Chapter 9 '

T

A maintenance plan approved by the Engineer of Public Works
will be required for any detention and/or retention
facility _Public .utility anddrainageieasements: of adequate
width shall be: required to provide. access.-to the facility
for maintenance activities. .. . i

The_following‘information shall be provideddin'tne plans='
~f3l;(;;Preedenelopment:andupost-developmentndesignlflood{;

- hydrographs for ‘the 100-year and: .l0-year. storm...
. return periods. - . : L

iy

. 2... Stage-storage data ... 4. .
3., Stage-discharge data . i .
4. Construction details - o
5: J‘DeSign criteria ff ;ii_<;v':’lﬁi ,,f?- -

pgﬁé:ithtructural details for spillway and outlet
i faCllltles. ' L e Ly -

-{

T
\n .
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3.2.6 - EROSION AND SEDIMENT CONTROL nn n gfch

An erOSion and sediment control plan must be approved by the
Engineer of Public Works for-all. land ‘alteration:activities
‘unless exempted (see Chapter 10). Any activity requiring a

grading permit, shall include an.erosion.and sediment control

'plan.~ Development of .an.erosion, ;and . :sediment :control plan

shall be. con51stent with, criteria and procedures presented
ln Chapter 10‘fﬁwsﬂ ‘rﬁswﬁ?w?mvan- ?wfwh;¢¢> Rl

Plans submitted to the Engineer of Public WOrks for

app:oval in.the building. permit.process: shall ;include an
erosion,and sediment control..plan, . unless- ‘no landﬁdisturb-

ance aCtLVltY is assoc1ated w1th the building

Y

'All subdivision plans submitted to the‘Engineer Oi‘PubllC

Works for lapproval shall include an erosion -and sediment
control. Plan't :',,:‘;f S e e ] e g

TR ] w.!-..?,.'t'w' el it

" ErOSion and sediment control plans are not required for sin- .
_ gle residential or_.commercial :lots.within-subdivision develop-
: ments. Thls does not.relieve . the, .builder. from: controlling

* the. eroSion .0f dirt, rock, debtis, -and. building..materials

onto public or private property\and Ainto.drainage.:systems
and streets. The builder or contractor is also not relieved
from any, .fines or -penalties. that. may -be. :issued:against him
forHViofation of. City’ ordinances. restricting ‘deposits of
debris on any street, alley, or public grounds: within the
City (Section 20, city of Huntsville Code of Ordinances).

If the Engineer of Public Works determines that the type or.
extent of the work being performed or planned will not cause
adverse impacts to the surrounding property, the requirement
for an erosion and sediment control plan may be waived.

The erosion and sediment control plan shall include a time
schedule detailing the sequence of erosion and sediment

-control measures along with the sequence of construction.

The components of an approved erosion and sediment control -

~plan shall be implemented and maintained to ensure that the

control measures are functioning as intended.

The Engineer of Public Works shall require the following

information on the erosion and sediment contrel plans:-
1. & complete plan' of ‘the proposed development.at‘a

gnR370/024_0314 . . 3=13
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‘scale no less than 1 inch =100 feet.:..This plan -
is to include existing and proposed contours at
intervals no - greater than 2- feet, w1th at least
one: benchmark required. R

:‘Existing and’ proposed buildings,‘impervious Lsure &
faces,cand drainage structures;" including inlets,
..catch'basins, ‘manholes, " ‘Junction 'boxes:, driveway
pipes, culverts, cross drains, headwalls, outlet

faCilities, and sanitary sewers.
B 4 \,...& L ‘.,.s‘),‘:"l“-.‘f t-q,‘ff J :';gv‘ i

*h~‘nels, ditches, drainage pipes, and structures‘“

,'i, v

4. Aall fill areas indicated as such, with the limits
- '% and elevations indicated. EE A e il

apd

5. Drainage arrows indicating the existing and AL
proposed direction of run-off throughout the plan.

".&r"’“’*P"h ERITS ” EpR-=X e‘u a*

RPN Temporary erosion and sediment control ‘Tieasures " to
"'?* ‘be - implemented during - construction,“including*a

‘time sequence schedule . for: the construction and‘*w

NGIOSlon control plan, S T ‘
: TR Liae T

Measures the builder or: contractor Will use”to
~-keep” ‘construction materials, including dirt, mud
and debris, off the streets.ﬂl;gw%{?-f~ R

il
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3 3 l FEMA LOQDWAY MAPS

are: establlshed Jn the: map3¢ent1tled Flood:Boundary: and 7
" Floodway Maps, City of Huntsville,: Alabama,sMadison*Céuntyi:

HUNTSVILLE-SMM | , el 1991v

3. 3 FLOOD ELEVATION AND FLOODWAY DATA - Lo e

TheJFEMA Floodway and Floodway Frlnge District ‘boundaries”

(Community Panels 010153 0001-0050), composed of the

- following .panels: issued by the:U.S. Department’! of* Housing“"*
and UrbanADevelopment, Federal: Insurance Administratlon“» '

Fowloog ot

" Panel Number . Effectlve Date

‘10, 15, 20 and 30 " Nov. 1, 1955
25‘,r 35, 40 and 50 ;n;qw\wSept 27 1985;.\7 z
P - USRI T T e e B T e PR
Informat;on pertaining;to the development of these maps dis::
presented;in the Flood-Insurance Study (FEMA,:1985):; whichw“

covers the incorporated area of the City-of:Huntsville;: swixs

-:;‘Madlson County, Alabama, excludlng the Redstone Arsenal.

i oy . o - : .
et i Ni . TR :j. ; S },.,r. & ¢ T TECI B I S

'-Flood elevatléns and floodway'llmlts;were developed for the:'

follow;ng streams usxng detalled methods-‘f P S AT

S SR I TES I P Streamw..,‘..ger;_; Lok

Tennessee River' : - S 332, 00 - 333 47
,~mrUnnamedaTributargﬁto,wu: B T s o uhu\” FIFERL 400
s.1:» - Tennessee: Riversi w.:t. uwr row o0 whi 0l 63 - 33204
Aldrldge Creek #rr, i fr’”*;gipﬁ Luﬁﬁf 2 100=:10.045
vg Huntsville Spring:.Branch- e L0978 =514, 64
»txPinhook Creeks,; fooatite w-fmm"r‘ A 14 647uii19407
.:East/ Fork: Plnhook‘Creek cr 020000599
* Blue_Spring- Creek w "pn.wiw; pen 0,008 =-u0598)
.+ . Dallas¢Branchs:, st s RN z‘O 00 = 1%71/
T,fUnnamed Tributary to: Pinhook+ G ey Gai
Creekq(Dallas Branch- Bypass) o Rl . 3%
Fagan Creek.s .« .00 o mesil oo 00 700uSt17379
Broglan Branch cewE et 05003 52
Dry'Creek - ‘0.00 - 0.86
:McDonald:Creek - : .. wstdloiii LoEve 3 ,67.=38v33%
~Unnamed.- Trmbutary to: McDonald Creek :: uO“Olv-'laOO
-Sherwood :Branch-.ir. ap.iiim 0 5 Fromert
Indian:Creek.. .’ .. oo 13 08:=-16:69"
Betts .Spring- Branch o e e 2026 =3 500
,Bradford Creek o |- ool %%Ixm?ﬁl.82"552¥96ﬁ

AL

0200 -*3#52'

- gnR370/024_0314 ~3-15. - B e
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Approximate. methods were used: on_four, ponding ‘areas in the
west-central portion of the City, on McDonald Creek upstream
of mile 8.33, in the ponding areas west of Ardmore:Highway :
at Brandontown, and at the point where Triana Boulevard
nears; Southern Railway.  These areas. were studied: by approx-
imate methods:because.of . .the: lack: of: exrsting or: expected
develOpment'along their flood plains,hw_-

A summary of the peak discharge data ueedstondeveloplthetmol
Flood Boundarx andxFloodway Map. data- is: presented: in:..u i
Table 3-1. '

3.3.2 UNPUBLISHED DATA

If a project is located in an unnumbered A zone ‘on the FEMA
maps or areas not covered by the FEMA maps, the appli-

cant shall provide base flood elevation .and floodway. data.as

documented’ in: a. Flood Plain Report when :the project*is b
greater than 5 acres. P oAl el MUY LmUC L LD et

'é In addition, a Flood Plain Report shall be required for
~ areas.outside. unnumbered: A .zones.or areas:not:.covered. by the

FEMA maps when the stream-has:a: drainage areasof:il square i
mile or greater. Approximate methods for flood level
determination may be used if approval is. granted by the
Engineer of Public Works. .

ne . D mada RO VM

The Flood Plain Report shall document. procedureSGand input

data: and provide plan and profile maps:-with:flood: elevations i

and floodway limits. Regulatory flood elevations:and
floodway limits shall be established us;ng peak~discharge
rates / based on existing conditions under-current:zoning
classifications. The plan view:shall.show.the:flooding
limits for 100- and 500-year return periods,' floodway base
line, cross section stations, and adjacent boundaries. The

profile should show stream:invert, cross.'section:stations,

and . computed water surface:.elevations,.:The report.should
also gshow :the drainage divides on the plan and theﬂ
zoning categories used. - RS i

"J

: Base flood elevation and floodway data submitted bywthe
'applicant for areas:previously:without-such:datajror where

channel improvements and/or mitigation'measures:result:in
changes - to.reported information, shall be: ‘reviewed by the
Engineer.of Public Works and, if acceptable, ‘shall ‘be pro-
cessed for. adoption as regulatory floodaplain management ’

gnR370/024_0314 3-16-"




“with. Ordinance No. 87-269, as.amended, Article.62 of thel.ix.
- Zoning. Ordlnance of- the CltY of. Huntsv;lle,aAlabama,ﬂas ‘

'iUnder theuéonlng Ordlnance lt‘shall be unlawfulnfor any

robtalned aspermit. for such - act1v1ty from the Englneer“of

3. 4 2 UNSTUDIED AREAS

to.the. requirements..of the- City'of»Huntsville Zonlng

HUNTSVILLE-SMM o e 19T

‘data. When the base flood. ‘elevation’and: floodway data -

submitted by the applicant result in a deviation from the _
data presented-on the.FEMA. maps,- such: deviationsxmay'becomea

;off;cral followrng review.and: approval: by: both: the’Engineer: .
- of Public Works .and FEMA, if.required. (if

€.t orlglnal inforh
mation applles unt11 revr31ons are approved) ‘

¥ (, B

.r;g!sgrqj}‘jsléanLooo«PLAiﬁ"

3.4.1 ZONING ORDINANCE

Uses permltted within the flood plaln shal rbelln accordance

presented_inﬂAppendix_A.\ The regulat;ons and: controls: set. -
forth shall be applied. within. the. -areas:: designated. by, themv
Zoning Ordinance.  However, nothlng shall prohibit the
application of Ordinance No.787=269;,,as amended, to lands

‘that can be demonstrated by generally accepted engxneerlng

person; firm, or.corporation to- carry. out anyumlnlng,.ar,‘wﬁ
filllng, gradingfspaving, excavation, or.drilling Operatlons
in .an. area designated as a. Floodway Distrlctﬂor“Floodway e
Fringe District-: (see: Sect;on 3:3.1) without:. havingsfirst.:

Public WOI'kS . j'\fL...;! B “\r\‘\."'

wr o e L jj--i.' R 1“, : PREEE LI L I P EE LT .
. No building permit will be issued where any part of the’
property ‘lies within any flood hazard area untll plans for

Englneer of Publlc Wbrks.

FEEEN

1 ,:
lp -"w‘ H Wik b

Development along streams not inciuded in.the~FEMA FlOdeaYﬁ
and Floodway: Fringe: Dlstrict study..area. shall-also:- conform;m

3

. A.J

Ordlnance, Article. .62, Floodwawaloodway;Fringe Districte: o,
Requlations (see Appendlx A}, latest revision. Additional

‘requirements. for.an:unstudied,k area:or:areas.where .regulatory

elevations and:floodway; boundaries.have :not.been:.detérmined:
are also’ given in Article 62 and Section 3 3d3e o nea it 5“.”

gnR370/024_0314 3-17- e




-Ordinance Article 62 (see Appendlx A)

‘located.within:public.utility and drainage easements’

'motorlsts"safety at'minimum addltlonal‘cost.llu

HUNTSVILLE=-SMM ' Lo L 1991

3.4. 3 ACTIVITIES WITHIN FLOOD PLAINS

[N .
'

aAll: land development, construction, and bulldlng actrvrtles
are:prohibited within. Floodways, except asy allowed by Zonlng

" R i T Eee
All constructlon or substantlal improvements of any struc-
ture shall have the lowest floor, including basement, eleva-
ted to at least l:.foot above the FEMA -base-flood elevation
(see Section 3.3.1).

I T -
el g L
el ':{ !" g S

3 4 4 SUBDIVISIQN

Land to be subdivrded shall be developed in: compllance w1th
the latest version-of:the’ Huntsville Subdivision: RegulatrOns
except that 'land located within 'FEMA - Floodway /Boundaries-
shall" not: -be subdlvrdedaor developed.~a~=fuwn'ws-asnﬂ» wﬁww

: . / BT S NS KL

o derat ‘- - -,‘«-- ; ",»Z‘

T R NADEQUAT FACILITIES AR
. o P RSP ACN I A b& v ‘J,-’f1 s

f If 1t is determlned that any proposed development “hagefoein e
{ inadequate storm sewer facilities downstream of the proposed
" development and:outside:its: propértyilines;’ thewEnglneeraof

Public Works.:shall not approve:the:development - -until - thes .

-problem-is. resolved. .. "Inadequate: storm!sewerqfaCLlltles”‘5*

shall.mean those. ‘insufficient'to’ carry thesdesigh flow*and
meet ‘the:designicritéria in. this manual and) thosernot il
I Storm
sewer facilities shall include pipes, culverts, ditches, "

o
A N

'channels, watercourses, and retentlon/detention ponds.

§ ‘.—s*' [ J

f\‘g"f'ﬁw o

3 6 TRAFFIC SAFE DRAINAGE&FACILITIES.H‘

’Q"

TR RN e s T PR
The City of Huntsville recognizes that design’ standards
change constantly ‘and become more efficient and. safer with.

time. The standards contained herein have been adopted to

B ensure that construction of new roadways;j:reconstruction-of:

existing roadways, ‘and “construction:of: driveway turnouts to-.
existing- roadways -is-accomplished in a’ manner“thatﬁmaxlmizes

‘Clear zone distance data from the American Assocrationﬁofeeé

State-Highway: Transportatlon OffiClalS (AASHTO)=(1988) ‘are.
presented in- Table 3.2, e ml W Cpb feddy i B
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,In general, the follow1ng options,hlisted in ordenﬂof
‘preference, are applicable to all drainage features-

,‘316;1I;

. fixed object protruding above ‘an otherw1se transversable

- gnR370/024_0314 . 3-19
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Parallel and transverse pipes and culverts and drop inlets
are common drainage system elements that 'shall be designed

.constructed, and maintained with both hydraulic efficiency

and roadside safety in mind.

;Design or modify drainage structurf
*transversable oF present a minimal
1‘derrant vehicle.;‘b' 8

~‘JA ER T

r3,._rIf a major drainage feature cannot be redeSigned
© - or relocated, ‘shield it by a suitable traffic
”"f”barrier if 1t lS in a vulnerable locatlon. '

The rest of this ‘section identifies the safety;problemsﬂ

. associated with pipes,'culverts, ‘and, drop inlets and’ offers*f
‘".recommendations concerning the location and design of these o
'features to 1mprove ‘their safety characteristics without _

‘ adversely affecting their hxdraulic capabilities ‘The:
.information ‘presented’ applies to all roadwa

‘ JFYE§S¢ﬂpd\»
projects. 'Typical’ ‘construction details for, prov1ding¥‘
traffic-safe drainage facilities are contained in‘the’

standard drawings (Appendix 3)

) ROSS*DRAINAG ”STRUCTURES ﬁ“ﬁﬁﬂ'

crete box culverts or structural plate pipes with clear‘“_”
spans of 10 feet or more. The potential” ‘hazard is efther a’

1 .

embankment or ‘an opening into ‘which-a’ vehicle can dro The¥i

drains with one of

'*"ii

Ithehfollow1ng methods-”‘; ’
_fitﬁ“ﬁUsing"a transversable designf" e
CE*?ST”“Extending the structure so it

; hlt A T
| hﬁhielﬁing_the“structuragjj~ﬁ-
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. Each ‘of these options are discussed below. f?‘:

Transversable'Designs~‘

The design engrneer should attempt to provide embankments as.
smooth or’ transversable as practical ‘for a glven facrllty.l
Transversable, non-recoverable slopes” should be ‘rounded atf
top and bottom and may provxde a relatively flat runout area
at the bottom. If a lope is generally transversable, the
preferred treatment for an cross-dralnage structure is to
extend (or shorten) it to lntercept ‘the" roadway ‘embankment
and to match ‘the inlet ‘or outlet slope to the embankment
-slope. For small culverts, no other treatment is required.

Slngle structures and ‘end treatments wrder than 36 anhes
" can be made transversable for passenger size vehrcles by
using bar grates or pipes to reduce the clear ‘opening width.
Figure 3-1.shows recommended sizes to. ‘support. a: full size
automobile and is based on a 30-inch’ bar spacing. It ls,“’w
\¥ important’ to note that the toe of ‘the embankment’ slope,a“dﬂf.
. the ditch or streambed area immedlately adjacent to’ "the’ o
' culvert must be’ falrly transversable if. the use of a‘grate
4. b e Ll d ub
is to have any srgnlflcant safety beneflts. -
grading” wrthln the rlght of-way llmlts can produce a
satlsfactory runout path - L )

For median drainage where flood debris is not & concern and
mowing operations are frequently. requlred, -much smaller

openings between bars can be tolerated. Flgure ‘3-2“shows a
median dralnage inlet. desrgn that can be used where cover lsh‘
lnsufflcrent to’ construct a drop inlet drrectly across the )

cross-dralnage plpe.::; S

: R o o T
Extension of Structures

For lntermedlate srzed pipes and culverts for whrch rnlets "
and outlets cannot readlly be made transversable, the o ‘f
structure can be extended | at or just beyond the approprlate ..
clear zone. However, the: extended culvert headwall may
become the only SLgnlflcant man-made flxed object hazard
immediately at the edge of the clear zone along ‘the section
of roadway -under. design. In that case and if the roadside
ig' generally transversable to ‘the right-of-way 1ine 7
elsewhere, extending the culvert to. the edge- of, the clear
zone may not be the best alternative. This ‘is particularly

gnR370/024_0314 | 3220
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3.6.2 PARALLEL DRAINAGE FEA'I‘URES S

- struck at 90 degrees by vehicles run off the road should be
'constructed with’' 6:1" slopes or flatter for. locations suscep- ‘

HUNTSVILL.E-SMM o .. 1991.

true on freeways and other high. speed, controlled access
facilities.
Conversely, if the roadway has numerous fixed objects, both

" natural and man-made, at the edge of the'clear: zone, .
"extending individual structures to the ,same minimum distance ,
. from traffic may be appropriate. However, “the. preferred '
- safety treatment is usually to redesign the inlet/outlet so .

it lS no longer a fixed object hazard.z o

Shlelding‘"

Major drainage structures ‘are’ costly to extend and often_‘;”f
have" end sections that . cannot be’ made trans-versable., In"
such cases; shielding with'an: appropriate traffi¢c barrier N
is often the most effective safety treatment. ‘The traffic"
barrier will be longer and closer to ‘the roadway than the
structure opening and more likely to be: hlt than ‘a 'shielded

‘culvert located further from the traveled way. Neverthe-

less, a properly desrgned installed, ‘and maintained barrier

wsystem may provide an increased level of safety for errant
tgmotorists.‘p‘

Parallel or side drain' culverts are typically used under .
driveways, field entrances, access ramps, intersecting side
roads, and median: cr0550vers. "As w1th cross-drainage struc-;
tures, the designer’s’ primary concern should-be to’ design o
generally transversable slopes and to match the" culvert
opening with adjacent slopes. Embankment slopes" that can be

T -

tible ‘to high speed impacts (speed limit areas of 40 miles
per hour or greater). On low volume roads with low speed
limits, a 3:1 slope or flatter shall be used. With these
guidelines, safety treatment options are similar ‘to- those-
for cross-drainage structures. The design engineer involved
in the’ design of parallel drainage features shall minimize"

"the” hazard of the drainage structures by usrng one of the 1:‘

followrng methods._‘
'"j‘l,j Eliminate theiStructure;‘fi.;f"f?““
2.*5'Use“a“transversable design:

3. Move the structure laterally to a less vulnerable

| gnR370/024 0314 3-21
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-~ location.
4. shield the structure.

Eliminate'fﬁe;ﬁﬁzggﬁg;éffﬂ”“

[

Unlike cross-drainage pipes and culverts, which are
essential for proper drainage and operation of a road or
street, parallel pipes can sometimes be eliminated by. .
constructing an overflow section on the field entrance,“"'
driveway, intersecting side. road, or median crossover. This
‘treatment will be appropriate only'at low volume locations o
where it does not decrease the 51ght distance available to .
drivers entering the main road.,

ggansversab;g;pesigns‘f

Embankments shall be designed with consideration given to
their effect on the roadSLde environment. Parallel: drainage
M%structures shall match the selected side 310pe and shall be
'%nmde transversable when they are located in a vulner-able
5§position relative to main road traffic. . The addition of
+ pipes and bars parallel to traffic can prevent a wheel from
catching in the culvert opening. The bottom bar or pipe.
should. be set at a maximum of 4 inches above the culvert o
invert. A possible transversable design for a. parallel i
culvert is . shown in Figure 3-3. . When ditch grades permit,.,
the inlet end may use a drop inlet type design to reduce the

length of grate required.c.

b T

In. locations where headwater depth is limited, a larger pipe
should be used or. the parallel drainagemstructure may be e
*positioned out51de the clear zone. S

Relocate the“Structure'ev“.'nl'Ai_i . '1;ﬁ‘ L o,

Some parallel drainage structures can be. moved laterally
further from the traveled. way., This approach often allows
the transverse embankment ‘slope within the selected ‘clear
zone to be flattened. If the embankment at the new ‘culvert
locations is transversable and-likely to be encroached upon
by either main road or side road traffic, safety treatment
will be applied. The inlet or outlet shall match the
embankment slope. S

'Shielding

gnR370/024_0314 S 322
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;*;In cases where 'the embankment cannot be. made transversable |
" or the structure-is too’ ‘large to be. effectively safety

treated and it cannot be relocated, it may be necessary to
shield the hazard with a traffic barrier.’ Specific
information is found in AASHTO (1988) -

3

P
W g : LT L . r‘..:;
Drop inlets can be classified as on-roadway.or oforoadway
structures. On-roadway inlets are usually. located on ori:
alongside the shoulderiof a street or highway and. include
curb-opening inlets, grated inlets, slotted drain inlets,. or

. combinations.. Since on-roadway . inlets are. ‘installed flush .
.. 'with the pavement surface,- they do not constitute a hazard

to motorists. ' In addition, they must be capable of ,
supporting vehicle wheel loads :@and present no hazard to .
pedestrians or blCYCllSts

" Off-roadway drop inlets are used in medians of divided

roadways. and sometimes in roadside ditches., They ‘shall. be

+ designed and located to- present a minimal obstacle to errant
* motorists. This can be accomplished: by building them flush

with ‘the ditch bottom or slope on which they are located.
No portion of the design shall project high enough to cause

rvehicular snagging, obstruction, or instability.'

.zThe opening shall be treated to. prevent a vehicle wheel from i‘
dropping into it but unless pedestrians are a conSLderation,z%»

grates with openings as small as those used for pavement.
drainage are not necessary. Neither is it necessary to.

~ design for a smooth ride over the inlet. It is SufflCLEnt
~to prevent wheel snagging and the resulting sudden

deceleration or loss of control.

gnR370/024_0314. - 3223
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Table 3-1

SUMMARY OF PEAK DISCHARGES FROM THE FEMA FLOOD INSURANCE STUDY

- Drainage Area

Peak*Disbhargés {cEs)

- {square miles) - - . 10-Year

VHuntsv111e Sprlng Branch S - e T
*" River Mile 9.75 Lo 46,9 0 0 - 12,000

Flooding Source and Location

Tennessee River : ';7; o Coae o
River Mile 332.53 . : - .- 25,810 . 286,000

Unnamed Tributary to Tennessee

River R T i "
River Mile 0.63 .. 7 6.78 ., i . 1,890
“River Mile 2.35 30910000 oL Y1,350
. River Mile 3.68 .= S 1.87. - 700

Aldridge Creek L SR S
River Mile 0.00 S 2107 ' © - 4,600
River Mile 6.62 0 . .11.4 - 3,000
River Mile 10.04 oL 3.4 f 1,300

River Mile 12.25 S T : N 11,000
River Mile 13.93 ' .. 7 .36.8 '- - i 710,000
River Mile 14.54 o 2.0 0 T s, 000

Pinhoock Creek , f 3;1“?'; { gl C :a;?Q o
_River Mile 14.68° o 22,8 0 DT 06,972
River Mile 16.33 : L P 1809 T T 75,080

River Mile 16.98 ©o L .. 78100 T T 3,249

River Mile 19.07 S S 5063 T 2,200

_-Blue Spring Creek - . S ' “ N : ] ;‘:;k., 
River Mile 0.00 oL, 2,53 0 1,000
River Mile 0.98 R ©1.83 . - - 07 750

pallas Branch . S L S
River Mile 0.00 . - ' o0 - 3.73 0 0 - 2,600
River Mile 1.71 1,300

qZ;;70/01jc—1 . (:)

50-Year.

325,000 -

~ 100=-Year

3,090 . -

2,080

1,200

_ 4,800

7,500

2,100

18,000

17,000

. 15,500

-12,500

10,957

7,905, .

5,316
3,500: -

1,500

1,150

"~ 4,100
1,990

346,000

3,690
2,400
1,300

8,400

5,500

2,400

12,947

9,249
6,299
4,200

1,800

1,420 i

" 4,700

2,320

20,500 @
19,000 -
17,500 .

. 14,500 -

500-Year

* 400,000

" 4,970
© 3,240
1,700

12,000
© 7,800

28,000

26,000

28,500

19,000

116,929

12,117

8,265

5,500

2,400
1,820

6,800
3,350
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Flooding Source and Location

Ti-River Mile-0:1

Unnamed Tributary to Pinhook
Creek (Dallas Branch Bypass)
River Mile 0.00
River Mile 0.84

Fagan Creek .
River Mile 0.00
River Mile 1.37

Broglan Branch -
River Mile 0.15
River Mile 2.70

_ River Mile 3.52

Dry Creek

‘River ﬁii;

McDonald Creek
Rlver Mile 3.11
. River Mlle 5.16

.., River. Ml%e 6 56_

Rlver M11e B.26

3 'iutagy,to McDonald
Cregk : : - :
ﬁlver mile 0.02

Sherwood Branch
" River Mile 0.00
River Mile 2.28
River Mile 3.52

3
R

gnR370/017c-2

_.‘(“)_

Table 3-1
{Continued)

Drainage Area

Peak Discharges (cfs) -

{sduare miles} 10-Year
0.82 590

0.62 460

4.36 ' 2,600

3.25 1,530

9.70 3,949

6.48 2,800

0.80 - 870
.4.86 2,000
14.03 - 1,650
11.3. 3,200
8.12 2,400

5.31 1,600

1.38 530

1.55 . 860

Toihi 0,510 “5%310
3.16 1,100

.- i 600

480

- 500-Year

50-Year 100-Year

1,550 2,080 3,790
1,400 1,910 3,590
4,200 5,000 7,400
2,390 2,850 4,110
6,827 8,505 13,854
5,000 6,100 10,000
1,190 1,290 1,740
3,700 4,700 7:700
2, 980 ;,QQQ 6 500
4,900 S;zgg 7,700
3,700 4,400 5,900
2,500 3,000 4,100

860 1,050 1,400
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Flooding Source and Location

WAL gy e £t
;9§, n Creek
. River Mile 12.80 . .
River Mile 17.52

LRGSR TY s
Bradfoid Creek

River Mile 0.85
River Mile 3.22

go‘m/onc-3 '

Table 3f1 sk
}\;l(Continuéd)“ET}i

Drainage Area

L

Peak Dischargesr(dfs)

{square miles)

49.0. 6,800
39.6 5,731

8.29 2,100

15.5 3,320
13.3 3,000

b oajenne

10-Year

-900

50-Year

11,000 13,000
9,344 11,052
3,400
1,400

5,520 6,740
4,900 6,000

N A
v 2y
- e
EEE
2 + i
] i i

500-Year

118,000
15,181

5,700
2,300 .

9,350
8,200
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Table 3-2 -
CLEAR ZONE DISTANCE DATA

Ciear Zone Distances {in Eeet from edge of traveled way!

: Design Cut Section - - - - B Fill Section {Unrounded)
Speed. .. Average. Daily 331 4:] to 5:lv o6k ODw s 6:l or 4:1 to 5:1 "3:1 5
{mph) Traffic " . Slope Slope~ i Flatter Slope Flatter Slope o Slopefr* “Slopea L

.40 . Under 750. 748 7.8 7-8 8-10 T

_er 7T v+ 750-1,000 7 *10-12 10-12 10=12 .

“"Less. 11,500=6,0007 "7 12=14" - 12=14 12-14 ¢
vy Over 6,000 l4=16 . 14-le : g
. . Under 750 . 8-10 8-10

L 45= " 750-1,000 "10=12 12-14 -
- .50 1,500-6,0005 1 -12=14 14=16
Co Over 6 000‘ 14-16 18-20""
. Under 750 Be10  10-12 127140, . 2 18=18 i ppene
55 oo ,750—1 000~  10-12 14~16 16=18... ... 20=24. .. ~ s !
‘ 1,500-6,000 - 14~16 l6=18 20=22 . ivn24=30 ¢
' Qver 6,000 l6=18 - 20~22 . L 22=26 it 2 26%32
Reference: American Assoclation of State Highway Transportation Officials (1988}. :

‘Note: Clear zone is defined as a roadside border area, starting at the edge of the“."i
‘traveled way, avajilable for safe use by errant vehicles. The clear zone 'should not bé

¢+ viewed as a discrete, exact distance, but as the center of a. zone that should then be
fanalyzed on ‘a site-specific basis. ‘ .

: -..7‘ «bm| . - { i'?* SRR NE 5 ‘1*--9‘ ! :
”551nce recovery 1s less likely oﬁ the unshielded, transversable 3:1 slopes, fixed objects
{i-should' not be- present in the vicinity of the toe of those slopes.

v + ' -i‘-' )

.. GAR370A/017=1 , 329
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HUNTSVILLE-STORMWATER MANAGEMENT MANUAL

Match Exlstmg
- Hoadway Slope or R
« Required Side Slope N

Each 30" Maximum” -

B AN NN

' Span
Length

(Measured |

, on Skew]

| . G A S U LA

l ‘ - Plpa or Box Culvert — - Sk SR \\’,7

s Culve‘rl‘{ *  Safety Pipe
-~ .. ' Runners

Example Salety Plpe Runner Sizes' S

{teet) : (inches)

‘ . s Safety ',-“'. S et
| ‘ Span Length - Pipe Diameter ... ., : TR
w : : :

\

upto12 30 ' . e -
206 as 0 ‘ - ' S
161020, - .40

| | o e ggh e e " FIGURE 31
| ‘"_sup':;;ée; e Recommended Cross—Draln Safety Plpe Runner Sizes

e R s -.for; \Aanous Span Lengths

. Inlet

I §
1

- Traffic

NI S}

[T A—
24" Maximum
" PLAN

4" Maximum ~— \—
///AEI'//E///T =11

o ey - —— — —— ———— . e, e

SECTION A—A

C

FIGURE 3-2
Transversable Medlan Cross Drains for Insufflc:ent Cover

R
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HUNTSVILLE-;STORMWATER MANAGEMENT MANUAL

- Traffic

A

rﬁ-)

Bars

&

ft———]

24" Maximum
PI_.AN
311 Max. for Low
Speed Roadways

4" Max*

/=

SECTION A—A -

*4" max. apphes to both mlet and outlet on two way roads
and only to the side facmg traffic on divided hlghways

FIGURE 3-3

lnlet/Outlet Transversable Example for Parallel Drainage
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PART 2 - TECHNICAL INFORMATION .

Part 2 of the Huntsville Stormwater Management Manual is
rleerg ,to the technical concerns of designers and
‘détsy  The following chapters are included in Part 2:

'Gpen Channel Hydraulics
%Culvert Hydraulics

7. & Gutter and Inlet Hydraulics

8. Storm Sewer Hydraulics

9. Storage System Hydraulics

10. Erosion and Sediment Control

gnR370A/014
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“The Rational- Method (seerSectlon 4 5 2) 1s*subject”t'”the

‘‘Chapter 4 =
. HYDROLOGY = ~

wr e ¥

j,4.1, PROCEDURE_SELECTION

LA FSChI N S

The guldellnes in Table 4-1 shall be followed for selectlng
hydrologlc procedures. A conSLderatlon of peak runoff rates
for design conditions is generally adequate for' conveyance
systems such as storm sewers or open channels.” However, if
the design must’ “nélude flood routlng (e.g., storage ba51ns
or complex conveyance networks), a flood hydrograph lS

‘usually requlred

Because streamflow'measufements‘for determining ‘peak runoff
rates for pre-pro:ect condltlons are generally 'not avail-
able, accepted’ practice is to perform flood hydrology
calculations using several methods.’ Results can then be
compared (not averaged), and. the method that best reflects
project’ condltlons selected 'and documented o

»

follow1ng llmltatlons-- f

1. Estimates of peak design fibﬁé“dﬁiyf”'

'”2;"“TiMe“of“cohcentration,‘te,‘of‘5 minutes i'té < 30
minutes. ' ‘ '

3. Drainage area,'DA <,50_acres.;

‘In addltlon,‘results should be compared u51ng other methods,
and approval by the Englneer ‘of 'Public Works is requlred

The SCS TR-55 (1986) graghlcal method (see Sectlon 4 5, 5) is

subject to the followxng llmltatlons.r,
1.".Estimates of peak‘design‘flows'onlfi4?
2. De51gn ‘storm '="SCS Type TIT' 24-hour dlstrlbutlon.

3. Time of concentratlon,;te, of 0.1 hour'i,té < 10
. hours.

'gnR370/021 - 4=l
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4. | The method was developed from results of CulnipuLer
: analyses performed usxng TR~20 (USDA,.SCS, 1983) A (:)
for a l-square mile homogeneous (describable by
one CN value) watershed.

5. Curve humber;mCN,fof’40‘€‘CN'298.
“jﬂgﬁf‘fRatlo of 1n1t1a1 abstractloh to prec1p1tat10n;iy
' :”'””gr /P, of 0. 1 < I /P < 0 5. fr;fw,. -

T Ty
L el

:'Unit”h§dfogra§h[shape;fdbfofﬁagfdagpfrﬁf

‘8. “'Only one main stream channel if ‘the'. watershed or,
if more than one exists, nearly ‘equal times of

_ concentratlon for the branches. e
”9ﬁh¥ste ‘of the 1986 versmon of TR 55 ln place of the
e °f1975 procedures.j;

RRR 1 % ”No“tonSideration of.hﬁﬁrdlong:Ehennei;roﬁgfhﬁfi

The SCS_TR-55 (1986) tabular method (seekSectlon 4.6.5) can
be" used to estimate flood hydrographs and‘to,approx‘mate the : (:>
effects of hydrologic channel routing,- 'subject “to ‘the =

following limitations:

T

l. Design storm = SCS Type II 24-hour distribution.

2.  Time of concentration, t_, of 0.1 hour < t_ £ 2 hours.
3.. DAs of individual subareas do not differ by a
| . factor of 5 or more. The procedure was, developed
_ﬁfor a'DA of 1 square mlle. c oo
4. .HCurge number,, CN,. °f¢4°;iﬂCN < 98.
5. Ratio of initlal abstractioh'ho precipitation;
a - R a— .“—-;,_a,'g, _,‘-- .
.. 6., Unit hydrograph shape .factor = 484. . .
7. Reach travel time,utT,,of.Orro‘3 hours.
R - B. Use of the 1986 version of TR-55 in oiece of the
| 1975 procedures. ) - (:)
gnR370/021 - 4-2 )
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‘ TVA regression equations. (see Sectzon 4.5.3). have been pre-
h(“\ pared for small ,ungaged,'urban watersheds in Huntsv1lle. |
S’ The TVA regression equatlons are subject to the following
'1lmrtatlons-_rﬁ‘:;ﬁ‘._

\1.  Estimates of peak design flows only. -

PR TR S
¢ e

2. DA between 60 and 3,200 acres.

1}j;h"Impéfvibﬁsﬁéss;betﬁéehis]té‘soﬁbérééﬁflﬁiy”"

o \’.',,”- Air.-\f" .- ‘

,,j:Inappllcable when exten51ve channelazatlon,or‘jﬁ
: ;'regulatlon is 1ncorporated lnto the watershed.

TVA graphs (see Section 4.5.4) provmde flow freduency ST
estimates for modeled .streams that..are applicable only to;

thoce stream reaches that were 1ncluded 1n the modellng.rb

Unlt hydrograph theory (see Sectlons 4 6 2 and 4 6 3};pro-
‘vides a generally,applzcable procedure for developlng flood
hydrographs u51ng'a basin-specific unlt hydrograph and .an.
appropriate rainfall hyetograph.  Many computer model= use’
: unit hydrograph -theory. . With, careful, development(of B
(:} ba51n spec1f1c unlt hydrograph, this versatlle method can, be
adapted to a w1de range of condltlons. ' ;

i L. L vhe L "“-—.s
Computer modellng ;s approprlate when llmltatlons of the
simpler methods - are exceeded, complex$51tuatlons are belng
studled, or more detailed 1nformat10n 1s requ;red

B R .*
4:.2“:‘_. “HYETOGRAPHS l-.-;-; -

- Vo
LIS

D X J:Jgf':-l;‘:

The ralnfall data 1n Sectlon 4 2 1 represent average lntens-
1ty or volume over a partlcular duratlon. . When. a- flood hydro-
graph 1s to be developed however, a, time variable d;strlbu-
tion or hyetograph lsjreqULred.‘ Two methods .are. descrlbed
in'Sections 4.2.2 and 4.2.3 for constructlng the desrgn storm:
hyetograph: the SCS Type II storm distribution: (24-hour.
duratlon) and the balanced storm approach (any duratlon)

(R S Lot o ' ‘..., ‘-,;h.p‘"x J' R 'w“, sal f LI M-

wd.221 JDESIGN STORMVDATA o

J Hydrologlc deSLgn storm data should be collected by the
s ‘ follow1ng procedure:

g

gnR370/021 o .4-3 ' e
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lliff Select an approprlate procedure for hydroroglc
o rcalculatlons us;ng 1nformatlon ln Sectlon 4 1. l

2. Determine the type'of precxpltation data‘that”are
‘ needed. Generally, elther intensity-duration-
frequency (IDF) curves ‘ot hyetographs for historic
or de51gn storm,condltlons are used
IDF curves and data for Huntsville are glven 1n Flgure 4~ 1
along with" depth-duratlon—frequency ‘data up to'"a 24~hour
~ duration. These data were obtalned from TP- 40 (Hershfield,
1961} and HYDRO=35" (Frederlck et al., 1977) 4 Addltlonal
data -for durations of 2; 4, 7, and 10 days ‘can be obtained
from Mlller (1964), ' o
Huntsv111e area- cllmatologlcal data ‘are’ collected by the
 National Weather: Service Office™(WS0). The WSO at the™
Huntsv111e/Madlson County Alrport Carl T. Jones Field, is
ﬁ._located 11 'miles’ southwest of “the ‘tenter of. Huntsville. . All
: ”offlclal weather reports and data for Huntsv;lle currently
come from Jones Fleld ST ot T :

o e

‘The Natlonal Cllmatlc Center evaluates and summarlzes col-
basis. Publications summarizing the: cllmatologlcal ‘Gata
collected are available at a small fee to the general publlc
- from the U.S. Department of Commerce; National Cllmatlc
Center, Federal Bulldlng, AsheV111e, North Carollna 28801
~or from the WSO at" Jones Field. B o

Monthly and annual precipitation averages for Huntsville
from 1959 to 1986 are: shown in. Table 4-2. The average
annual precipitation depth for this record was 56.07 inches.
The- maximum and mlnlmum precrpltatlon depths of 2. 97-and”

©7'41,81 inches’ occurred in 1975 and’ 1981.. The average monthly

“prec1p1tat10n depths ‘vary from a low of 3° 41 lnches in-
0ctober to a hlgh of 6 71 1nches in March.‘ : DRI

o
A

4.2;2' scs TYPE II STORM-J“R
The SCS has developed a set of 24-hour storm distributions -
representing average conditions for:different. reglons of “the
United States. The Type II storm is appr0pr1ate for
" Huntsville and*its cumulative mass curve is- presented ln '

. gnR370/021 T 4-4
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'follow1ng steps.

1991

. Figure: 4‘2. The-curve. ‘is appllcable to the 24-hour rainfall.

depth ‘for any. recurrence 1nterval.

,a.<'..=u ;‘,:',,, s . . : " Y g oA

The scst dlmenSLonless hyetograph approach takes the

LRI Ta o Rn o Malags PEELE D RERL  mrary

T Select a: de51gn storm tlme ‘step” and return perrod

TR IPEE T VI L . ,'>“-'j FER, -;;: qa EO -." R

e 12, Lorobtain fthe 24—hour prec1p1tatlon depth P. .. from

- Figure 4-1 for the return perlod selected in
Step 1. :

“?*B;v“ste the ‘time - step selected above and tabulate ‘
: P /P 24 ratios for: each time step of the 24-hour
storm, u51ng Flgure 4-2,

L

: EMultlply the PX/P24'ratlos from Step 3 by the 24-
. hour precipitation depth from Step 2. Results of’

i . tlothese ‘¢alculationsiprovide acumulative rainfall

- hyetographa™ “Incremental hyetograph data can be

- rprepared’by finding-the - dlfference between each
~&cumuIat1ve‘depth 1nterVal.u it LA

4.2.3/+:BALANCED ‘STORM. " == . =20 ol e ]

S T e ,! ¢ ‘x“,x., S =.‘ N

The baIanced storm approach ‘provides -a- precmpltatlon hyeto- -
graph that has the same return period’ for: ‘each *time. interval
within the total storm duration. This approach places the
largest dincrement ‘of ‘rainfall for the" selected time step at

sthemidpoint of-the total storm duratlon.- ‘For:example, the
‘wmrdpornt for a 24-hour<storm is 12 -hours.'” -Smaller depth

increments are arranged symmetrically* ‘about the“largest
value, with the second largest value placed before and the
third zlargest ‘value .placed. after: the :largest.-'This "before
and after" process ‘is ‘illustrated -in:Figure “4-3‘and con-
tinues-uhtilﬁthenentirebhyetograph»is“developedtﬁn

 The -data-from Section:-4.2:l can: be -used to *develop a+site- .

specific balanced storm for Huntsville'usihg’%he"procedure
described below. The balanced storm is nearly identical to.
the 24-hour SCS ‘Type 1I storm, except that the SCS storm
distribution is sllghtly more intense. for durations between
15 mlnutes and 1 hour of the mldp01nt.

ETUNEL M (3

gnR370/021 |  4-5 .
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1. .Select.the design storm time step and returu .,
period. The time step should correspond wWith the

-unit hydrograph duration if unit hydrograph
:‘procedures wWill be used .(see.Section . 4.6: 3)

2. Use the time step and return perlod from Step 1 to
.;obtain precipitation depth data, .Depth- duratlon
frequency data can be obtained from Figure 4~1 and
s, . . o the.increments of. precipitation: determlned from
e ..the: follow1ng steps- S R S SR

a. Find the intensity at each mﬁltiple of the
se, . v rtime, step  (time dintervals) to . the duration of
' .the . storm. . .. SETRENRS

b. Determine the rainfall volume for each time

:;interval\jvolume ;nintensity~xftime interval).

= s S R s - T
e-chquDetermlne the lncrement of prec;pltatlon

.. .depth for each time step by .subtracting the
g volume.of -the: prev1ous time. Lnterval from the

volume of .the, present tlme Lnterval.

3. Select the largest lncrement of“preCLthatlon ,
depth from Step 2 and place it at the mldeLnt of

~- the total .storm,duration. . For a-24-hour. . storm,,..
VythefﬁidpointQLSWlZ-hou;s.‘,ﬂf B A

H.H,4.;}MAtrange,smaller;depth“increments symmetrically ..
s ﬂg,am{about ithe .largest. depth.  The second largest value
. -is placed before the largest and.the third. largest
ngalue is,. placed after :the largest. .

'rt.;':“e.'l T

,;Sr t;Contlnue plac1ng sequentlal depth lncrements
.-, before and .after the ;largest Vvalue until' the
entire storm,duratlon,has,been.conSLde:ed.

* An. example: of ‘the procedure: for developlng ‘a., balanced .storm
is. Presented An Sectlon 4. 6..g, R PP ‘i
ol t MBI i ,"H.‘r‘ [ A S ST IR ..'}/'":.‘ e

vk

4.3, RAINFALL Excsss‘ffd'”“

Rainfall excess is the depth of preclpltatlon that runs off
an area during or immediately following a rainstorm, or the

gnR370/021 | 46
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water depth remalnlng when- the following abstractions are:
subtracted from the total prec1p1tatlonr~ LR Maen

cha A E Ty e

ajl. ‘ Evaporatlon ‘iwﬁﬁ..TTWGJEUQfY
2. ,Inf;ltratlon
3. o Transpiration:.:
. 4.« Interception: . - ‘“Wﬁfx\whﬁm
TR T $Depres51on storage ST

wod 1 K

R [ .
PR A WRIE

:Because the complexlty of the actual process precludes ‘a
detailed determination of each abstractlon, several methods

are available to approximate the comblned effectwaased ‘on
watershed characterlstlcs.

' ‘ a- i ._! i;_ B : St e b L i w [IEE A n_.l

5Elther the runoff coeff1c1ent -ox.ithe, SCS curve- number <an:be

used-to estimate. rainfall excess. Each;approach is.

'qgexpressed mathematlcally as shown below-

:s' e b e o L o '-l'g_'

'Runoff Coeff1c1ent E VU S O ST E S

R =C P =D

-8C8 Curve Number

T. .,  Pn.+;0.85.. .;lfz.-{.;,_u. P (4=2)

s =20 e T (4-3)

" where: e R,

- R, = Rainfall excess, for return, perlod T, in
' "lnches ' o =
¢ ,f:Runoff coefficient for return perlod T,
B "dlmenSLonless {see Sectlon 4 .3. 1y

. P '=;Prec1p1tatlon depth for return perlod T ihj
.,, lnChes (, S e R e;:f\:!. ’

‘i S

s %'Maxlmum SOll storage, in, lnches

Watershed curve number (see Section 4,3.2)

f'e!
=z
h'

gn§370£021 Co =7 , IR PR
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Procedures for .determining’ .the: runcff coefficient aiu vuo -
curve number are discussed below.. .Variables  that-should: be
considered for either procedure include soil type, land use,
antecedent moisture conditions, and prec1p1tatlon volume.

’ ) S S P I .
Runoff‘coefficients or SCS curve numbeermaywbe-adjusted
slightly if calibration data demonstrate:a-different wvalue
is justified. However, in the absence .of adequate field
data, -the general procedures described in this sectlon
should;be. used.”m,;'j‘Anm¢w~-u-; VL e e 3 e L

T LT B T A R T T

é:?;lanUNOFFYCOEFEICIENTS

The runoff coefficients for various land uses, soil types,
.and watershed: slopes:in. Table .4=3 apply when: a-design istorm
with a return:period of 10 years or less.'is'considered. " :.
Runoff coefficients can.be taken directly from the table -for
homogeneous land use. For mixed land uses, a welghted C
value should be calculated as follows. S s S

) I. ; . n
g L, C.A, . :
C = k..]:,i__:.:_l; e, oo (4=4)
| T R R RSP
whe:e: )
C = Weightedﬁeeﬁpesiie'ruheff coefficient
n = Total number of. areas w1th unlform runoff

et ~ coefficients
¢, = Runoff coefficient fdffsubarea i

' & “="Land“area contained in subarea i with uniform

land use conditions, in”acfES or square miles

:"AE;= Total area of watershed 1nfaeres*or-square
- " miles " o |

: Fef-rétﬁfnéperiedS"bf'hbreyfﬁan:iobyeafs[ffﬁe'coefficients

from Table 4-3 should be ﬁultiplied'by”fhe’frequency factors

from Table 4-4. ' The following relatlonshlp lS used to
combine the data’ presentedbln Tables 4 3 and 4=-4:

: Dot
AP L

' gnR370/021 1 -4-8
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T P P, 2o C = C. X et ot L4=5)
C:)  where: S S '

““¢. = Runcff coeff1c1ent for return perlod T,-
dimensionless

= Runoff coeff1c1ent for a desxgn storm return‘
”ﬁ perlod of 10 years or less (see Table 4-3)

LOr
I

~

)lj' 1

De51gn storm frequency factor for'the return
perlod T {see Table 4 4) '

RS
)

The value of‘é;'should never bé’inereaséa'abééeii.o.

"4;5;2”fSCsfcuRVE‘NUMBERS"

The follow;ng procedure determlnes the SCS curve number
based on 5011 survey 1nformat10n publlshed by the sCs:

E“ !t i

f;?i Identlfy 3011 types u51ng the SCS SOll survey .
: '”.report for Madlson County& Alabama {USDA scs,
. 1958). o

I T AL I

2. Assign a hydrologic group to ‘each soil type. The

. 8CS has class1f1ed more than 4,000 soil series

‘into four hydrologlc 5011 groups, denoted by the
letters A, B, C, “and D. Soils in the A group have
the lowest runoff potential; soils in the D group
‘have the highest. Two letters can be assigned to
certain wet .soils ‘that may be drained or undrained;
the first letter applies t¢ the drained condition
and the second to the undrained. The following
criteria are used for assigning dual groups:

W_a.na_Soils.are rated. D in their natural condition.
b. Drainage is feasible‘and practical.

‘.fc}h:;Dralnage 1mproves the 5011 hydrologlc group
by at least two classes (e. g., D to B).

The hydrologlc sorl group c1a551f1catlon conslders
cnly the 5011 propertles that . 1nfluence the ‘

i gnR370/021 . - 4-9
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minimum rate of infiltration obtained for « wvare
soil after prolonged wetting. '

.Identlfy dralnage areas w1th unlform SOll type and
"land use conditions. - :

. Use tables to select curve number values for each
*Zdunlform dralnage area identified 'in Step .3.

A

" curve number valie for Antecedent ‘Moisture Condl-
_ tion (AMC) II can be selected u51ng Tables 4-5 and

T 46,

‘Pable  4-5 prov1des ‘curve numbers ‘for

selected urban and ‘'suburban land uses, ‘Table 4-=6

~ gives lnfermatlon on rural land uses.

Several special factors should be considered when
curve numbers are developéd for an utrban ared, '°

- including the degree to whlch heavy equlpment may

-i'llttle sod establlshed) should be evaluated

; f“compact the ‘'soil and ‘the degree of ‘surface and .
" subsurface soil mixing caused by gradlng.‘

“In”
addition, the amount of barren pervxous area. {with
Any

" one of these factors could move a soxl normally

EITRE

5 ',.i“'h‘*ga P

gnR370/021

placed in hydrologic group A or-B ‘to group B or C,

.4respect1vely.

Calculate a comp051te curve number for the

"watershed us;ng the equatlon. f"

o h ‘ .lrlé “CN IA -
TN = X lé..l i (4-6)
R g
. ‘where:
. CN '= Composite curve number for the
watershed
n = Total number pf‘areas with uniform
"~ soil type -and land use ‘conditions
'CNij=‘Curve number fer‘subarea i with a

‘vglven soil type and ‘land use con=-
‘dltlons (from Tables 4-5 and 4-6)



p(_)'. :
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- A;..= Land area.for subarea.i witlu

. . .. 7. .uniform so0il type.and land use
' - .conditions,:in lacres or square

miles
A= Total area of; watershed in acres
V;Aj;g» - or,.-square_ mlleSﬂ;»

4.3.3  EXAMPLE PROBLEMS-"U;‘_jg.f‘q;u@ﬁ-mmgﬁ

f o e Rl T
e I aFlaame et T L

"Exampie 4- 1. _ﬁarnfall Excess Uslng the Ratlonal Method

Runoff Coeff1c1ent

: AR ™ s
A 50-acre wooded watershed w;th an average slope of about

4 percent and good ground cover. on both sandy and clay soils

is to be developed as.follows:

‘_“'Undlsturbed woodland on sandy 5011 (hydrologlc
. soil’ group A) = 10 acres el

'fz;“ Undlsturbed woodland .on clay 5011 (hydrologlc soil
' group D) = 10 acres

.13;“ Multl—famlly re51dent1a1 site. on sandy soil -
T (hydrologlc soil group B) = 20 acres
oy
4. Industrial smte on sandy soil‘(hydrologic soil
group D) = 10 acres

_ ‘conditions from a
25-year, 24-hour storm using the Rational Method runoff
coefﬁrorent, : : .

Calculate the rainfall excess for?proposedf

1. “From' Flgure 4 1, the 25-year, 24-hour ralnfall
depth is 6.21 inches. : -

2. The comp051te welghted runoff coefflc;ent is
c0mputed from Equation 4-4 ‘(repeated.“below)

- n . - e e . rat
= ik1 G424 :
c= A

Tj. . .

‘as follows:
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v @ .From Table 4- 3, for rolllng (2 -7 percent)
: .;twoodland areas on’sandy soil and assuming
< fgmld-range values, Cl = 0.17

b. From Table 4-3, for rolling (2-7 percent)
oot s st woodland.rareas  one clay soil and assuming
' mld-range values, c, = 0.22 -

~c. From Table 4-3, for rolliig..(2-7 percent)
multi-family residential areas on sandy soil

f;ggﬁﬁ;;xf;and assumlng ‘mid-range . values, CBQ&m0w70g£a

.d.  From Table 4- -3, for rolllng (2 -7 percent)
"“ﬁ“wAlndustrlal -areas’ on. sandy 5011 and"’ assumlng
: Tumld-range values,‘ 4 0 85 '“f ' "*f3

R " Runoff
 Area .. . Runoff - Coefficient

Y SOV intacres ¢ Coeffidient U7 x Area
Suvb=Area RO R C~W‘”w;~v~ e
(L) Bo (Si) (s 24)
2 10 7 Te.22 T T 202
3 .20 0.70 7 14.0
HPTS ¥ 4 ‘ ".1—0 "' . : - .\ '0.85“ ‘ . -‘ Bk;s )
Trotal . 50 O e
U s q o . S -
- 26.4 -
= .5
ot (_i’,‘gi .Jso 'C 0 3
? i)’ ) hd :

. 3, From Equation 4-5 and Table 4-4, for’a'?siyééfmﬁ
kreturn perlod the runoff coeff1c1ent ;s %

T Cog = € X35

’.‘_\C..“,

4{ﬁ25;=w9;53:‘¥1l?ffc H ='P'58 w

A - 25;
4. The rainfall excess is computed with Equation 4-1:

Rys )
= 3.6;inches“

R25

gnR370/021 4-12




_HUNTSVILLE--SMM - Seioowooleon

, ‘Example 4-2., ‘Rainfall Excess stng the SCS Curve Nunver
C:: . Using the watershed. and proposed development from Example
4-1, calculate the rainfall excess for proposed conditions
from:a: 25*Yeary 24-hour storm by’ the ‘SCS™ curve number“method.

Fe b“\
Wi w»-wk- ,.;

1. From Figure 4-1, the 25-year, 24~ hour ralnfall
depth is 6'21 lnches.L u

‘».u'-\u‘ i

2. The composite weighted curve number is computed
«;;mrofrom Equathn Y- 6«(repeated below) {b?f‘ b

TN =
as follows: . pgfiﬁfl
" a. From Table 4-§, forfﬁabaiéﬁaé“with good -ground
cover on hydrologic soil group A, CN =30
| b. Fromwwable'ﬁJG, for woodlands w1th good ground
<:> “coverwon hydrologlc 5011 groupWDl CN2 =,7?P§

3§From Table‘4 5 for re51dent1a' vi
1/8*acre average lot 51ze on hydrologlc soll

. w . . -
CLET AT kT LT t

group B, CN3 85

d. From Table 4-5, for lndustrlal areas on

J

e hydrologic-501l group D..CN é 93 U"Edf?;

R o o Curve
: ~Area.’” . . fCukve’. T “Number -
An Acres ‘Number:i .. . .X'Area .

@ ("‘1) (ev;) “ (C_Nx___’f_;_)_

o, fem LIPS R o
85 .. .1,700 >
‘ N ‘Total  .:7 50 3,700

gnR370/021 . .4-13
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“— 3,700 == .
CN 50 » CN = 74
i g AL S ot
\'w-m3“ From Equatlon 4= 3h the maxlmum sorl storage in,
lnches 1s
i obo - 'i.‘~r;‘ = lqrf
s = —-—'.M ~10, S = 3051 inches "~ " ¥
L,--“:*-‘."\,‘u".u,-‘sés,,_i ‘ S ) “ B A 111 ;
4. The ralnfall excess 1slcomputed usrng Equatlon
4=2:
PP 2
R - (6.21 = 0.2(3.51)1
25 6.21 +°0.8(3.51) "
R
25~ 9.02 . SRS
W ... D2s = 3.4 inches . = .. o -

. .4.4 TIME OF CONCENTRATION A

ERFERY 1% % SIS N K SN IR

The time Of concéntration, 't ;"is the time required for a
‘hydraullc wave to travel across _the, watershed.. It is often

.approx1mated “as’the tlme requlred for runoff to travel from
the hydrauilcally most remote part of the watershed to the
point of reference. :

To calculate,the tlme of concentratlon of a. watersheo, at
least three ‘runoff components should be ‘considered:

1. .. Overland
;:{Shallow channel (typrcally rill or gutter)
-uiMaln channel B R

The Velocrty Method 1s ‘a segmental approach “that can be used
to acccunt for each of these components.. The average
veloc1ty#for each flow segment belng evaluated is consrdered

ity d . - = g 1 . Sl : -
N a7 (4=7)
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i . where: - , - - St
<:> . ' ;r..tf,e TraVel time for .flow: segment i, in minutes
L, =.Length of the iflow. path forNSegment i, in
1 feet
v, = Average veloc;ty for:segment 1, in
1 feet/second '

R R T T LR et -i,,“ DTN S Ry

The tlme of concentratlon is then calculated expressed as:

i,

O N wtw,; t + t + th“*"‘“a;t' e 4-8)

=5 g * Byt (

where: .

‘ R S T L A O AR S ST
S WO ;rb =3Timewofmconcentration;uinwminutesmrn-:gp::44
;;trﬂ= Overland flow travel. tlme, in- mlhutes nQﬁ

t2 = Shallow channel (typlcally rlll or gutter '
iR A flow) travel- tlme,*ln\mlnutes .
S’ ¢t3r= Maln‘channelatravelwtlmev‘1n7m1nutes

P
W ;‘4 i

-'rr
It

Travel time for the 152 segment, in mlnutes

. . R SO S S T ) B et a"‘ Vs L«W:’- . R
Procedures foruestlmatlng the average flow veIOC1ty are
dlscussed in subsequent sections.: ... .ur T

JQQ&\I%QOVERLANDEFLOW e

ARACET wEi g e s W e e Lo o S it R
The (length.of .the: non-concentrated overland flow ‘segment
generallxgshould be:limited to.300 feet: (Engmanf '1983). The
kinematic wave equation developed by Ragan (1971) is recom-
:mended - for scaleulating. ‘the .travel :time-.for, such- overland“““
nflow conditions...:Figure 4-4. presents -a :nomograph sthat can’

be used to solve this equatlon,rwhlch 1S . expressedwas*a'gyﬂ

(4=9)

0
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where:
. t. = Overland .flow travel time, ‘in minutes
Ln=oOVerland‘flow length,:in:feet*‘

n = Manning's roughness coeff1c1ent for overland
‘flOW {see ‘Table. 4= 7) IR

I= Raxnfall 1nten51ty, in 1nches/hour
- B 3 o 3 ﬁ ’ [ f'.;:m«. .

ea T e f ‘ o S T
S = Average slope of overland flow path, in
. feet/foot - ;

Mannlng s n values reported in Table 4- 7 were determined.-
specifically for overland flow conditions and are not

appropriate: for conventional open.channel flow‘calculations.‘

.~

‘Equatlon 4~9 -generally entails a . .trial and error ‘process
‘using the follow1ng steps'

RPN

1. Assume;a4t:ial‘valuegof?rainfall$inteﬁsity,‘I.

2. .Find the overland. travel ‘time,- tl, using
Flgure 4 4. :

3( Use t from Step 2 in. Equatlon 4 8 to flnd the

»;actual rainfall’ 1nten51ty for a: storm duratlon of ’

tc (see Section 4.2.1) . T

4. ‘-Compare the trial and.actual rainfall -intensities.

If they are not similar, select a new trlal
jrmralnfallalntensity and repeat- the: process until:
' igboth trlal and actual ralnfall 1nten51t1es agree.
. - - ,L' . - ;5; ' R 3 “_‘,s_-ﬂ'«"" ;

. ‘.“A ‘r’ .

SCS TR-SS uses .a non-lteratlve approx1mat10n tothe overland

flow travel.time for .flow.paths of 1e55rthan 300 feet. “This

approxlmatlon ‘is expressed»as*iiﬁqmlﬂ.< N

(4-10)

gnR370/021 = | 4-16
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: and the remalning terms are as defined in
Equatlon 4=-9 ; TR P :

Equation 4-10; 1s ‘based, on; a sxngle ra1nfa11 intensitgﬁfrom a
2-year, 24-hour ra1nfa11 event. For many cases, this appro-
ximate method.will.yield .acceptable: results;. :however:;. for:
very. flat: or very:steep watersheds; . overland flow;travelﬁ
time . should;be; checked: u51ng the. iteratlve methodxforwﬁqua- _
tJ.on 4=-9. gt et 5 et Lo gery s Bebipaion,

The overland £low t1me ‘has..been predlcted by the Federal
LMAVLatlon Adm1n1stra10n~after analysis of airport areas.to: be
as. follows-w;, ce L ey o

nl;ﬁ(l.l-C)fLOXﬁSQ,“

R
SRR

t = —
P VE

= overland flow, tlme,imlnutESj{”“»W

‘rational runcff coefficient. . ..

watershed sleope+{avg.};,: percent ,
longest distance of overland flow to
- the.- collectlon polnt,‘feet ;

t*mn_d'
y |

O

For irregurlarly shaped drainage -areas, it will ‘be necessary
to evaluate severalyalternative overland flow.: dlstances.

. - e
e = .

IR :;‘.s~'."‘.xf;“4§‘~'d‘, AT :{. e .).. He oy ! [ P dn Y S . I 53
i - . .

4.4.2 SHALIOW CHANNEL, FLOW

Average velocities:for shallow.channel flow in rills and
gutters can be-obtained directly from Figure 4-5, if the
slope of the flow segment in percent is known. If the flow‘
‘path:length. and.. average veloc1ty are: known,”the travel time
is estimated using Equation. 4*7;’ .Other types: ofi.shallow
channel flow can be evaluated u51ng the conventional form of
Manning’s; Equation (see.Chapter.5) ... Additional ;procedures
for evaluatlng gutter flow, veloc1ty .are presented in
Chapter 7. More than.one. segment ‘of ‘shallow. channel flow
can be considered to'represent changing conditions.

o

gnR370/021_0314 4=17. N IER e
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4.4.3 MAIN CHANNEL FLOW ' ' o

Average..velocities for main channel flow-should be evaluated
using bankfull conditions and the open channel procedures
‘presented::in:Chapter 5.7 More ‘than' one main channel flow
segment can be used where necessary.

i

* el b

4.4.4 XAMELE gROBLgu e g

The hydrologlc flow path of the Watershed described in
" Example. 4~1..is :about: 2,000 feet in 1ength with a*total = @~
~elevation change - of)about 40:feet. - This- flow‘path may be -
--divided into the followxng three seqments.

? ‘

i MR g:wa;ﬁulha%%~«?Segmentfa~ME1ewation*

s#Segment . ... .o v wieollns CLengthdc . Couw Change i *l51ope
No. Type of Flow : (ft) (£L)sa0 50 (%)
1 Overland {woodland)ﬂr*~~ﬁf250 , 25 10
2 .. Shallow channel =~ '~ 760 -7 13 1.7
3 Main channel 1,000 2 0.20
n = 0.02%5 . ' :
Width =-10:feet.

Depth-=i2:feets . i o
Approxlmately rectangular channel

et R A -»f,"‘ e w..is», P P ’N‘ T

Compute the watershed time -of concentratlon for a l0-year
storm..

"',,k‘.*”' '.*‘.:‘--,,-‘ W B x."r- .g, R < e ‘Z¢> o 17 35’,: ‘-,".;""Vl{j "..g _— 'm..“,;,,,v_“”.'-. ' j« ". ’
COmpute the overland flow travel“time, dsang
the SCS TR=-55 method from Equation 4-10 (repeated
below)

.uv-mFrom Figure 4-1, the z-year,
,odpdepth; Pz,*is 3.78 "inches

Iy, g "h: wd R Bl

Table 4-7 for woodlands, ni=mT0, 45.““wh

At a0 ig87 % 350y 08 ‘*”"*hi““ :
oo l4:2 g i Y
avﬂ"ff (3:78Y0°5: ¢0.20)04 oo

Tt = 24 mlnutes

gnR370/021_0314 4-18
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2.

Compute the shallow channel'flow travel time.

From Flgure 4= 5 for a slope of 1. 7 percent, the
flow veloc1ty 1s 2.6 feet/second

3.

4'-

N 933
5 -

gnR370/021_0314 4-19

M‘Mqv.=;3 4 feetésecond

ngﬁfr°wgﬂquaﬁl9n 4=8, .

o

'R = (2% 10) {[2(2)+10]

Compute the main channel flow travel tlme.

The\flow velocity is glven by Mannlng's Equation
(Equatlon 5 5),f ;ul_mmkj e e
1.49 r2/3g 1/2

n

For a rectangular channel w1th a 1o-foot bottom |
width and depth of 2 feet, :

v =

N

20/14 =*1.43 feet
0. 025

o
n

1% 43)° 57(0 ooz)° 5

By Equatlon 4=-7, _

1,000 F T
(60) (3.4) " © ‘
4.9 minutes

ot
lJLﬁgﬂgg,

PR

COmthe the watershed time of concentratlon.

N Y

Sogild itmive aly _wivige D hma T BTSSR
t. = 34 minutes ‘' B .
- : R I A A - LR M

Check the time of concentration using the kinemaé'
tic wave equation (Equation 4-9, repeated below).




HUNTSVILLE~SMM ' . : e 99

*rﬂiljj SE }-9'£61556?6'uﬂ4"“ S C:D

Lt =093
SR, | Iof“.;so..g.,-‘:

‘From Step 1, n = 0.45. From Figure 4=-1, for t

24 minutes from Step 1,- the 10-year return fre
quency rainfall intensity is-4.05 inches per hour.
Assuming the rainfall inten51tyjto be! 4.05 inches
per hour, Equation 4-9 glves

(250)0-6(0.45)%:6 .
(4. 05)0'4(0 10)° -3

t = 0.93
1

nff.l = 18 mlnutes S 4 P ‘,‘\

"' ° " From Step 23‘t;¥=ﬁ4.8 miﬁﬁteé;, From Step 3, 85 =
4.9 minutes. From Equation '-a, Pt

g = 18 + 4.8 + 4.9 ha .
; *féfg<zabmihuteé“““*“}
From Figure 4~1, for t. 28 minutes, the 10-year ‘ <:>

_return frequency rainfall 1ntensity is"3.75 inches
- per hour. D :

Trial rainfall intensity and computed rainfall
1nten51ty do not agree. i

6. Repeat computation assuming rainfall intensity is
3.75 inches per hour. ' e

(280)0+6 (0.45)0-6. i;

't = 0.93
1 (3.75)%-4(0. 10)° -3

tl = 18 6 minutes

“ %y = 28 minutes o '
" From Figure 4-1, for téw# 28° minttes; ‘rainfall
intensity is about 3.75 inchesghogr. ‘
Trlal rainfall 1ntensity and computed rainfall
' inten51ty agree. -
. L A R A N O

gnR370/021_0314  a=30
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7. Use t, = 28 minutes.

Note: For this steep slope example, the SCS TR-55»
method overestlmates ‘the time :of concentratlon by
~about 207 percent.  This demonstrates the’ need to:
,,check results from TR-55 for extreme cases.

gnR370/021_0314 . 4=-20a
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4.5 PEAK RUNOFF RATES

. 4.5.1 GAGED SITES

Streamflow and’ flood frequency data ‘for- gaged watersheds are

‘avarlable ‘from the U. S..Geologrcal Survey (USGS) and TVA for

.selected: streamsf as’ presented in® Table 4=87 " In the event
that. streamflow*measurements ‘have’ not been analyzed to
develop - appropriate-flood- frequency -curves) guldellnes_
presented by the U.S. Water Resources Coun01l (1981) should
be followed. -g -%*Vf*j e '”*?;?" .

The major ‘drainage basins in Huntéville aréd Aldridge Creek, .
Spring Branch, and Indian Creek. Smaller dralnage basins
‘are. tributary to ' Dry‘Creek; McDonald Creek, Bradford Creek,
and Betts Spring Branch. The Aldrldge ‘Creek Valley water="
shed, which drains an area of 21.7 square mlles, begins in
Huntsville: near'U.S.: Highway" 431 “and "flows “Solth to the
Tennessee River. The valley is’ gently sloplng, with broad
flood plains and a number of small trlbutarles. DeVelopment
in the valley-is: prlmarlly residential- and ‘has - occurred to
some extent in the flood plain.’ RN A

The Huntsv;lle Spring Branch Valley drains 85 7 square
miles and is a broad, undulatlng-to-rolllng belt traversing
~highly developed municipal-and communlty property. The
numerous tributaries flowing into Huntsville® ‘Spring Branch
include Pinhook Creek, Fagan Creek, Dallas Branch, and
Broglan ‘Branch. - Plnhook Creek has been hlghly developed forA

La- number of years. Lt : *fj%f

B A

. The southern portlon of the City is affected by the Tennes-

see River. :“The" system of ‘reservoirs operated by the TVA on
the Tennessee ‘River ‘and-its ‘tributaries’ noWLcomprlses

.33 major projects. Out of the 21 multl-purpose projects, 1l
“are -on ‘tributaries and ‘5 are:- on ‘the’ main’ r1Ver*upstream from
Huntsvrlle. Fourteen of these upstream prOJects ‘reserve

‘ ' storage space for the control of flood flows. Therr

combined effect is to greatly’ ‘alleviate Fldod- damage threats
at many 1ocatlons in the Tennessee River ba51n.

T et Do oMol aima et

4 s 2  RATIONAT: METHOD N S

saiate Lo T e i gl oo P
AL e T PR I A A RCEEAE LT T S Sedliten e

i‘f‘:‘u'.‘w.). i:,v B e Wil

AR T
y

In thls manual, the Rat10nal Method 1s exPressed 1n the
equationz -~ - oy A S . R el

' gnR370/021 | 421 | R
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QT =CTItA -
- N c .
where: ' S T
SR Q= Peak, runoff,rate;forgreturntperiod%T"inlcfs

?i,C ‘éiRunoff coeff1c1ent for return perlod T,
‘ uuyexpressed as the dlmen51on1ess .ratio.of:
_ralnfall excess to total ralnfall

et e — ‘ th;; : A
I = Average ralnfall lnten51ty, in 1nches/hour,
¢ during a period of time equal to t for the
‘ﬁ_return perlod T : : ‘
l,"";‘;T:x.rne of concentratlon (see Sectlon 4 4),
;mlnutes!; : G

PO
]

:“;A:%AWatershed dralnage area,cln acres, trlbutary
“';to the ; deSLgn 901nt : =

[
BN P

#N:,'._ L : “""L

E The follow1ng procedure 1s recommended for u51ng the
Rational Method ‘ R VY TS

KIS TR

‘”Collect‘watershed.datar,euf:w;

Mfg;vuiCalculate tlme of concentratlon u51ng Anformatlon

in Sectlon 4. 4.;m Q o e i :
-h;i;i;QUse the IDF curves ln Flgure 4 1 to determlne the
7 average ‘rainfall intensity for sthe. return perlod T
and the time of concentratlon, tc from Step 2.
‘¥;4;Lﬁﬁobta1n a runoff coeff1c1ent for the return perlod
‘ W:;T, u51ng the 1nformatlon in; Sectlon 2.
\‘uSQ;;;Compute the peak runoff rate for the return perlod

o HT, using Equat;on 4- 11.. ] . : :

L e AT DT A

Flood frequency regressmon equatlons were developed by the
TVA (1986} as part of an urban flood study for small, :
ungaged, urban watersheds in Huntsville wrth dralnage areas
between 60 and 3, 200 acres. and with imperxviousness_ between 3

and 50 percent.' These equatlons are appllcable only. where

gnR370/021 0 4-22
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the impact. from manmade structures and channellzatlon 18
insignificant. .. .o o7 DT sy a“*f-‘r~a4fﬁ=k Fal

The TVA regre551on equations and the TVA graphlcal flow 5
frequency estimates presented -in“Section” 45 4" were- compared .
“with results from USGS regressxon equations (Olin and '
Bingham,~1977) .= S§imilar results were ‘cbtained”from water~
sheds with an 1mperv10usness of about 20 percent, but the
TVA - reratlonshlps ylelded better'estimates for® other 1mper-
viousness ranges. ‘As a result, the TVA relatlonshlps are-
more representatlve of urban condltlons in Huntsv1lle and
should. be: used lnstead of the<USGS equatlons.n-«- :

'r b, DAY . U SRS A

The TVA regression equatlons for the 2-- 10-, -50~, 100~, and
500-year return. frequency flood events are shown in :
Table 4-9. Graphical’solutions to these-equations. are
presented in Figures 4-6 through 4-=10. Tributary drainage
areavandrimperviousness;areathe'onlyswatershed“characteris-
tics required as input for the equatlons. + The: tributary
area, in square miles, should be determlned from the best
available sources, ‘including.the USGS:1"=27 000" topographic .
maps and-the City's 1"=200" maps.' Imperviousness, in per-
cent,xshould be determined: from: actualnorﬁproposed imper-
vious:surfaces.-such-as: rooftops and pavedvareas. Unless
specific development’ ‘plaris. are’ available ‘to“provide better
estimates, 1mperv1ousness ‘associated with future development ,
may be: estimated using the- typlcal values presented in ”
‘Table 4-10. i =

4.5.4 TVA GRAPHS:

Graphlcal flow- frequency estlmates ‘were. developed by the TVA
(1986) for the. selectédstream reaches listed in Table 4-11
and apply only to the stream reach for which each was deve-

-loped. The estimates, which are based on future development
conditions, are presented in Figures 4-11 through 4-33 as a

function of stream mile. Other hydrologi¢ methods aré -

~required to develop flood hydrographs or to account for
~“routing. through stormwater facilities, - :

'4.5 5. 5CS TR-55 GRAPHICAL METHOD

ki ‘Sﬂq;f‘-‘ -l -
The scs has developed a graph1ca1 peak dlscharge method
presented in SCS TR~55 (1986), for estlmatlng the peak run-~
off rate from watersheds with a single homogeneocus land use.

gnR370/021 | . 4=23
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The method¢i55based.on-thesresuits of -computer .anal;.co.pcs
formed using TR-20 (USDA, SCS, 1983) and is subject to the
following limitations: ‘ :

10.

:tEstlmates of peak de51gn flows only | _:.rw,;}u

,Qhours.,f

'
el L !;_._‘-.
Sy B A A

onéDe51gn storm SCS Type II 24-hour dlstrlbutlon.

- e

Tlme of concentratlon, t of 0 1 hour < t L4110

Presence of a single homogeneous;subbasin. . The:

procedure was developed us;ng a DA of 1 square

_mile..n

éorteunumberﬁ CN, f 40 < CN <98.w-s ‘-;f mg}&,

S - ’ Cllpreerl Aty

.HmRatlo of 1n1t1a1 abstractlon to prec1p1tatlon,~v‘

I[P, 0f 0.1.4.1 /P < 0.5. R

auUn;t hydrograph shape factor of 484

ot R SNV I

EROnly one maln stream channel in- the watershed or,

-.concentratlon for the branches"‘gvfnmu

Dot

':Use of the 1986 vers;on of TR—SS .in place of the

if more. than one. exists,. nearly:-equal, tlmes of .

o

1975 procedures.

'No consideration of hydrologic channelgrouting; ¥

~The, graphlcal peak . dlscharge .method - descrrbed;xn Chaptex 4.
rof SCS TR-SS is based-on; the follow;ng equatlon° IS

where:

o
n'

‘, o | - A R F . - B '—HT e h4‘.-jf:2
&,th , q Ry Fyre it L 4212)

Dot

Peak runoff rate for return per;od T, 1ngcfs

g = Unit peak dlscharge (from Flgure 4-34) ,°in

REPITALT]

gnR370/021

u cubic feet per ‘second per square mlle per

~inch (csmllnch)

"4=24
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Y
Il

- ‘ 7 ;jJDrainage area, inssquarermiles'p“
C:T‘ ) ';,T;;;fwaaf‘Rainfall excess for return perlod T, in
S S .inches (see. Equatlonl4-2} LT

st i WY A .95:'{ e R ‘uf.-f”;i.i‘w W e

 F_ = Pond and swamp adjustment factor {see Step 5
f,h?,, below) i

WipoF AR,
S nen VIR T O srpi e sl
" [

; FIAEET P TR UL CU AR U e SR
Computatlon u51ng the graphlcal peak d;scharge methoduxu,w
proceeds as, follows.;ga e £

, The 24 hour ralnfall depthhxs determrnedufrom
. Flgure 4-1 for the selected return frequency

Lo Vi enhinl g L :
2. The runoff curve number, CN, is estimated us;ng
- the procedures of Section 4. 3.2 and rainfall.

excess is estimated us;ng Equatlon 4-2.

A . . R LI o ‘_‘.‘3‘.,_" - .';“f',a_.;'i‘

;i}g%: The CN value is used to determlne the: anltlalm
" abstraction, I 2’ from Table . 4=12.and.the. rat;oxw
I /P is then computed

. v . e ""s. }fz!{ﬁ ? . T W
o ) 4, The watershed time of concentra ion is computed‘
C using.the procedures .in Section 4.4 and»ls;usedg

- with“'the ratio T /P to obtain the unit peak
Q.dlscharge,_q from Figure.4-34. If the ratio.w.
:I /P lies ou%SLde the .range .shown. in..Figure.:4=34,
091 to o. 5 another peak discharge method sheuld
be used.

AR Ll ‘ .;"- k) S T

5. The pond and swamp adjustment factor, F , is
.,Qfﬁnestlmatedhfrom_below‘(TRﬁSS,rpSDA,ASCS,p1986):

Pond and. Swamp o
Areas. (%)) . . TP
0 1.00
R 0wz o 0R9T
o 1.0 ( - 0.87
‘ 5 ] 0 : R ] 0. 72

. .. The pond. and.swamp adjustment factor,?F » applies

only to pond and swamp: areas|located awgy from the
main flow path. :

0
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6. The peak runcff rate is computed using
Equation 4-12. ' The same procedure should be used
to. estimate -pre- and- post-development times ot
concentration when computing: pre— and

post development peak dlscharge.
> s i B T

Sane the 1986 version of TR-SS includes. exten31ve revisions

to the 1975 version, the earlier version is no longer .
appropriate ‘for.use." The 1986:versioncan be obtained:from
the National Technical Information Service in”Springfield,
Virginia 22161. The catalog number for TR-55, "Urban
Hydreology«for:Small- Watershedsp“ams PBB7-101580. Microcom=-
puter diskettes with TR=55 procedures are also available
under catalog number PBB? 101598.

4 5 6 OTHER TECHNIQUES E ‘J'

" Techniques other than those 1lsted here may-be used for
computation-of de51gn ‘flow: rates, subject to the approval of

the .Public: Works" Department.«

R e

4.5.7 EXAMPLE PROBLEMS

P N N T
[T ”‘-x,, P TN ol

Examplel4 4. Ratlonal Method Peak Runoff Rate

2 i..‘ d

‘Use the Rational Method to compute the: peak ‘runoff rate from

the- watershed in: Example 4=1-for-a- 25-year,424-hour storm
event. e . Tnd s .

1. Total area of watershed = 50 acres.
1;2}'*1Erom»Example”4§1; the -25-year runoff coefficient,

C is 0-58- '
25’ : R )

3. From Example 4-3, the watershed .time of

concentration is :

a.i”vay TR-55 (Equation 4;10), t, = 34 minutes

b.ij By kinematic wave equatlon (Equatlon 4-9} ,
’té = 28 minutes e =

o4, - From Flgure 4~1, ‘the ralnfall 1nten51ty for a
L 9#25-year storm.is ool F ERNRREER
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a. <’For,rc =J34:ming;es,51? 4.0 inches/guur

b. For t = 28 minutes, I 4,4.inches/hour--

5. The peak runoff repe is computed from Equation
4-11 as‘‘followss! ™'t wEP
a. 051ng the SCS TR-SS method for t 3

°QZSA= (o 58) (4.0)-(50) “ ‘ PR (A

'””*Using“the“klnematic Wave’eqqafioﬁfforfté:“ﬂ=

LR

0, ="10.58) (4.4) (50) -~ 1.~

(SR

25

0 =-128 cfs

025 12 ‘ L
Example 4- 5 TVA Regression Equation Peak Runoff Rate
T T e :‘J.JV..,;A'-'_,:" et a dgeaa s . TR .

The 50~acre watershed in EXaﬁple 4-1 has anseEtimated

= lmperV1ousness of about 30 percent resultlpg from
arbanizatidn’® - Determine the®10-;-50-7 ang"

2 'Ioo—year peak
runoff rates uszng the TVA regression’ equarlons.

1;”~vDétermine“if‘fhe“Wateréheﬁ“Chérabteriﬁtics’are
within the limits of appllcablllty of the
regression equatlons..t" . ) N

a. Area = 50 acres pr'0,078‘square_mlles
b. Impervioushess ?.30 percent

g e

'The area is sllghtly less than 'the- lower limit of

- applicability (60 acres) and the 1mperv1ousness is

within the range of appllcablllty (3" to 50 per-
cent) . Although the area is less than 60 acres,
use the regre551on equatlons for ‘comparison.

‘l2. ~ From Table 4- 9, the peak runoff" rates, are as

follows. } N
Q‘"“-'3ss (0% ovs) 69135)0+23 .
e LN ol B T I
”“"Q’“ =“137”cf5'”“ R

10
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- o 0.6 0.
b. Qg = 680 (0.078) " 130)°

]

C Q 195-¢cfs - - . o

50

o 13-*

106’ é 855 (0. 078) (30)

QlOO = 229 cfs

Example 4-6. SCS TR- 55 Graphlcal Method Peak Runoff Rate

‘Use the SCS graphlcal peak dlscharge method to compute the
peak runocff rate from a 25-year, 24 hour. storm event from
the watershed in Example 4-1. Use the watershed time of
‘concentration computed . 1n .Example 4-3.

1. From Figure 4-1, the 25-year, 24 hour rainfall
depth is 6 21 inches.

11; :“From Example 4= 2 the comp051te curve’ number, CN,
'-”15 74 O T .I‘IL‘W. Lol w"fUHﬁJ fhyy

.bq,.*gFrom Example 4 -2, Step 3r the 5011 storage, S, 15
3.5l 1nches.._ . C . R

. 4. Using Equation 4-2, the rainfall excess is

_tewriodesin® o
25 6.21 + 0.8(3.51)

" R

:5;4'3noﬁes

F
2 s . . R PO - .
5. From Table 4-12, the initial abstraction, I , is
- , _ a
.0.703 inches. ..o crl e s e

L T R=0.70346:21

ESEIE R

' LI 4P = 0,11 .
L "a"ﬂ o e ! T - L
7. From Flgure 4-34, for the time of concentration,
t , from Example’4-3, of 34 mlnutes (0.57 hours)
aSd with an Ia/P ratlo of 0. 11, "the unit peak
dlscharge,-qu, is 500 csm/inch of runoff.
gnR370/021 | 4=28
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.B.. ..The pond-and swamp. adjustment factor, F_ ., us 1.vu -
' since-no pond;o::swamp:area*exists; DR L e

- 9. w_The ‘peak runoff rate:is computed using: Equatlon
4= 12, as: follows' 3¢:5:J At -x:huif“

(500)(50/640)(3 4)(1 0}

o s T

‘ -

WYL

133 cfs . - 1u;“lrmf; R

ﬁml-”4(6"FLOOD‘HfDROGﬁAPHé'j:iﬂ %

‘‘‘‘‘‘

Follow1ng ‘a dlscu551on of hydrograph termlnology, flood

"hydrograph procedures for unit hydrograph theory and the D

5CS. TR-55 (1986) tabular method are. dlscussed below. o

we b0
P

er flood hydrograph 15 a contlnuous plot of the surface run-

off flow’ ‘rate Versus time. Although historical streamflow v

© data are preferred, they are not generally collected for the

typical watershed; thus, synthetic methods for developing.
flood hydrographs are often. requrred If historical data
are not .available for a given basin, then data from a
similar basin may be approprlate.

A typlcal hydrograph resulting from an isoclated perlod of

rainfall has the following major components,-as 1llustrated
in Flgure 4=351 St e e e

1.  .Rising limb. .
2. Crest segment

3. ,Falling limb or recession curve .

The shape of the. rising :limb is 1nfluenced prlmarlly by -the "

~characteristics.. of ‘the storm. that -producedvithe : surfaceWM e

runcff. The point of lnflectlon on the recession curve:.of-

" the hydrograph is commonly assumed  to mark when surface

inflow to the channel system ceases (see Flgure 4-36).
Thereafter, the recession curve represents the withdrawal of
water.from storage within the watershed. As a result, -the -

- recession curve is largely independent of the storm and is

o
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influenced 1nstead by watershed: characterlstlcs, BUCL ‘wu
channel slope and storage avallablllty -

The'hydrograph terminology used'thrbughout this ‘manual is
presented in Figure 4-35, along with ‘appropriate ‘SCS hydro-
graph equations. A rainfall excess hyetograph, which in
this case is a single block of rainfall excess over dura-
tion, D, is shown in the upper part of Figure 4-35, The
‘runoff hydrograph is presented directly below the rainfall
excess hyetograph. ' o - |

The area enclosed by the hyetograph and by the runoff .
hydrograph represents the - .same ‘volume, Q, .of direct runoff.
The maximum flow rate of the hydrograph is the peak flow,t_
q ., while the" tlme from the’ start of the hydrograph to q is
tBe time to. peak t . . The total tlme duratlon of the o pﬁ"
hydrograph is knownpas ‘the time base, t.'. The watershed
lagtime, t_, is defined as the time from the center of mass
~of the rainfall excess to the runeff- hydrograph peak. The

; follow1ng equatlon summarizes the relationship between the‘
& time’ parameters for the rlslng 11mb of, a dlrect runoff '

hydrograph ,;f;"gj L :; . S S

P ;LC
where:
: tt = Trmetto peeh or"tlme of‘rrse ef the runeff
P hydrograph SR L
D = Duration of runoff-prodteingreihrell
t, = WaterShed'iagtimef- ” “ B

' The..recession. time‘for‘a’hydrograph'is”the'difference
between .the .time-base .and 'the time to peak and- can be 3
expressed as..»ﬂf*;- e ." BRI ‘:fwl”

where: ..~ . o N R

tr = Hydrograph recession time
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'q,élz, UNIT _HYDROGRAPH THEORY

‘.proposed unit- hydrograph theory, the concept ‘has+ notJ P

L.as.. orlglnally lntended'“‘

.. HUNTSVILLE=-=SMM | ST R REFE S RN €]

t =”Hydrographutime;base¢tfm

b
t = Tlme to peak or tlme of rlse of the runoffg
p hydrograph e e e Iy a1 .

o el N.nﬂ-.;.!m. w

T T TR RS ES W00 3 EE AR NP o
'The c0ncept of a unit hydrograph publlshed by L. K. E‘“.':‘.he:.'lm':tn
in 1832, provides a widely accepted basis for converting
rainfall.excess from:a watershed:to: a:runoff® hydrograph.
Although:the: tools -and.-data-available - for developing ‘unit -
hydrographs. have become more: extensive: since- ‘Shérman' flrst

Changed- - "\.‘," AR Ta e I ar LT Y Sowlt o A "‘?l

P
R

- . . - . . o~

VA unlt hydrograph 1s deflned ‘as’ a runoff hydrograph‘that is

produced 4by :1:.inch.of rainfall excess.-distributed’ unlformly

- over'a.watershed and’occurring-at-a-uniform rate- :during-a~

Speleled perlod of . time.". Sherman orlgxnally ‘used- "unlt“*to

V,denote ‘the:: .specified”durationof rainfall’ excess EOrtE
;partlcular uniti hydrographi ' The:word"unit®™ is .6fteri'misin~
- .terpreted.ias. l=inchvor.a-"unit ! ‘depth"“of effective rainfall

excessirather: thanﬂassa‘"unlt*of tzme for ralnfhil‘%Xc s‘s¢

B Lt r". B SETo e el

The follow;ng assumptlons constltute the basls of unit -
hYdrograph stheorys v -ﬁ‘.w«?141u o R

,n;q‘,'The ralnfall excess is unlformly dlstrlbuted w&thln
its unit duratlon or spec;fled perlod of time:. .~

2. . The rainfall excess is unlformly dlstrlbuted im.
 Space over a-’ partlcular watershed.r

3}m"The time~base for a direct runbff‘hydrographeﬁue"‘
to a ralnfall excess of unlt duratlon is constant.

4. ”The ordlnates of the dlrect runoff hydrographs,
when a common unit duratlon,ls,conSfdered are
directly proportional to the total volume of

.. .. direct. runoff represented. by-each: hydrograph
‘;ﬁ.(prlnc1ple of - llnearlty orvsuperpOSLtlon).

- R B . Bl n. e e .-: VAT A
e vt " .

5. ‘For a glven dralnage ba51n, the ‘hydrograph of
runoff caused by a unit duration and volume of
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ralnfall excess .is invariable. (prlnc1ple Co vamn
1nvar1ance) ‘ (:)

These assumptions cannot be precisely applied to natural
precipitation and drainage basin characteristics. However,

'eXperience has shown that the unit’ hydrograph. method éives
results that are sufficiently accurate for most dralnage

iproblems.. VIR : -,y_‘-‘, R T T IRV SR 4
The-twoLiundamental:assumptionsgthat4mustaalwaysmbe:conef3-
siderédwwhenuapplying unit hydrograph: theory}areJthe
principletofgliuearity A{Assumption. 4);::and.;the: prlnClple of
time invariance  (Assumption 5)... Theoretically;:each+~incre=
ment of rainfall excess can be routed through the subject. -

- watershed in accordance with the principle of linearity. 1In
practice, this means.that the product-of:a- rainfall: excess
.volume and ‘the. sequence -of .unit hydrograph. ordinates: (iie..,.
runoff rates in -cubic -feet per second per:.inch of:rainfall.

“4excess[ produces‘anHestlmate 'Qf the runoff hydrograph_forﬂf

. that volume of rainfall excess. .In addition;.the:principle

. .of llnearlty allows individual runoff. hydrographs deéveloped

from a, sequence. . of 1nd1v1dual ‘rainfall .excess .volumes:(i.e.,

a des;gn storm, of rainfall excess- 1ncrementsmarranged LW C:p

units of time equal to the unit duration)..to:be: superlmposed

and added when estimating a total runoff hydrograph. The

principle of time. invariance requires. that:ithe.hydrologic:"

characteristics of the drainage basin be fixed<or. specified
for a particular unit hydrograph Land development and ‘
channel improvements are. typical act1v1t1es that 'violate the*

principal of ;time: 1nvar1ance. Caa e

4.6.3 : UNIT HYDROGRAPH”ﬁ .PROCEDURE o
A flood hydrograph can be developed through the follow;ng
steps usxng the unit. hydrograph procedure- -
1. Develop a unit hydrograph for the subject
., .. watershed using.an approprlate procedure (see
”5dlscu551on below).~<.Ar S
-sz;JDevelop a. de51gn storm hyetograph u51ng the time
- interval: for. which the - unit hydrograph. was
'developed and an appropriate procedure (as
o presented in Sectlon 4 2)er o L
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. 3. . Develop a rainfall excess. hyetograph using an
approprlate procedure as: presented in: Sectlonn4 3

i:4 Route the ralnfall excess hyetograph through “the
subject watershed by multlplylng the ordlnates of

: the ;unit hydrograph: by the. ‘respective: ralnfall =

uwiﬁﬂ,;: excess -increments.. : Each ‘‘‘‘ incrementiof : ralnfal

.excess will. produce awrouted ‘incremental i Wit

hydrograph.: :Each: routed: 1ncremental hydrograph is
delayed by the: de51gnsstorm time: lnterval.»ax u.

AT L Domoogmesv it teded et SRLR SRR TS
Y Develop the com9051te synthetlc runoff*hydrograph,
'~ by summing the ordinates:of . each.routed: incre-.:v
‘mental hydrograph from Step 4 at each tlme

-.interval.of; the. hydrograph.

',gm 1"" - Li'r-“‘—'}lu—_‘l‘

6. Check to ensure that ‘the volume of the synthetlc
T :unofﬁ‘hﬁdrographolswequal ‘to:the-volume of .
' rainfall sexcess, using: the:equation: -

o ﬂdv”d 12 At Zq e hf’;ufk‘:'_ . (4=~15)
w1 A(43 560) Peiho e .
where:
V = Volume under the hydrograph, in
incheS‘
. . ,;~Atu= Tlme 1ncrement of the runoff
:_hydrograph ordlnates, in seconds .
T hwzd-fe Sum of the runoff hydrograph

T ordinates, incfs,.for each- time
' ] ‘ " increment i

. A = Watershed drainage area, in acres

o A

4.6.4 SYNTHETIC UNIT HYDROGRAPHS

Unit hydrographs should be developed u31ng observed rainfall
and streamflow records when, theyeare avallable. Procedures
for der1v1ng unlt hydrograph parameters from observed data
are well=- documented ‘in publlcatlons by Linsley, Kohler, and
Paulhus,(1982), Viessman et al,‘(1977}, Chow (1964), and the
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USDOT, FHWA: (HEC~19, 1984) . - When observed data’ are rot
available for deriving unit hydrograph parameters, as is
often the case, synthetic procedures are. requlred The SCS
dlmenSLOnless unit: hydrograph approach is: presented below.
- - [ . ol o gl L . IR 1_“-\,,;‘_-
Two types of dlmen51onless unlt hydrographs have been
'-deyeloped_by the_SCS,:the first has-a ‘curvilinear shape as
shown in Figure 4~37 and the second 'is a ‘triangular approxi-
.mation to that:curvilinear shape . (see Figure: 4~36). In both
cases, once the. time' to’peak: and:peak’ flow' for ‘a particular
unit hydrograph have been defined, the entire shape of the
:unit,hud;ograph;can:benestimated4using-thewdimeneioniess
unit;hydrographiratios,andﬁmass data;'as'shown in Table 4-13.
The procedure for us;ng the 5Cs- curv;llnear dlmen51onless
unit hydrograph is as follows.

1.- Estlmate the tlme of concentratlon,-t'} using an

- appropriate.method (see Section 4.4). '

[~ ..2. Calculate the iﬁQ?eﬁéﬂﬁél duration of runoff
_producing rainfall,, D, using the equatien:

AD = 0.133 tc R (4-16)
, where:: - . .
_ AD = Incremental duration of runoff

v o .o . .producing rainfall, in minutes

t, = Time of concentration, in minutes

I

...3. . Calculate -the time“tdspeak,“tp, using the equation:

~ 4D '
= — N -_—
tp = T3+ 0.6 5 (4-17)
where: S
t = Tlme to peak in minutes ‘
B R Yo R Incremental duratlon'of“runoff
R A produc1ng ralnfall, 1n mlnutes
*fc-é”Tlmevofvconcentratlon;“in“minwtee'e
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4. Calculate the_peah,flowra;e,gpt as folleas,

O

L= 60 2B s e (4-18)

I l~ Ll

*'Peak'flow rate, in’ cfs fj‘*

,[1 Seldes T e

Hydrograph ‘ghipe factor,lfaﬁgind””
fzom 300 for flat swampy areas to
600" in- steep ‘Yerrain.” scsi standard
B‘va;ue =.484._

o
il

A= Dralnage area,lln square mlles ‘

’“tEf Tlme to peak, in® mlnutes

! ti R REREAS I [RNTR

© 5.7 List the hydrograph time," t 1hﬂinofepeh£eﬂo§fpff,
- "and calculate t/t S "“ﬂ”‘wm'p"%,:flﬂﬁf“:;

- P IR AT

RO PR I

6, Us;ng Table 4= 13 or Flgure 4-37, flnd the alq_
it e ‘ratio~ ‘for “the approprlate t/tp fatlos calculaged
' 1n Step 5. .

4 - . s .. [ .y Sl ® T
{\ N T T I PR e B D

)

7. Calculate the appropr;ate unit hydrograph _
ordlnates by multlplylng the q/q ratlos by qp.

7*8;”* Determine: the volume under the unlt hydrograph to -
ensure that it“is ‘equal™to-1°inch.*

The SCS triangular dlmen51onless unit hydrOgraph procedure
is 1dent1cal to the curvilinear procedure presented above.
However, ‘to draw'the requ;red Whit" hydrograph, only t/t
ratios of 0, 1, and 2.67 are:needed. -When- applying theP
triangular dimensionless unit hydrograph ‘the time of
concentration,  t % is computediidsing-‘Equation 4-16, the time
to peak, t_, is computed using Equatlon 4 17, and the time.
base, t,,is computed as -followss - Fow . ui o Ld

i -ft'v#“2:67*t'~ 3 o
’ o N <o e
where: , RN ' ‘

‘t = Time to peak,-‘in“minutes'™ - .= . ‘:”f*?ff'

fee L L P
PRt ] Poa Tl
\ | ; ) -
.t . R . - v o [ PR [
— i NI I P p BT Lot AL cirEh o a Y
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Eb =' Time base, in minutes
FIf .a short duration unlt hydrograph is used to deVelop a
long-duratlon synthetic hydrograph, the actual shape of the
unit hydrograph is not nearly as important as the time to
peak and peak flow rate for that unit hydrograph. There-
_fore, a trlangular unlt ‘hydrograph would probably produce
approximately the same synthetlc runoff hydrograph as a
curv111near unlt hydrograph.

,438{5 SCS. TR-55 TABULAR METHOD..

AR A

The tabular method. developed by SCS can be used to estimate
flood hydrographs from watersheds that can be divided into
relatlvely homogeneous land uses. The method is based on
the results, of. computer. analyses performed using TR-20
(USDA, SCS, 1983) and can be used to approxlmate the effects
of. hydrologlc channel routing. . Details for applylng the

- procedure are contained in SCS TR-55 (1986) - Limitations of
" the tabular method are summarlzed as follows-

Vl.f iDeadénfstorﬁ = SCS Type II, 24-hour dlstrlbutlon.

2. Time of concentration, tc' of 0,1 hour <t <2
- hours. S ' . - c

3. DAs”of’indiViduai éuoaread do\nof“dfffer by a '
.. factor of .5 or more. . . The procedure was developed
for a DA of 1 square. mrle.“ SR :

héin"Curve‘number,”CN,eof~40.<,CNf< 98.‘1;L@,h‘;~

HLSQ {;Ratlo of 1n;t1al abstractlon to prec1pitatron, '
e, et oﬁ1 <I [P g 0.5 | |
6. ~Un1t hydrograph shape factor 484, .. . oo

r
LT

7;: The reach travel tlme,itT,“ls_O,toé3 hoﬁrs.

Because the 1986 version. ©f TR-55 includes extensive: ‘
revisions to the 1975 vetsion, the earlier version is no
-longer appropriate. The 1986 version can be obtained: from,
the National Technical Information Service in Springfield,
Virginia  22161. . The. catalog number for TR-55, "Urban
Hydrology for Small Watersheds,' is PB87-101580. Micro-
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44 6.6 OTHBR METHODS

e e

computer diskettes w1th TR-55 procedures are 2ls0 &l\aeauw.s
under catalog number PB87- 101598

Other methods of developlng flood hydrographs may be used,
subject to approval by the Publlc Works Department. '

.6 7 EXAMPLE PROBLEMS | -'U[- ' -iﬁ'k

L D

‘ Example 4=7. SCS Dlmen51onless Unlt Hydrograph‘

W

Develop a synthetlc unit hydrograph for the watershed in
Example 4-1° u51ng the SCS curV111near approach

(f’ . -g\* .

1. FromuExample 4-3, the watershed timé of -
concentration, t ’ 1s 34 mlnutes. R

S

2. From ‘Equation 4-16, the incremental’ duratlon of
: runoff produc1ng ralnfall, AD, is ' -

0 133 (34) P RIS
AD 4 5 minutes or O 03 hours e

3. From:EqUation 4-17, the”time to peak;“tp, is

4.5
p ; ._.-—2".

t + 0.6(34)

t
P
4. From Equatlon 4-18, the unlt hydrograph peak flow:.
) ‘@:"fnrat‘?—'o q ] o4 “'""" R T ‘

| 484 (50/540’ o
9p =60 23

+23 minutes

g = 99 cfs

. p ' [ . . - - . 3
5. From Figure 4-37 or Table 4-13, determine the g/g
‘ ratlo for approprlate?t/t ratios. and calculate” 5
‘the“unlt hydrograph ordlngtes by multiplylng “the™"
q/qp ratlo*by qp_as*follows"

FETR Tk

TR Y SR T LI NSV .'r r.;;s

R
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: I AL L g
(hours) hours) . (3199 cfs) . fcfs)

0.00 0.00 " 0.000.
20208 - o1 00200 0 e e 0001000
.16, 0,407 .o . -, ©0.310...
To.2a T 0.60 f,‘ 0.660
0.32 0.80° ri 0., 04930 Lo
0.40 1.00 SR Gge” ""f”
0. 48 - a X200 o O 930 Teo
0 56 e . 1 :40“..,“..‘...‘..,..“; N e 0 780 T SR
.. 064 s rLe®Q L, oL 045607 Co
0. 72 18O 00390, ¢ o
.80 - 2.00 0.280
0.B8 : . .- 2420, 0 . c ol 002070
0.96 . .- .. 2,40 | i.0.70.147
. 1.04 - 2.60 .0.107
S 1,120 e 2480 L0 L 0.07T
1,20 . o, 3.000.c .. .. - . 0.0SS.
1.28 ‘ . 3.20 | .0.040
1.36 3.40 S 02.0.0290
1.44 e 380, "o el ) NIt 0.02L . .
1.52 3.80 -~ 0.015
1.60: - o oo 4e00 w0 . 04011
C1.68 4.20 0.008
1.76 4.40 . 0,005
1.84 . 4,60 T Y Tglo02
1.92 , | 4.80 - 0.001
2.00 5,00 - .. - . 0.000

fon
Q o -

WY o e W
YA R
5 B

[N
oo

[N
W . oY
o

w
L{a)

~
o

| il
= W

e

IOOOOH‘HHNwhmm

[«
5]
Q

R S Check that the unit hydrograph volume,equals 1
inch uksing Equatlon 4 15.h '

Dy Y
., .k,

12(0.08) (3,600) (660)
(50) (43,560)

VvV =

i

EXTNS S - VAV 1

e ¥
B
-ExampIe”4¥F;-'Flooc Hydrograph U51ng Unlt Hydrograph Theory

Eulgi. BE & Mok b st ‘:1_\,. T

\V4 1,05 jclose enough)

T NS '(I:L Lo A at ‘-‘»‘a-"

de51gn storm for the watershed described in Example 4-1
using the unit hydrograph developed 1n‘Examplerﬂ -7.
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1. Develop a balanced storm hyetograph and cumuiative
'“\'1;mass curve u51ng the IDF .cucve. for a. 25—year storm
\lfrom Flgure 4=1,-as shown 1anable 4 14

a3g

x-\ .
-m-v‘ > J

o v b e
‘\' [ T

. £ 5
_.:‘..,,;.l-- I "?.un.ega'w o B

Apply Equéfldn 4-2“toﬁthefcumulat1ve depth as

.follows to obtain the rainfall excess hyetograph

L it B e Dy Ot bl e weeriio ok )
o ' S e Cumulatlve . Rainfall
Time, Cumulative = ‘Rainfall , - .Excess
ot “ ‘Depth ‘ :- . .. Excess Hyetograph

_Jdhours). - . (inches) (inches). . .. '~ (inches)-
0.00 0.0 " To.00 0.00
0.08 . 0.01 . 0.00 0.00

' 0.16 - Q.04 . 000 - - 0.00
0.24 “win iy s ’ '~ 0.00

{
o
[ ]
o
o

i S ES PP
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urﬁa.“ -Route the ralnfall excess hyetograph througn the
" watershed uslng the unit- hydrograph developed in
Example 4-7., 'Each increment ‘of ‘rainfall excess
o from the design storm is multlplled by the unit
i el gu» hydrograph: ordlnates.- Thls routed 1ncrementa1
4 . 4“~hydrograph begins at" “the ‘time” 1nterva1 during
-2 whichrthe ralnfall ‘eX¢ess ‘occurred. ‘The rainfall
.wmils . eXxcess- hydrograph ‘is‘obtained by‘summlng the
ordinates of each routed 1ncremental hydrograph
;uf%as“shOWn 1n Table 4;15 i e
TN Baanl ) PR I R ‘
4. Check that hydrograph volume is equal to the
‘ ralnfall excess.

REURERA T 12(0 08)(3 600)(702)

:;5ﬂ5|” vV = ‘_J;ﬂl 48 lnches {close enough)
50 (43,560)

4}71fHYDROLOGIc cﬁANNEL ROUTINGTT'

The Musklngum Method of hydrologlc channel routlng is
recommended when’ computer-based procedures are not used A
tabular method presented by the SCS in TR-55 (1986)"
approprlate for prellmlnary desktop calculatlons.f

4/7.1 MUSKINGUM METHOD

Lot

The Muskingum'Method is applied with the following steps:

'“jl. Select a representatlve flow rate for evaluatlng
1 " the parameters K and X.: Use 75 percent of the
inflow hydrograph peak.. If this flow|exceeds the
channel capac1ty, use the channel capac1ty as
representatlve. :

‘ 2. Find the veloc;ty of a. small klnematlc ,wave in the
~ channel u51ng the equatlon.

Lol (YY) Q) L,
ov=3 ( M o ) (4-20)
where: .
v = Velocity of a small kinemaric wave,
in feet/second ' :
gnR370/021 o 4=40
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- QlY) =

oo Aaal

~A.representative flow rate ror
channel” routing at representative -

depth Y, in cfs .
,A¥m= A small ‘increase in the representa~
: t1Ve depth of flow 1n the channel
hQ(Y +‘AYI = Flow rate at the new depth Y + AY,
. comee e cinefs
B = Top'width of water_sunﬁace; in feet
ﬁgaz‘kEstlmate the‘mlnlmum .channel length allowable forV
§ ""f”;fthe routlng, usxng theffollow1ng equation, and
) H_j;:.make sure. that AL is. greater ‘than AL oin’
R DA : -
ALmln" ‘ BS Vv : | (4-21)
owhere: . ... . :
_ALwnﬁt- Minimum channel length for routlng
md calculations, in feet
" s- Q=:Flow. rate,.ln cfs
A“E = Top w1dth of water surface, in feet
s = Slope of. channel bottom, in
©. feet/foot
| ‘g }QQQE Veloclty of A smalltklnematlt wave,
) : in feet/second. - - '
4. Estimate a value of K using the follow;ng equatlon
o (make sure that K is less than the time of rise
y . for the 1nflow hydrograph).ﬁ_' e £
- . '_‘: B i!{{ Y ;’5.,; =
o _ AL '
‘ K= =2 (4-22)
where: -,

' “Muskingum channel routing time
constant for a partlcular channel
segment’ ‘ :
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- ALY

Channel" rcutlng segment lenguu, L1l
feet

v = Veloc1ty of a small kinematic wave,
s4..+kn. feet/Aisecond
a; el b »

Estimate the value of X using the equation:

e ; . P Q - iy ' : }
\ X."“”O’S'('l - _BsovAL) S (4-23)

R u;'-where g e

: Dlmen51onless factor that determlnes
~the! relatlve welghts of inflow and
outflow on’the channel® storage volume

S
' n

Q-= Flow rate, in c¢fs
B = Top.width of water'surface, in feet

.S -=.8lope of- channel bottom,  in
‘ feet!foot :

..Velocity' of a small kinematic wave,
in feet[second”

-
W

',4,"7.‘

AL Channel routlng segment length, in
SRTRTS feet :

Select a reasonable channel routing time period,
T ..-Aty using - the criterla expressed by the following
inequality: ' -

B B P € = 7
Determlne coefficients C C ? and . using the

following equatlons (make sure that 80 + C_ +C_ =

) 1.0): 1 2
-KX + 0.54t
; : .?0.7. K - KX + 0.54t (4-25)
‘;ru l»
4-42 |
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KXo 40 S At v . i

1% K - KX + 0.54¢C o ‘4 2_5’

W%Musklngum channel routlng tlme I
. constant for a partlcular segment

X = Dimensionless factor that determines
the relative weights of inflow and
outflow on the channel storage volume

At Rotting time period;,in.hours :

8. Determine an initial outflow, O_, then calculate
an ending outflow, O_, using thé equation: '

2 .
02 = COIZ + c111,+ c20_1 ' (4-23)
where:

0. = Outflow rate at the end of routlng
time perlod At, in cfs

I_ = Inflow rate at the end offrouting
time period At, in cfs

I, = Inflow rate at the beglnnlng of
“routlng time perlod At, in cfs

0. = Outflow rate at the‘beginning of
routingutime period At,,in cfs

‘The routing is then performed by repetit1valy solvxng

Equation 4-28, assigning the current value of 0_ to O_, and
determlnlng a new value of O This sequence o% calcula~-
tions contlnues until the en%lre inflow hydrograph is routed
through the channel. LT

gnR370/021 . ' - 4-437
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4.7.2 SCS TR=5S5 TABULAR‘METHOD

The SCS tabular method'can be used to approxlmate the
- (effects of hydrologlc channel rout;ng on flood hydrographs.
Details for applylng the procedure are contalned in §Cs
TR~55 (1986). Limitations are summarized in’ “Séction 4.6.5.
The 1986 version of TR=55 supersedes the 1975 version and
should- be. used 1n place of the older publlcatlon.

NHE TR AR AR P O ‘.‘.‘ WE e -..‘ &

AR
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GUIDELINES

Hydrologzc Method

e Table 4=1.;
FOR"- SELECTING HYDROLOGIC PROCEDURES

“section i
-.0f

\‘\r

::T? - i% 'Ratlonal Method

*5. VA Graphs ..,

PR, tavs .4 -'"' Ll

i*2. ,,8C§ TR=55 Graphlcal @Qj' P
».3. *8C8 TR=55 Tabular.: '+ .
4. . TVA Regression Equatlons

Time of Concentration,t

1 Manual e

Com

PP

VR . O
- > - ';‘.
- svtn; Oy 1t N

a

s
.

-
Whwwmmnan

<Limits of Application =

N iR : o, LA R I

Drainage Area,*DA Imperviousness I /P

o YO Unlt Hydrogfsph .
- 1..Rational
Methed?®, -
. SCS TR-55 '
Graphical
Jhd .
CS TR-SS .,
abular ¥ @

: . -.':"‘,.,".
- 4 TVA Regression N/A

,’ quations S T
" 5. TVA Graphs N
6a:lUnit @émﬁ Any. -

Hydrograph

o .-~4<

( 50 ac:res

5 mln < t < 30 min‘ 0-100%

;:,"‘ : .

N/A

“o. 1 hr ¢ t < 10 hr 5;‘ o 4d‘£;cu < ?8'. -5
‘0. 1 h; tc PRSI “ 40°C/CN ¢ 98" .1-.5
B S 0.lsq.mi.<DAS  3-0v N/
o v - LU 5 sq. ﬂ'li. :._‘_“ 4 e , . .»‘-,.:;‘7 .
N/A e T e N/A
510 >0  i.s 0-100%

o e St o adel

Ause of the Rational Method beyond the limits shoun requires approvnl by the éngineer of N
Public Works, and results should be compared using other methods. : R

sgPAﬁsinglexhomogeneous-suhbasin;is required,

1 square mile.

o
1% lh‘!

. The - procedure was developed using a DA oE

cDrainage areas‘ef individual subareas cannot diffez!by.a-factor-otm5¢or more. . Thei « = (i
procedure was developed from results of TR=20 computer analysis with a DA of 1 square mile.

d

N/A = Not applicable.
GENERAL NOTE:

Applicable oﬁly to the stream :eaches modeled as identified on graphs.

" At the discretion of the Enqineer of Public Works, design discharge values available from
other projects or studies shall be used in the design or analysis of selected stormwater-

management facilities.

 gnR370/015~1
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Table 4-2
MONTHLY AND ANNUAL FPRECIPITATION AVERAGES FOR
R HUNTSVILLE;‘ALABAMA,;BETWEEN[l959fANDm1986"-
Precipitation (inches)

Year Jan. Feb. Mar. Apr. .. May . June July Aug. Sep. Oct. Nov, Dec. Annual
1959 - 4.36  3.62  3.29  4.44 5.53 3.65 3.17 3.55 3.49 4.69 2.4 S.74 48.27 |
1960" 2,58 "R 2,097 3,38 331 3.49 S50 4.607 €Al 371 1.51 50.65
1961 1.76 9.13 B.45 2.2 4. 68 4.46 2.16 5.39- 0.49.. l. 46 . 3,71 12,17 56.07
1962 8,53 B.38 6.26 4.57 1.55 4.68 2.17 0.72 3.78° 3.13 ' 5.47 3.33 52.57
1963:-~  3.59 1.88 10.45 9.057  3.09 6.54 6.08 1.13+'0,97 '-T ' "4.44 6.2 53,51
1964 5.34 4.00 10.75 12'55‘1'2‘13 4.28 7.42 2.54 .4.49 :3.25° 4.00 '.3.45 64.20
1965 3.61 5.67 ° “8.20  3.15°-°3.10 5.79 4.44 3.38° 3.60° “0.657 0.64 0.76 ‘42,99
19663 4.29 4,93 2.16 4,04 6,23 2.90 3.28 6.30 4.53 3,36+ "1,72 3.17 46.91
1967?V 1.83 4.02 .. L.63 3,90 . 6.48 4,20 14.81 6.24..2.87.,3.89 ::.4.12 11.06 65.05
1968.' 6.01 l.14 5.63 - 4,05 5.87 0.77 2,90 0.94 4.15 1.94 3.84 5.19 42.43
1969 7.38 6,97 3.00 6.79 6.85 6.15 4.36 3.38B 4.39_ 2.49 2.47 9.48 63.71
1970 .7 2.75 7.40 9.08 3,06 6.61 . 2.44 4.04 1.80 4.76 2.58  4.73 50.96
1971 5.25 9.57 6.64 3.29 3.59 1.34 4,70 2,97 5.99 0.77 1.82 9.89 55.82
1972 7,97 2.58 4,94 4,02 ° 3.53 '1.90 6.57 2.25 3.83 2,20 5.07 6.62 51.48
1973 6.33 4.84 14.77 ;. .. 3.86 . 4.38 .2.24- 9.44 0.93 1.78 3.41 . 6,79 8.44 67.21
1974 10,50 7.73 3.56 775,57 9.03 3.00 5.14 3.1 3.23 1 36 5.25 6,01 €4.29
1975, .:5.38. 4.96 . 12.17.. 3,17 6,48 ~4.61 ,.8.32 3.57 S:11.12.06 = 3.5 3.55 72,970
l976™ 37947 3,367 " '6.84 “'1.84°7 6.60° 7.30 7 4.35 1,27 7.40° 4.38 2.61 3.47 53.36
1977 .+ .3,71 " 3.40 92.50 6.68  4.13..2,40. -3.41 “2.46 9.03: 5.31 11,53 2,25 63.81
1978 3.86 0.59 4,81 2.89 6.30 3.87 5.64 3.45 2.83 0.79 3.83 " 7.68 46,34
1979 5.95 5.59 5.74 7.46 4.03' 2,60 6.49 3.04 5.38 2,91 6.65 2.20 57.94

e WL L ’ IR B ST ey Rl
1986 T 550 1.79 17.00 5.04 9,08 2.09 l. 87 3.55 9.78.. 2.46 5:83: 64, 90b
1981 -1.80  3.09 5.93 2.87 3.55 1.99 3.72 4.37 0.78 4.07. 5.41 41.81
1982 . ,10:92. 6.12 270  10.02 3:89i 3,10 : 4.09,:3,92 0,55+ 1.98  5.49” 163iB7- 59.65
1983 *© 2.26 5.17 5.02 9.95 11.88 5.87 0.79 1.35 2.174P2.59 8.60 11,74 8£7.39
1584 3.66 3.65 5.86 5.85 7.51 3.40 4.51 4,58 (.76 6. 67 6.89 2.69 56.03
“"w . , TR . . ,'\v, . ) RO ey R L.
1985 . 4,65 4, 18 348 3.01 6.56 4.72 6.49 7.19 3.26 7 01 1.86-.-2.65 55.06
193¢ 1.32  4.43 3.26 0.42 5.68 4.85 3.07 9.81 5.10 - 3.90 7.87 4.86 . 54.57
. T . 3w Py e .

Record - b b '

Mean 4,91 4.50 6.71 5.07 5.29 3.88- 4.83 3.63 3.79 - 3.41 4.58' ”5:464l56.07

Reference- U.s. Department of Commerce (1936). h

Note-' Te Traéé I et T L ; o R S

Station change Erom old municipal airport off U;S. Righway

off Alabama Highway 20.

bExtreme data points {maximum:ﬁnd”minimum).."'

Py

gnR370/020a
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- Commercial anqkindustrial 0.60 0.95 - - 0.65

Reference: DeKalb County, Georgia (1976).

Note: SFR = Single-famiiyrresidential
MFR = Multi-family residential

Welghted coefficient based .on percentage of 1mperv1ous surfaces, and green

areas must be selected for each site.

b . . ‘ - .
Coefficients assume good ground cover and censervation treatment.

O

CDepends on depth and degree of permeability of underlying. strata.

gnR370/015a - | O 4-47

- Table 4-3
: . . RUNOFF COEFFICIENTS FOR A DESIGHN STORM RETURN
C‘ ‘ R PERIOD OF. 10 YEARS OR:LESS.
: : e e e - S Sandy Soils. Clay Soils
. _Slope Ny o [f[ténG“UsemJ . h;Mln.v“P;1 Max. ~ Min. . Max.
Flat ~woodlands | s 0.10 _ 0.15 0.15 . 0.20
(0-2%) Pasture, grass, and farmland S 0.15 - 0.20 0.20" 0.25
' Rooftops -and pavement . 0.95- 0,95 - 0.95  0.9%
Pervigus . pavement 0.75" 0.95 . 0.90 0.95
$FR: k4=acre lots and larger 0.30' 0.35 0.35 0.45
Smaller lots ' : 0.35 0.45 0.40 .50
Duplexes 0.35 0.45" 7 040 0.50
MFR:  Apartments, townhduses, ii'o: ... oLl U o s

and condominiums 0.45 -0.60 0.50 0.70
Commercial and industrial , '0.50 © 0.95 . Q.50 .95
Rolling Woodlands . b Q.15 0.20 0.20 0.25
{2=7%) Pasture, grass, and farmland 0.20 0.25 0.25 0.30
Rooftops and pavement 0.95 0.95 " 0,95 0.95
Pervious pavement ) 0.80 0.95 . 0.90 . 0.¢%S
SFR: k=-acre lots and 1arger : 0.35 - 0.50 C.40 0.55
' Smaller lots 0.40 0.55 0.45 0.60.
‘Duplexes . 0.40 0.55 0.45 0.60
MFR: Apartments, townhouses, ) ) " ‘ '
C:D ’ and condominiums * 0.50 0.70 0.60 ' 0.80
- Commercial and industrial - 0,56 - 0.95 0.60 0.95
Steep Woodlands ' b 0.20 . 0.25 .25 0.30
{(7%+) _"Pasture, grass, and farmland ‘ 0.25- "0.35 . 0.3C .40
Rooftops and pavegent . 0.95 0.95 0.925 0.95
Pervious pavement ’ 0.85 0.95 0.90 0.95
SFR: k4-acre lots and larger 0.40 C.55 0.50 0.65
' Smaller lots : 0.45 _0.60 Q.55 0.7¢C
Duplexes ' . 0.45 0.60 0.55 0.70

MFR: Apartments, townhouses, ' S .
: and condominiums 0.60 0.75 0.65 0.85
0.95
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- - Table 4-4

-+ “DESIGN STORM -FREQUENCY FACTORS"
FOR PERVIOUS*AREA RUNOFF:'COEFFICIENTS

T T TRICERP RIS

Desi

gn Storm

- . Frequency.Factor,- X

- Reference: Wright;McLaughlin;Engineerséi

“'  Return Period (years)

2 to 10
25,
50
100

T

1969).

vyl

1991



69-p"

4§;§Tt};55§§;§g§-. o | o E :' . (rj) -: . . 7‘7 | (ii)

Table 4-5
- RUNOFF CURVE NUMBERS FOR URBAN ARE&S

P L T T : Curve Numbers for Hydrologic Soil Group

— s : verage Percentb .
CoverﬂType and Hydrologic Condition “Impervious-Area - - & A R T C D_
Fuliy’developed ithah® afeas (vegetation established i
O N TR S EE WO e R o R R S S TN
Open space (lawn, parks, golf courses, cemeteries, etc IC o . . ) )
.Y Pook’ condit 166 (grass Cover’ <750%)- A ST e : : 68 79 86 89
Fair condition (grass cover 50% to 75%) . 49 69 . 79 84
}Gpod oggd}tionj(gr :cover > 75%) ‘ , ‘ : , 7 39 . 61 14 80
Impervious'area TG IAER
Paved parkiug lots, roofs, driveways, etc. . . o . ‘ - ’ ‘ '
'j‘(excluding right-of-way) * "_'vif T 98 98 98 98
“ucurhs and’ storm severs. (excludinq right-of-way) : ' ' 98 98 - 98 98
Paved; open ditches (including right-of-wayl . I 813 a9 . 92 923
* Gravel” (Including right=of-way)~h & Fel 7mvese 7 vrt Tl g s e e ’ 76 BS ) 8% 91
. Dirt (including right-of-way) ) : ) 72 82 87 : 89
Wn Sl t ti__zy P . , ) .
Urban districts : . ) -
Commercial and business . s o 85 ) : 89 92 94 95

- 72 ©-- -8y :.88B : 91 93

';,;-z-m}‘

Residential districts hy average lot size

1/8 acre or less. {townhouses) | - 77 - #: 85 - - o0 - 92
_ 1/4 acre ) | .75 .83 87
¥-1/3_acre .- 87 - 2072 181 86
1/2 acre T 54 70 B0 8s
1 acre 51 68 . 579 ' 84
2 acres o B ) 46 1] 37 82
e VAN B \i“ o8 ;*~'~§‘E3:: Lol ce e ' Foo e a2 . . [ . . ‘ L3 . % . i -
Developinq urban areas
’ Iz I b
Newly graded arfasﬁ(pervious areas only, no vegetation) i -7 86 =91 94
: et R RL BB -QERTT BT AYTIV mpik PEAAN SPYOFE0 M 0 E8 ;o . s oy ¥ N
. Idle lands (CNs are determined using cover types similar i
e 3 T ? . & -j:g‘:‘f% 2 : B
Reference: ucbn,‘scs,'rn-ss (1986). e <1 41 -
) P e o i .
aAverage runoff*condition, ‘Antecedent: Moisture Condition II, and I = 0.25, - o - IR i . PR

bThe average percent impervious area stown was used to develop the. composite CN3; Other assumptions are asifollows: impervious areas =
-are directly connected.to thé drainage system,. impervious areas have a_CN.of: 98, and pervious areas ] consldered equivalent ta pen

T e e T MEROPIE L

space in good hydrologic condition. ™ - .7<‘é3

CNs shown are equivalent to those of pasture. Composite CNs may be computed for other combinations of open space cover type.
dComposite CNs to use for the design of temporary measures durino Vrading and construction should be computed based on the degree of
development (impervious area percentage) and the CNs for the newly graded pervious areas.

‘gnR370/0154-1"




HE< 2SVILLE--SMM -

' ' SR NG mabteras s i S RS
'RUNOFF CURVE NUMBERS FOR RURAL AREAS

BT T L AR R i T L Cotee e e e g BRERETIARS b 0 s e e v

Cover Description

. Curve Numbers for ﬂydrologic So!l Group
4 Hydrologle =~ 1 E— : e

“i¢ conTs Condition - A f~g; : )
wpoor 68 79 .86 89
B 7 Fair 49 69 79 84
T P o : Good 39 61 74 80
Headow--contlnuous grass, protected from qrazing and . : . ) .
) generally}mowedmfor ha¥ ot e g s St 30 58 71 78
' Poor 18 67 7 83
Fair ) 35, = 56 . 70 77
Good , 30 48 €5 ‘ .7
. Poor 57 .n 82 86
- Fair- 43 €5 . . 76 . " 82
Good 2 . 58 72 79
Poor 15 66 77 83
Failr ‘ - 364 1 7 60 - 73 - 79
Good - 307 | 55 . 70 77
- 59 74 a2 86
= 0.25. . E
cPoor:**<50% ground COVEr.,
-Fairs: - 50 to 75% ground cover.
dActual curve numbe‘ is less than 30- ‘use CN 30 for runoff computatiens, ) o e . = o

,,,,,,

CNs _shown_were_ computed Eor ar
' CNs fot wobds and pastures. -

fPoor. Forest- Titter, ‘small: trees, ‘and brush are destroyed by heavy grazing or regular burning. * B
Fair: ..Hoods are_grazed but not burned, and_ some forest litter covers:the so0ili:

Good: Woods are protected from grazing, and Iitter and brush adequately cover the soll.

:wlth 501bwoods and 50% grass (pasture) cover. Other combinations of conditions may be computed from

i fotse-a” | O - e
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- " pable -7 T
OVERLAND FLOW MANNING'S n VALUES'
RS oo :

TTertTe R
s -

AFTRT L

RecommehdédF

cpamargyg 0 value . . Range of.Values
Concrete‘_’"-' R !Ii.‘:;«,-".a;u’.:.‘. ) ‘?011"”':5:."“‘.’ e -.‘01.,-‘;‘,{013
Asphalt a. ‘ _ Cos012 . . o L w0l 015
- Bare sand- B - .010 2a010-= .016
Graveled : surface o e .012 1~”.012 -‘.030
Bare clay-loam (eroded)? : e ol Tt ot d12 - U033
Fallow (no residue) T RN A eee@S8 L e L L0060~ 416
Chisel plow (<1/4 ton/acre residue) ‘ - W07 o M.OOG - .17
Chisel .plow (144 - 1 ton/acre resldue) B - I o A o X
Chisel plow (1 - 2 tons/acre resxdue) .30 T 19 - .47
Chisel plow.(>3'"tons/acre residue) “ v "' . A0 - T el 30 L 46
Disk/harrow. ({1/4 ton/acre. resxduehgar . .08, .. . .008 - .41
Disk/harrow (1/4 - 1 ton/acre residue) .16 o J10° =725
Dlsk/harroﬁ ‘f1"= 3 tons/acre residue) 2 .25 .14 - .53
Disk/harrow (>3 tons/acre residue) - w30 e
No till (<1/4 ton/acre residue) 04 it ,080= .07
No. till (174 .-'1 ton/acre residue) &’ .07 Gy L 0= L13

No till (1 - 3 tons/acre residue) . _ .. .. «30 . o L. 16 = .47
Plow (fall) N : ' h 08 T T 63" 10
Coulter . _ . R .10 ‘ - .05 = .13
‘Range (natural} o A SRR EE R e s RN v R B
Range (cllpped) . ryiirr w08 oy .-s}!':‘ Cir cer .012;_@- = 024
. Grass (bluegrass sgd) C EESRNI .45 2039 = L83
Short grass_praire L L W15, 0 C,e10 - 20
" Dense grass c f o S ‘.24"'” 1T =030
Bermudagrass . S L4 - .30 =7.48
Woods A g T w45 el e

X T . P

Notes: .These values were -determined. specifically for .overland flow, conditlons
'~ &and are not approprlate for conventional lopen channel flow
calculations. See Chapter 5 for open channel flow procedures.

All values are from Engman (1983), unlesé=noted?otherwise.=
qWoolhiser (1975).

bFallow has been idle for one year and is falrly emooth.

Palmer (1946) . Weeping lovegrass, bluegrass, buﬁfalograss, blue gramma
grass, native grass mix (OK), -alfalfa, lespedeza.

gnR370/015e
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Table 4-8
'STREAM GAGES IN THE VICINITY OF HUNTSVILLE
n Bttt el prainage Area Peried of (::)
Gaging Station . Number {square miles} Record Agency
' Walker Branch near Plevpa. - . . 03574796 .44 1971-1975% usGs
._.Mérris Branch near Toney L .. 03574840 1.43 1971-1975° UsGs
 Straight Ditch at Huntsville = 03574852 0.17 1971-1975*  USGS )
'Glover Cove Creek near Owens ‘ : e R
~ Cross-Road e 03575340 ° 3.52 . 1971-1975%- USGs
" 'Aldridge Creek at Huntsville 03575686 1.15 ,1971-1975“ o uscs
-WAIdridge Creek near Lily Flagg 03575696 13.9 7V 1197119752, USGS
" Aldridge Creek near Farley 03575700° 7141 ‘1950-1964b “f’uscs
(Mt.‘Gap Road) ' Tt . . 1986-present frs
- Pinhook Creek at Clinton , 03575890 . . 22.5 . . .1986-present . USGS
 Indian Creek near Madison " 03575830 ¢ 49.0" " ¢ '1959-19660 USGS
: i et L 1966=19710 L0 USGS
\ o 1971-1975% , - USGS
_ Five Points Ditch at Huntsville e T
‘(Tributary to Pinhook Creek at ' et e Tlm L et T
‘River Mile 15.15) 03575880 . . 0.62, ., -, - 1971-1975%  USGS
 'Pinhook Creek at Huntsville | 03575890 ¢ 22.57 7 1966- 1955b R 4§
T s 1971-19733. ;" USGS
' Pinehaven Ditch at Huntsville 03575910 0.16 1971-1975% . " tiscs (::)
‘“Broglan Branch at Holmes Avenue ~ﬂ-*"A31 . EA
at Huntsville :, 03575930 8.87 1971-1975% | _.USGS
" 'Bfoglan Branch at Clintor 03575933 9.51 "“-19364pre§éﬁt USGs
", .Huntsville Spring Branch at ‘ b ﬁwd;dg
Johnson -Road at Huntsville 03575950 41.8 1967-1968 < TVA
- Lo 1971-1975% USGS,
1986=-present
HcDonalﬂ Creek at -Pailon-Road 03575980 - 1986=-present -~ ' USGS
"~ -Dallas-Branch -at Coleman Street ' - 0357587728 2.79 -+~ 1986-present = ‘USGS
e e
UsGs = U.S. Geological Survey
TVA = Tennessee Vailey Authority
‘ Flood hydrograph partial-record station,
Deont inuous-record station. ‘ "
-FCrestvstaqe:partial:;ecord:station.“
gnR370/020b , - 4-52 )
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Table 4=9-
: TVA REGRESSION: . EQUATIONS FOR SMALL, UNGAG%D
{URBAN. WATERSHEDS "IN HUNTSVILLE ALABAMA

ST _ Standard.Errorb
Lemnisaey o _ . of Estimate
Equat ion - g L o RESTE & 1 BN

0.69 £0-32 L ar4de oo

S, 156 A

0.69 ;0.23 . .

1
L= 365 A I 2-X TR It
= 680 al: 6%»1Q51§;;;,‘“yhvgk¢@.ﬁhy,hwdnp _____
= 855 a0-92 70.13 .

Q100° _ .
o 0.69,.0.09 . ..
Q5007= 1,400 AT PP IO 02 e

where: -
Estimated discharge, in cfs, for the .. -
indicated recurrence interval, T

0
=
]

Sy m, ot S St by

- Tributary drainage area, in square miles ... -

EE
n

Watershed imperviousness, in percent

H
)

Reference: TVA (1986)

Trlbutary dralnage area ranged from 0. 1 to 5 square miles
and imperviousness values ranged from 3 to 50 percent.
bThe 50-year regression equation was developed by .
interpolation and the 500-year regression equation was
developed by extrapolation; as a result, the standard error
was not computed for these relationships.

gnR370/021c 4538
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Table -4-10 :
‘ TYPICAL -IMPERVIOUSNESS--FOR = . '
DEVELOPMENT .DENSITY IN HUNTSVILLE,: ALABAMA

3N s : Typical
P ) ‘ Imperv1ousness
Development Density Lt (%)

Single-Family Residentialh“'tl‘é%'dﬁi*?i 37
Muifi-Family Residential = e n 49, ¢
Light Industrial and Insti£u£iogei{' T ->32“],
Medium Industrial (Researcﬁ"éa:k)”‘p e *'SQQ

ﬁeavy Industrial and Commercial RN . .88 -

ﬂReference- TVA (1986) H*‘s;:ﬁ{;?wf: Lo
- 3Use actual development plan to estlmate 1mperv10usness when
available B R ILTIRE : AETT A e Deed g

T , o

! Ty
L i

. 1 . .

" . L S
' R s i
L . )
PEh A

gnR370/021d ' 4-54
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' ' Table 4 11 ‘
(“\ .. . .STREAM, REACHES WITH AVAILABLE
-~ . o : ot MODELED FLOW FREQUENCY DATA -

o P G . VRS

Pinhook Creek—-Exlstlng Channel Conditions . - '14.63-19.07;, - - 4-11.
Pinhook.Creek=--Proposed Channel Conditions’ ; 14.63-19.07. | 4-12
East Fork Pinhook Creek .« Ew L .0-1.68; 4-13
West Fork P:thook Creek RIS - 0-2.54, 4-14
Blue Spring Creek o S S 0-1.90., 4-15
Normal Branch. L Vit e © 0-3.28. - 4-16
Dallas Branch o - ' . 0-2.74, 4-17
Dallas Branch Bypass Y TR - 0=1.37- 4-18
Fagan Creek . e e - 0-3.16, 4-19 -
Dry Creek. =~ ‘ : e 0-2.60. 4-20
Broglan Branch-—Ex*stlng Channel T L
condltlons b NP 0-4.48 4-21
Eroglan’ Branch--Proposed Channel o iﬂi.f;‘ }j :
Conditions’ . e 0-4.48.  4-22
MeDonald. Creek ' ' ”" - 3.87-9.07 4=23
Trlbutary ‘£o McDonald Creek at Mile 6. 14 : , o-1. Ook 4-24
Shexwood ;Branch wm‘.'l 0-3.14, 4-25
' Tributary.to Sherwood Branch at Mile 1. 42:; . 0-0. Qu. . 4=26
; : Huntsvxlle Sprxng Branch—-Exlstlng Chanﬁel'f@ ‘ : o '
C:F ‘ Condlt;ons : A% ;5‘5 9.75-14.61@ - 4=27
Huntsville’ Sprlng Branch--Proposed Channel : o
Conditions , v e 9.75-14.63" i 4-28
Indian Creék f;. S0 12.80-17.52 4-29
- Aldridge’ Creek ‘ LT 0-12.12 . - 4-30
Rldridge Creek Tributaries. L L
Unnamed" 'Tributary at M;le 3.33 L 0-0.26 - 4-31
Mountain Gap at. Mile 4.62 o 0-0.92 - 4-31
Gourdneck -at Mile 3.44 | T 0-0.64 . 4-31
‘Camelot at Mile 4.63 = - - o © 0=0.62, 4-31
Sunset Cove at Mile 6.09 - 0-0.75 4~32
Esslinger Cove at Mile 7.33 : : 0-1.01 4-32
wWeatherly Cove at Mile 5.94 0~-0.70 -~ - 4=32:
Drake Cove at Mile 8,72 St e e 00l.36 o 4=32
Bailey Cove at Mile 9.23 S T T =101 433"
Toney Hollow at Mile 10.35 o . 0=0.61 4-33
Martin Hollow at Mile 9.87 : 0~-1.11 - | 4-33
Greenwycke Village at Mile 10.83 ‘ 0-0.86 4-33

" Reference: TVA (1986).

"Note: Stream mileages are shown on the drainageway maps.

| gnR370/021e ] 4~-55



HUNTSVILLE~SMM

, - Table'4-12 =
Ia.VALUES*FOR_RUNOFF?CURVEjNUMBERS
. oy Cesel bl T PN T R .
Curve N Ia Curve “_ Ié
Number- - (inches) Number . (inches)

40 3,000 . 70 0.857
L Lt 2,878 e Tongpe T e g g1y

43 2.651 73 T 00,740
447 2.545 74 7 % 0,703

ek 455 - . 2.444 75 0,667
o 46 e 2.348 76 S

47 - 2.255 77 - 0.597 ¢
48 - C 2,167 78 S 0,564
R 49 - 2.082 79 0.532
EEE -7/ B 2.000 . 80 . .0.500
51 - 1.922 Cgr T T T 0469
527 1.846 82 . 0.439
53 | . 1.774 ' g3 o 0.410

e 547 1.704 84 0.381

55 . 1.636 85 . . 0.353
56..;"-.‘~ 1.57]-&.. S 86 "= . o ,0.326

57 1.509 3 87 .. . .. .0.299 . 7
58+ 1.448° -0 880 T 002730 007
59 . 1.,3%0 v 89 T Fey247

60 - Tt 1.333 90 . 0.2227

61 . 1.279 = - g1 7 "t 0,198

Y - A 1.226 .92 0.174.
s 63" .77 1,175 93 : 0.151

64 < 1.125 %4 . 0.128. .
65 ' 1.077 . 95 © 0,105

s 66 1.030 96 . 7 0,083
r 67 - 0.985 97 L 0.062. .
S 68" 0.941 98 " Y 0.041)
e 69 - 0.899 Lo

Reference: ~ USDA, SCS, TR-55 (1986).

Lo
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HUNTSVILLE=-=SMM - . 1991 -

| Table 4-13
—_ SCS DIMENSIONLESS UNIT HYDROGRAPH
5 .. .. ... .. .RATIOS AND MASS DATA :

v7“fiﬁé”§$£i5é”%”ﬁf“? Dlscharge Ratlos w”mﬁ'§f.ﬁ - .
(tﬂtp) R . (q/q ) ‘Mass Curve Ratios

(Qa/Q)

o .

“ 100 006
- . R 190{ - - .012
. .310 - .035
. .470 .065
. . 660 107
. . 820 .163
. ,5.930, o .228
. 2990 . o e L300
. l 000 - s « 375 -
. .990 . 450
. .930 .522
. .860 .589
. <780 . 650
1. 680 .. . .700
<l R RN 1Y S L 751
~1% W S . 460 e T [ s -z:;g ‘0 . }

s s i .
VA B WWWWWR NN RN R b b e

L B I 2 T I T I ] 4 4 8 s & a

OVMOWOALENODARNOVOLIAVAWNHOVERIAUEWNKH

.000
. ..»030.

.390
.330
. 280
.207

e 14T LR L
s e 107 g e w T a

.077
.055
.040

- .029

.055
.000

ﬂgu,.ozl__;.ﬁ;,v
T 015 e
noll oo

Y

.000

.001

822;"
.849 *
-5

.909&

93¢ ¢

.953
967
.977
.984
.989
.993
.995
.997
.999
1.000

. "Reference: USDA, SCS, NEH-4 (1972). ..

Al
W L
i P
W RN
1y
figd -
L
T
e
-
¥,
B : -
?—\, ; )
C. TRy |
] . N L -
!l -
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HUNTSVILLE--SMM

.+ Table 4-14 S
BALANCED STORM : HYETOGRAPH AND‘CUMULATIVE S P
MAss CURVE‘COMPUTATION EXAMPLE 4 au ~

Rainfall Increm, Cumuléfive

85-v

Time,

Intensity, Balanced Rainfall .Rainfall
t i Depth . Depth Depth Depth Excess Hyetograph
{hours) (inches/hour) (inches) {inches) (inches) {inches) - {inches) (1nches)
0.00 9.50 0.00 0.00 0.00 0.00 - 0.00 0.00; "
" 0.08 8.15 0.65 0.65 0.01 0.01 '0.00 0.00, -
- 0.16 6.80 1.09 0.44 0.03 0.04 0.00 6.00 .
0.24 5.92 1,42 0.33 0.08 0.12 0.00 . 0.00°
0.32 5.25 1.68 0.26 0.09 0.20 0.00 £ 0.00- .
0.40 4,80 - 1.92 0.24 0.10 0.30 0.00 - 0.00° .
0.48 4.38 2.10 . 0.18 . D.11 _ 0.41 - 0.00 - _ . 0.00 .
0.56 4.04 S 2,260 00 016 ' _10¥_3;#zyfg;q:§1;;“__=ig;;o 007, i . 0.00
0.64 3.80 w2043 0 0T17 5 012 - .-Tloe3 0 S U 0000 7 J0 00000
0.72 3.57. 2.57 - 0.14 0.17 0.80 "0.00 . 0.00 )
0.80 3.36 ~2.69 0.12 0.18 0.98 0.02 =0,027 -
0.88 3.18 2.80 0.11 0.26 1.24 0.07 .0.05-
0.96 3,02 2.90 0.10 0.44 1.68 0.21 70.14
1.04 2,89 3.01 0.11 0.65 2.33 0.51 0.30
1.12 ©2.78 ‘ 3.1 0.11 0.33 2.66 0.70 0.19
1.20 2.68 3,22 0.10 0.24 2.90 0.85 0.15
1.28 2,59 3,32 0.10 0.16 3.06 0.95 0.10
1.36 2.51 3.4] 0.10 0.14 3.20 1.04 - 0.09
: 1.44 2.43. 3.50 .0.09 0.11 3 | 1.11 "0.07
. 1.52° 2.36° 3.59 0.09 0.11 3.42 1.18 - 0.07
1.60 2.29 3,66 : 0.8 i .. 0.10 3,52 1.25 -0.07
1.68 2.21 3,70 ;.. 0.05 - - 0.10 3,62 1.32 0.07.
1.76 2.13 . . 3.74 0.03 0.09 3.70 1.38 2 0.06
1.84 2,05 3.76 0.02 0.05 3.75 1.42 - 0.04
1,92 1.96 3.76 0.01 0.02 3.77 1.43 0.01
2.00 1.89 3.78 0,01 0.01 3.78 1.44 0.01
gnR370/021g

0O




v
4,

; EXAMPLE 4-8

" HYDROGRAPH COMPUTATION

Wi e R e

0

=+

. v
M o
[ -]

- "
L ™~
(]

:

L] T~
o~

*ﬂoummnhm‘ﬂvohwhmh
‘mQOOOQOOHﬂHNNMNHQ

Qccom—l—dﬂﬂmvmhmuaﬂ
OOOOOOQOOQOOOOQO

.O.OQMNFINMM'F\DQO\FQMM
QQQOOOOCQDQQQOOQ
“Ocnmhmmvvwmonowv
OOQOOOOOQOGﬁﬂHQQ

whoe e A s .

fcﬁd'ﬂd\ﬂﬂv"mﬁh@mmvh
voccﬂcﬂﬁﬁﬁﬂﬂmﬂ'mﬁc

onmmmmmmammmnmmmf

'QQQ-—c-—n—n—c-—!NNnmmm-ﬂO

ﬂﬂh‘lﬂﬂcmmﬁﬁ'ﬂﬁmmﬂ_.‘

H: ', .

dwmmhﬂa\ch\DOmo—lAO

ooﬂvqpmmdmhwéﬁoo
| v .

Oﬂmhw!‘-ml‘-\ndﬂoc

) PR ST e , e

A . cmmmﬂmwmhnho
'oﬂmncummwvncc

wwmhvvomm~hofq ;12 ;
o '“b-nnw-rmomvncs ’
Lt 5E oL P T S
mchmﬂvma\mhc m
owhmhva\mﬂco «@
” hﬁammvwmhc g I
ﬂ'-ONchmmwnco ‘ ‘ -
T oanomwmao ”f“”“”“f“ﬁ“ ’ ' ”
ﬁMNOhmMOQ ;
r~ - -vr-mm-nnoo _ : )
[ 7] [Y-]
. —o#mhnv-—uo ) P ©o-
P DY, N '..qgoma.mmo P e e e Fe T S
=% ~ -
. -olnﬂmlnv-io .
' .
=] :nr--ur o~
& o~ O\O b g
- ) .-.--cnm--uc -g‘
bt i s I s e B .
[+ Nl . =
e ~mmemo ..b.aq
) L]
n - N O A o - -
"~ - . el e WL e "
Al T
. ]
' '
- -] o no vt I~
m - . & =1
[= =] 2
. ™
< n ~N O Q [~}
— . . [N
(= = F=]
=
o -] Q [=] n
ey
3 g
o Q QU SN [Te ' -~
ME WU Q0N NDPORVIORO P AL et ot U D N =
(= o8 2 EWwlL OCQOmMMNmmem-O0000 [~ R =%~} (-1 =]
s B Y ~ e - I o =T ¥ B T L I N O N R R R R N N T - o0 ['H] ™~
el D MR OO0 000000000000 O D~ g ™
TR T ks 0 < &
S ha G, B AR e x . L T I T S

S g S

- et e

e e e e kil

¢
t




HUNTSVILLE-STORMWATER MANAGEMENT MANUAL

RAINFALL INTENSITY (inches/hour)

10

¥ L
. " Rainfall Depth (inches)
5 Min_ 10 Min 15 Min 30Min B0Min  2Hr  SHr  BHr  12pMr 24 Mr

‘ c2Yesr 048, 078 -0.96.- 133 1.7 210 229 2.74 127 378
5 Year 0.55 Q.89 113 1,62 2.13 2.50 283 34 4.08 478

"{ 10Year . 061 . 099 _128 183 242 280 220 334 485 S48 |7
125 Year T 089 1947 148 7213 284 332 371 453 532 62
| sovear v 076 128 180 U237 3T 387 405 485 591 682
100Year - 083 137 1,75 281 350 413 448 543 850 747

Lo Raintall Intensity (inches/hour) )
L SMFn 10M|rr 16 Min~30 Min_ 80 Min  2HF  3Hr  SHr  12Hr 24 Mri |

2 Yeur 572 458 384 268 17T 105 078 048 027 0.8
- S¥Yesr | 68827 'S035 ‘453 U324 273 125 0984 - 057 034 020
-10Year 730’ . 565, -505 366 242 145 107 086 079 023
25Yesr | 831 683 581 427 28B4 166 124 076 044 026
50Yesr | 9.4 752 ‘641 . 474 217  tB4. 135 083 043 028

N 100Yesr ~ " 994 821 7007 ‘S22 350 207 149 091 OS54 031 |-

S 10

15 30 e s 60
| 'DURATION (minutes)-. ' |

O

FlGURE 4-1
Intensuty- uratton-Frequency, Curves and
Depth Duratnon-Frequency Data for Huntsville
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i § HUNTSVILLE-STORMWATEFI MANAGEMENT MANUAL

0o . 3 6 - .9 12 15 . 18 21 24
: A TIME {hours) , _

Reference: USDA, SCS, NEH-4 ( 1972}.

% v
g 0 3 SR .9 12 LT 18 - 24
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o : L~ W 00 0.000
N . £ : /] 05 - ooos . __| i
. 08 1.0 oon .
I : = T 4 15 o017
N . . / . 20 0.022 1
e ' $

‘ . S N : Type ll/ 3:3 oo ’
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: = 60 0080 . .
- o 70 5%
e ' % 06 Z. 15 o.110 :
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: w T B 120 0.735
o I I 04 © 130 oz — , i
= X 130 0799 : :
3 B Z ' 1.0 0.820 : :
= I uo - 0835 —] .
s - é ‘ 150 0850

| B | g i
03 - . SR T B Y R e ‘ 160 0,589

. z 7 2 . 110 0.898 <

‘ : 170 0907 — :

: : 4 180 0918 ,

: A - A

: . 19 . -~ -

02 o P : 190 0843 -

_ . o -} : e - 200 0852 - :
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320 0976 5
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i
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ey

... {2) = Second Largest Depth Increment

) = = Largest Depth Increment
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Balanced Storm Approach for Developmg a Des:gn Stgrm Hyetograph

FIGURE 4-3
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Average \&elocmes for Estimating Travel Time
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FIGURE 4-6

o Refmca\ m (m " Graphlcal Solution to the 2-Year Return Frequency

Peak Dlschargé F!egress:on Equatlon
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Graph:cal Solution to the 10-Year, Return Frequency.
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Graphncal Solution to the 50-Year Return Frequency,
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FIGURE 4-9
Graphlcal Solution to the 100-Year Return Frequency
- Peak Discharge Regressnon Equatlon
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Graphncai Solutlon to the 500-Year Return Frequency;

Peak D|scharge Regression Equatlon
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HUNTSVILLE-STORMWATER MANAGEMENT MANUAL

T
[ E I CRE Lo O I e T

PR

NOTES 1. For stream mile O 00-! 8.

2. Peak discharge reductions shown thfough
some stream reaches reflect hydrograph .
attenuation from flood plain and/or channel
storage o g

... Reference: TVA(1988). . . ... ... ... ... ..
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ol o Rl :

0.0 ‘05 1.0 N

o | STREAM MILE . |

_FIGURE 4-13

ﬁ Flow Frequency Estlmates for East Fork Plﬂhgﬂ{( Creek
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: NOTES For stream mile 0.00-3.28. ‘

. . ) : ; . © 2 Peak discharge reductions shown lhrough ;

H o .--——‘I .. S - : _ some stream reaches reflect hydrograph ér;

et e """, 1 3 : - . aftenuation from ﬂood plain and/or channel
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<:> . A healthyfvegetatrve llnlng can stablllze the body ofathe
o channel, ;consolidate. ‘the soil mass of the bed,..check. erosion

.. HUNTSVILLE-~SMM . , e 100y

Chapter 5

(. ... . .OPEN CHANNEL HYDRAULICS Ce e

Opeh‘channel 11n1ngs are leldEd 1nto the follow1ng four
.main- classrfrcatlons- AL T

Lo Le Vegetatlve (grass W1th mulch: andisod).

- PR - v Y Gt
EFRE Dy e NI x St el

t“’ KR

MWZEM Flex1b1e (rock rlprap and geotextile or. lnterlock-
.o ez Ang.concrete: grlds) RS N S G

f_a,;.,ngid (concrete or. grouted rlprap) u;ruftmﬁ*»n

i

Gonziagi N peds L SO ARETEN N Ta o o S
4, Temporary (synthet;c or., natural materlals to..
protect soil ‘until permanent stablllzatlon is
establlshed) : : R

5.1.1 ,VEGETATIVE e

L..on . the channel surface, and control ;the .movement of 5011
Hpart:.cles along the. channel bottom.» Conditions: under ‘which
.a, vegetatlve -1ining ;may.not :be acceptable, however,slnclude
-“wbut are.not llmltedqto.ﬂhﬁ,“ﬂ:ww¢~;4 e

1. Flow conditions in excess of the velocity
limitations presented in Sectlcn 5.2.2.
2f§QﬂStandingporﬁcontinuous»ilowingﬁyaterr‘pf g
. uugiack.ef,theyregularimeinteﬁancexnecessarxgtoys»
prevent domination: by tallex.vegetation..:.
4. Lack of nutrients and inadequate topsoil
5. Excessive shade |
Proper seeding, mulching, and soil preﬁeraticﬂherewrecuired.'
‘ ] dur;ng constructlon .£0, assure establishment.of a healthy:
(‘j - growth of grass.' 5011 testlng should be performed ang. the
2 gnR370/008 - c.1 5=1
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results evaluated by an agronomist to determlne soil treat-
ment requirements. for parameters such as pH, nltrogen,

-phosphorus, potassium, and other factors (see Table 10-1).

In many cases, temporary erosion control measures are
required to provide time for the seeding to establish a

'viable vegetative lining.(see Chapter 10). . Sodding should

be staggered, to avoid seams in the direction of flow.

I PSR L e e e : o i e N et

 5.1.2 FLEXIBLE

/Flexible linings«areﬁusuallyclessﬁexpensivewthan rigid

linings and have self-healing qualities that reduce main-

. tenance. .. Rock:riprap including rubble is--the most common

type of flexible lining. It presents-a roughisurface that

‘can dissipate energy and mitigate increases in erosive
velocities. The use of flexible lining may:-‘be'restricted

where right-of-way is limited, because the hlgher roughness
values create larger cross sectlons. B _

Rigid linings are generally constructed inplaces with--

limited rlght—of-way, where a smooth lining offers a nigher
capacity-for-a-’ gluen ‘cross-sectional area. *ngher veloc1—-

. .ties, -however, create- the: ‘potential for" scour‘at channel

lining-transitions..* A- rlgld :1ining ‘can‘be destroved by flow

“undercutting the- lznlng, ‘channel: headcuttlng, ‘or: the ‘buildup
siof "hydrostatic. pressure- ‘behind the rigid: ‘surfaces." “Filter
.fabric is requlred to prevent soil "loss - through' pavement" cracks.

5.1.4 TEMPORARY

TaaL

Synthetzc (e e PR geotextlle) or natural (e.g., straw mulch)
materials are required  to protect-exposed soil-until
permanent stabilization is established. The layout for
temporary.runoff control measures showld be consistent with
the layout of" .permanent facilities.” el

5.2 DESIGN CRITERIA

A FUETI

5.2. 1 RETURN PERIOD

T _'. u,’ ! R Laln

_The.. deszgn stormxreturn perlod for open channel systems f

shall: be 25" years.r).f‘J

.gnR370/008 T 5=2
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'.5,2.2\ VELOCITY LIMITATIONS

Sediment transport. requirements must be considered for

conditions of flow below the .design frequency. A low flow

channel component within a larger channel can reduce

.‘maintenance by 1mprov1ng sedlment transport “in..the channel.

o .,: "I"', N ek

‘(".{\4 [
vl TR AN -

The rlnal de51gn of artrtlc1al ‘open channels should be
consistent with the velocity limitations for the selected
channel lining. .. Maximum -velocity valuesfor selected lining

categories are presented in Table: 5-1...Seeding and mulch

should only be used when the design value does not exceed
the allowable wvalue for:bare "soili.- . Velocity- llmltatlons for
vegetative linings are reported :in- Table 5=-2. Vegetative

'lining calculations are presented in Section 5. 3 5 and rlp-
"mrap procedures are presented in. Sectlon 5 3 6 -

AT T o

~wu5 2. 3 MANNING'S n- VALUES S

Recommended Mannlng s n values fcr art1f1c1al channels w1th

‘rigid, unllned, temporary, and riprap. llnlngs are presented
~in Table 5-3, Recommended values for vegetative llnlngs
;should.be .determined using: Figure: 5=1,.which. provides..a =
graphical relationship between: Manning's .n.values..and the

" product of. velocity and hydraulic radius.for several. vege-

tative retardance classifications:- {see. Table 5-4).
Figure 5-1 is used iteratively as descrlbed in

«.Section 5.3. 5.

For natural stream channels, . Manning's n value should be
estimated using Cowan's Equatlon (Cowan, 1956) as presented B
belowo Sl e .

'n = (n_ +.n. +‘n5¢f‘n‘z+ anmsfv;‘ 0 (5-1)

where:

Manning's: roughness coef flc1ent for a natural.
or. excavated channel B RIS

o
]

n_ = Coeff1c1ent assoc1ated wrth channel llnlng
. materlal SICTE

- gnR370/008 - © . 8=3
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11 Coeff1c1ent -agsociated w1th the degree of
.-channel 1rregular1ty C ~ :
Coefflcient;assoc1ated-thh‘variationsncfmthe

channel cross section :

e
]

n. = Coefficient assoc1ated w1th the relatlve

3
il ;effect of.- channel obstructlons
. ,h“h,mﬂhﬁf=ﬁCoefflc1ent assoc;ated w1th channel
Lt e e wgvegetatlon o : S
. (| ;=aCoeff1c1ent assoc;ated with. the degree of

*channel meanderlng

Coeff1c1ents for Equatlon 5~ l can: be determlned uszng lnfor-'
mation in Table 5-5. Additional 1nformat10n is presented in
PHWA-TS-§4-204 (USDOT, FHWA, 1984}, including procedures. /for
determlnlng Mannlng s n values for flood plalns.

R Lol B . R Ve

5 244 SIDE SLOPES

Max;mum open channel 51de slopes shall not be steeper than
~ the following. values, unless. slope.stability, calculatlons,
approved by:the Engineer of Public Works, 1nd1cate that
steeper slopes are stable. esnme o e L

Lining Material ~ Maximum Side ‘Slope
o Concrete, Grouted Riprap -
- Ungrouted Riprap, -Rock.Lined,

.8olid Sod in Non-Residential
Subdivision _
Vegetative in Non~Residential Subdivision
D . Vegetative in Residential Subd1v1sion, o
' Includes Solid Sod

s W oo
[P e

5.2.5 RIPRAP LINING

Guldellnes for spec1fy1ng rlprap gradatlon, thlckness, and
filter material are as follows: .

1. ~Gradation: The size distribution dufve should be
smooth; the following range of particle sizes is
acceptable: '

gnR370/008 - 5=y
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- wherew

gnR3?07008

where:

E eI

D ) e . D s - Loy -
100 or 50 ‘
3-—— ‘B_* £ 3.0 and > 1.5

850 .. - 20 -

SIS é’lUO% of the materlal ‘is smaller
ﬁthan thls sxze . ‘

# 30% of the material is smaller than
“ this' ' size, or mean particle size

‘D ='20% of the material is smaller than
_ thlS 512e .

VAT c -

:*"*" Thickness: The thlckness of rlprap llnlng shall

be greater than or equal to the diameter’ of 'the
largest rock in the gradation, or 1.5 times the

. mean rock diameter, whlchever 1s greater."

T Filter materlal Ellter materlal underlylng rock-
riprap can’ be “either a’ granular ‘filter layer or a
geotextile fabric. Major concerns _include soil
retention, water permeablllty, and clogglng. -In
general, the permeablllty of" the fllter material

- should be greater than the permeablllty of the
native 5011

Lig

'5.3" UNIFORM FLOW CALCULATIONS

Manming's Equatlon, presented in three’ forms below_ is"
recommended for evaluating unlform flow condltlons in .open .
channels:

2/3 1/2

Vo= R™ S (5-2)
. ” . ';,n remo v e T U R S .
Q= 1.::9).“:‘:,# R2/3 S1/2 - ey,
= ax 2/3 - ooz e 5=4)
\i.49.aR%/3) L T |
whd & I ” ., _A.J}r: % ...:.‘.‘\ [ i T PR ‘
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;can be assumed to be the same.

”5;3?15'GEOMETRIC‘RELATIONSHIPS.“::a”

199t

0
0

Discharge rate for design conditions, -.. ...

n = Manning's roughness’ coefficient (see
- Section 5.2.3)

’A;=.Ctesseseetione;ierea, igﬁsguere'feet'

R = Hydfaulic“fsdidsA/P,:ih feet

.= fetked perineter, in seet

;S ?Ls;opgﬁo?éﬁh?:eqefgx"grsdelline, in feet/foet

For prismatic channels, in the absence of backwater condi-
tions, .the slope of the energy grade llne end channel bottom

e e p o

it

.sfMathematlcal expre551ons are presented ln Flgure 5 2 for
“fcalculatlng the follow;ng parameters.

L TP

1l ares
2.7 'Wetted, perlmete'_jw‘ﬁ :
””3;'QZHydrau11c radius :" o

4. ' Channel top width
5. Crltlcal depth section factcr

The selected CIoss. sectlons 1nclude the follow;ng types:

o l,nw Irapezoldal
'f}2.lf‘Rectangular'”
T 3. ?Ewlangular'
4. Parabolic

5. Circular

Irregulaf channel cross sections (i.e., those with a narrow
.. deep main channel ‘and ‘a wide shallow, overbank channel) must
be subdivided into segments so that the flow can be computed

separately for the main. channel and overbank pertions. This

' .same process of subd1v1510n may 'be 'used-when different parts

of the channel cross sectlon ‘have 'different roughness

- coefficients. When computing the hydraulic radius of.the
"subsections, the water depth common;to.the two adjacent

gnR370/008 ' ., 5=6
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.tlon of Mannlng s Equatlon as follows.

where:

- HUNTSVILLE-~SMM \ R 1]

- subsections is not: counted as wetted perlmeter (U S.

Geologlcal Survey4 '1976a,b). R L S
' 5.3.2° DIRECT’SOLUTIONS >

‘When the hydraullc rad;us,,cross sectlonal area,’ slope, and
ifroughness coeftic1ent of an open channel are known . '

De51gn ‘aids“ for’the direct solution of‘Mannlng s Equatloﬁ

.;z-.w

are presented ln the form of tables, charts,“and nomogrdphs.

channel roughness, can be used to“simplify the dlrect solu-

-s‘.‘

“k.q'.g‘f P

-;v,‘s;?cgégl)?ﬂ'”~-o univax; f:"ifv‘:qufG)

P T T R i SE L e s FaT i Y

X ‘Aa_.. Cross—sectional al‘ea r ‘
';.‘S‘L: e ' ,l;...; hat S TR l”"“ P, .,IJ.A -
RS T Hydraulic radlus, AfP Min feet o
. : o L o BRI “"'“‘.:f" “ N e W i [ =R T

Wetted perimeter, in feet

g,
]

"'?H*”‘ ~—‘Slope ‘of" the energy grade llne, ‘in feet/foot

ST A Ly, g RS en-‘f‘rf"‘,&,..n bhae L T00 0 L

Tebles'

"Tables of- C Values ‘are’ pfov1ded “for’ concrete plpe with the

£

m-' y.~ ka0

following cross sections:

7¢irbulaf‘*5“”“¢fabfé 556““““ e
“UETHpEical’t fraBle s-7

Arch . Table 5

Precaet Box Table 5-

o b e 07T PN PR

onR370[008
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Using the C. value. obtalned from the. approprlate tauvie, | tue:‘
capacity or slope can be obtalned dlrectly by solving '
Egquation 5- or S 6.

Charts
. Full flow capac;ty charts for the follow;ng plpe shapes and

roughness coeff1c;ents are dupllcated from the Amerlcan
Concrete Plpe Assoc1atlon (1980} as. the flgures llstec.;c

AT T

“NRgeh,"h"= 0.011, Figure 5-3

. _;%Arch n.= 0.012,. Flgure S5=4.
. Arch,.n = 0. 013i Figure 5-5 _;' , .
Box, n = 0.012, sizes 3'x 2' to_ B'x 8', Flgure 5-6"
Box, n = 0. 01~,lszzes 9'x 5' to 12'x 12', Figure 5~ 7
Box, n = 0,013, sizes 3'x. 2' to 8'x 8', Figure 5-8
Box, n = 0.013, sizes 9'x 5' to 12'x 12', Figure 5-9

_inThese charts provide a direct graphical solution for the
“ capacity solution to Manning's Equation (Egquation 5-3): when
all but one variable in the equation are known.

L
e e

Nomoéréphe

Dlrect solutions to Manning's Equatlon can “be obtalned using
the nomographs presented in Figures 5-10 and 5-11. Part A
of Figure 5-10. prov;des a. general solutlon\for the velocity
form of Mannlng s Equatlon (Equation 5- -2}, whlle Part B
provides capacity and velocity, solutlons for. circular pipe.
Figure 5-11 prov1des a nomograph ‘solution for trapezoidal

. channels. T S P
General. The. followlng steps are used for the .general
‘solution’ nomograph in Part A of Flgure 5-10:

1. Determine open channel data, including slope in
;,feet/foot, hzdraullc radlus in. feet, and; Mannlng s
“nvalue. - . S

2. Connect a llne between the Manning's n scale and

slope scale and note the polnt of. 1ntersect10n on
© the turnzng line. . =

3. Connect a line from the hydraullc radlue to the
point of intersection obtained in Step 2.

4

gnR370/008 = - -, 5-8
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4. . Extend .the line from Step 3 to. the velocxty scale
to obtaln the veloc1ty in feet/second '
. . ‘ et L * 4 ,‘,;f’f’i‘--’
- Circular. The follow;ng steps are used for the C1rcular‘
plpe nomograph in Part B. of Flgure 5=10: :

Sk, .-,; x;-_.g..a-‘; Lo

jDetermlne 1nput,data, lncludlng slope in feet/
foot Mannlng 5.0 value, and.pipe diameter in
1nches or feet
E ;-»i” ; S PR ’ ! i W ‘*v -‘V\ ’
2. ,}Connect a llne from the slope scale, Point 1, to
o the Mannlng s.n scale, Point.2, and note the point
of 1ntersectlon on the turnlng llne, Polnt 3.
. ' ‘ . ekt :
[QB;M; Connect a 11ne from the pipe. dlameter, Point 5, to
' the point,of intersection, obtained in Step 2,
P01nt 3.
ﬁhélj, Extenddthe llne from Step 3 to the dlscharge and
velocity scales to read the discharge at Point 4
and the veloc1ty¢at Poxnt 6. i e e v

..Trapezoidal. . The trapezoxdal channel nomograph; solution:to
. Manning!s Equation in Figure 5-11.can-be:used- to find.the
. depth of flow i1£, the .design, dlscharge is known or the.de51gn
w.dlscharge if -the. depth offlow.is: known._cﬁ G LT i

1. Determlne 1nput data, 1nclud1ng slope in feet/foot,
Manning's n-value, bottom width in feet, and side '

slope in feet/foot.

2. a. ‘Given the design discharge, find the product

of .Q times n, connect a line from the ‘slope

- scale to the Qn scale, and find the point of
infersection on the” turnlng ‘line. -

b.i‘“Conneot”a*line”from“the*tufhing“point from
' Step 2a to the b scale and find the inter-
section with the 'z ‘='0'scale.

c. ~“PEOjEC%”hOrifoﬂtallf”fféh”the:pdint located
. . in Step 2b to the approprlate k: value and
S “”fiﬁd‘the value' of d/b.”

' gnR370/008 : 59
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‘d,.nlMultlplY the .value of ‘d/b obtained 1in Step 2c
" by 'the ‘bottom width b to find ‘the depth of
uniform flow, d.

3. a. Given the depth ‘of flow, find{the ratio“d-

' divided by b and project a horlzontal line

. .+ . from.the d/b:-ratio‘ati the’ approPrlate side
_ﬂmgyat.slope,,z, to' the zj‘ 0 scale. 5

b, Connect a line from. the pomnt located in _
. Lowaw ol Stepe3a to the b’ scale and - flnd the inter-
Sy e wﬁ}b’wTrsectlon w1th the turnlng llne.

c.  Connect a 11ne from the poxnt located in
"f’:”Step 3b to the slope scale ‘and £ind- the
v .wintersectiontwith the Qn scale., -

d. Divide the value of Qn obtained in Steé 3¢ by
'\gxqi.a the n value to flnd the deSLgn dlscharge, Q.

"“.'; LR Tl e T

5.3.3 TRIAL AND ERROR SOLUTIONS' Rl

“A-trials -and: .error: procedure for- solv1ng Mannlng s Equatlonl_
is:used’ to:’compute the: nérmal- ‘depth of ‘Flow" inta” unlform

~n~channel whenthe channelashape,.slope, roughness. and deslgn
discharge are known.  ‘For purposés of-thetrial and-error

- process, Manning's Equation can be arranged as:

e T A - (5-8)

A= Cross-sectional area, in square feet

. R = Hydraulic.radius (A/P),. in feet

¥ — S S
"P'é”Wettedﬁpe:imeter,ﬁ;n ??%t:n
\,”Qrleischarge«rate for,design‘conditions, in cfs

iyl

'W”n'E"Mannlng s roughness coeff1c1ent (see
Section '5.2.3)

gnR370/008"  5-10
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. are’ descrlbed below.

1991

S = Slope of the energy grade llne, 1n fe_-,._,h
“To:--determine the normal depth of flow 1n a channel by the
Ctrialiandd error ‘process, ‘trial" values of depth are used to
determine A, P, ang/§ for the-given- ‘channel” ‘cross section. .
Trial values of AR are computed until’ the equallty of
Equatlon '5-8-'is" Satlsfled such that the de51gn flow is con-

veyed w1th1n the banks of the desiredfchannellcross section.

Graphical procedures for simplifying'ffiél:ahdwerror

solutlons are presented in Flgures 5 1z through 5=~ 15 which

IS ] AR

Trapezoidal Channels

For trapezoidal channels, Figure 5-12 can be used to mak :
“icapaecity” calculations aS follows.'f o - ‘

PV

1. Determlne 1nput data, 1nclud1ng des;gn discharge,

BRI + Mannlng s 0 value;” channel bottom width, b,

Jchannel slopé;"s, and channel 51de slope, z.

2. Calculate the trapezo;dal conveyance, factor using

"“ .the equation: " ?"I"; o ;;,*-Mj'm T
K= N VA Y] ; {5~9) .
't = 7873 S172 .
where: IR
%gf*= Trapezo;dal ‘open channel conxeyance.

' factor

= Dlscharge rate for design
"“conditions, in‘cfs

fci
an

- 'Manning's roughness coefficient
_ [§ee §egtion 5.2.3)

3,
n’

b= Bottom w1dth, in feet

s = Slope of the energy graae llne, in
feet/foot -

 gnR370/008 5-11
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uEnter:the x-exis'dvaiéﬁreHS‘12MQith the value of

- K,, calculated-in Step 2 and draw a line .vertically

' value from Step 1. .

Circular P

to the curve that correspond= to the approprlate z

PR

domip Iy Lo Rl

f@From the p01nt of lntersectlon obtalned 1n Step 3,
*'“draw a horlzontal llne to the y-ax1$ and read the
" value of ‘the normal depth of flow over the bottom
- w1dth d/b.ﬁ o

LN SRS PN

" Multiply the @b value from st Pl4 by b to, °btaln

the normal depth of flow.

ipe

For partla
for capaci

( 1.
“§

1 flow in a c1rcular plpe,,ELgure 4-13 can be used
ty calculations as follows:

Determlne 1nput data,“lncludlng de51gn dlscharge,

"Q, Mannlng s n value, plpe dlameter, ‘D, and

' “channel slope, s.

”"Calculate the dircular plpe conveyance factor

‘using the equation:

gnR370/008

_ ___¢&n e
. -KP°Tf7bB/3'51/2 {5 1q)

where:

.. K .= Circular pipe open:channel
“‘cenVeyanceractor

. Q;ehnlscharge rate for design
qfcondltlons, in cfs

-
(1}

JMeﬂpipgjshrpughness coefficient
D = Pipe diameter, in feet

“s”e“slope of the energy glade line, in
.feet/foot
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.LEnter the x-axis of Figure 5-13 w1th the. value: ot
. kK calculated ‘in.Step.2 and: draw:a llne vertlcally
‘l;t the curve.ttgeqhi‘qh_;ng Wi ' :

o LA FEEI [RTE S P PO R V)

'N%EFrom the polnt -of 1ntersect10n obtalned 1antep 3,

draw a horizontal . line: to the.y—-axis: and:read:a
value of the normal depth of flow over the pipe
diameter, 4d7D. ' ~

Multiply‘the d?n'ralue.from,Step‘4‘by the pipe'
diameter, D, to obtain the normal depth ofmﬁlow.

An alternatlve procedure . for evaluatlng partlal flow at any
depth in circular pipe is to. ‘adjust the full plpe capacity
.using Figure S5-14d.. . ... v om0 .

;.,P.iee Arth

" The capacrty of plpe .arch _.at any, ‘depth can .be estimated
‘using Figure ,5-15 to,adjust.the  full pipe. ‘capacity.- Full
pipe capacity for pipe arch can be estlmated using data 1n
Table 5-8, or.capacity:charts.in. Flgures S5=3, 5-4, or 5-5.

et
o

CRITICAL FLOW CALCULATIONS

L . -t ! <y

: o . . : Pt ' .
o “»J R n-'*,; . _‘3:,; WALty ."‘ . .47‘3... 10«{...;_‘

ol 5.3;"4‘"

Ll el e

A de51gn flow at or ‘near - crltlcal depth {+1O percent) should
be avoided, because such flow conditions are not stable.

-« The .general equation. for .determining crltlcal -depthis
expressed LBSE 5 e e s AP

where: - °

H ; ' D
[}

g

E

v T "’2.’1,._‘ 3; Testr T T e '
s “;-_.-'T."-“;‘»",'.- g—-'—" %— fe T e o (5-11)

='Dischargé rate ‘for design ‘conditions, “in cfs

. ER

Accéleraticﬁ“ﬂhé“to‘éraﬁity:“EZUZ feet/second?

= Cross-sectlonal area, in square feet
B Wt .-.‘3%‘ TR R e T LI

T = Top width of water surface,'in7feét7““'"*“”

- It is important to note?thammcriticalndebth dependefonly on

L
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‘ procedure is required.to solve Equation 5-11.° Equations (as

" : presented.in Table 5-10) or section factors- (as presented in

Figure 5-2) can be used to simplify trial and errcr critical
depth calculations. The following eguation from Chow (1959)
. is used to determine-critical depth u51ng an- approprlate

' crltlcal flow ‘section factor, z-~%' T RAE
= 0/Yg o (5-12)
Where. I .-;}:}' s
Z =

}Cr}ticelvflOWﬁeeétiQh*fectd; (see Teblefﬁ-jO)

o -
i

Discharge rate for ‘designconditions, in' cfs

g Acceleration_due to grevity,‘32.2_feetésec6nd3
‘The;following ‘guidelines are presented for evaluatlng
crltlcal flow condltlons of open channel flow :

1. If the velocxty~head ls‘less than one-half the

' mean depth of flow, the flow is subcrltlcal._

PR TN SR SELED

2. If the ve1001ty head 1s‘equal to one-half the mean

.TvLJu"fmﬁdeepth of flow, the flow ds- crltlcal.u" fﬂ‘fmﬂv"

. F T T Y N

ta3.amng the veloclty head is’ greater}thanfcheehalf‘thef

mean depth of flow, the flow is supercritical.:

4. . -A normal depth.of uniform flow within about
10 percent of crltlcal depth is unstable and
should be avoided in de51gn, if possible. - - .-

ﬁﬂS,tw#If an. unstable crltlcal depth cannot be avoided in
"design, the least favorable type of flow should be
-‘assumed“for the. des;gn.; CoLr

The Froude number, Fr, calculated by, the ﬁollowlng equation,

is useful for evaluatlng "the type of flow conditions in an
open channel.fm . . .

‘.Frw='vligA}T)0'§”"”" ﬁf‘"*i“”'~%5¥13)

forre. k

gnR370/008 - - +'5=14
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where:. ... ». -~

(:: B Fr = Froude number,-dimensionless-

vt Ch

e e yfgﬁveloCLty of flow, 1n feet/second

”'g7=#Acceleratlon“&uemtofgrav1ty, 32 2 feet/
second?

. . - . . e
R - N L .‘..'-“ W R

A ='Cross-sectlonal area of flow, in square feet

T Top Wldth of flow, in feet

If Fr is greater than 1.0, flow is supercrltlcal, if it is
-less than 1.0, flow:is subcritical.” 'Fr is 1 0 for critical
flow condltlons. '

5 3. 5 - VEGETATIVE DESIGN

A two-part procedure, ‘adapted from ‘Chow (1959) and presented
below, is recommended for final de51gn of temporary and
Vegetatlve channel’ llnlngs.‘ ‘Part-1°, ‘the ‘design stability

| component, involves determing channel dimensions for low

X (:}_ vegetatlve retardance conditions, using Class D as defined

| in _Table 5-4. Part 2, the design capacity component, |

, lnvolves determlnlng ‘the depth increase necessary to main-

tain capacity for higher vegetative retardance condltxons,
us;ng Class C as defined in Table 5-4. ITf temporary lining’
is to be used during constructlon, vegetatlve retardance
Class''E should 'be used for” de51qn stabllzty calculations.

‘ Temple“ét al, - (19871"present an"alternative procedure for .
deszgnlng grass-lined channels ‘that is acceptable but not
: dupllcated in the manual

>

------ );.-", 4

If the channel slope exceeds(lolpercent; or a combination of
-channel Yinings will be used, ‘additional procedures not

presented below are required. References include HEC-lS
(USDOT FHWA, 1986) and HEC—14 (USDOT‘ FHWA“JI983)

ot
-».r,,é.t - RGN S -.A\. - ,-,

‘De51gn Stablllty

L PR -, . it e el

‘1.7 Detérmine appropriate design variables, including
o ' discharge, Q, bottom slope, S, cross sectlon '
(Z? : o parameters, and vegetation typeL

gnR370/008" 815
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2. 7-Use Table 5-2 to assign. a maximum velocit,.;.ﬁ,'

based on vegetation type and slope range.
;;:;"_‘:',_,: PO A i BT A . )

3. Assume a value of n and determine the. correspond-
lng value of. VR from the.n versus vR curves in
.Flgure 5- 1. Use retardance Class D for permanent

lvegetatzon and E, for temporary construction.

e

4. calculate the hydraulic radius using the equation:

R = YR | (5-14)

where:

w,
n‘

'ﬂHy&raulic;radiuS'ef“flew;,ln feet
Value obtained from Flgure 5 1 in
Step 2 P o

<
o
[}

B L S

Maxlmum velocrty from Step 2.
‘Yfﬁs{;; Use the follow1nq form of Mannlng s Equatzon to
o alculate_the value of NR: . o ” :

| 1.49 R5/3‘51£%ﬁ bt (5 8)
i B e
Vi e | , .
" : qgféLcaleulateépualueﬁpf;vﬁiproduet?T
- LoRe= Hydraullc radlus value from. Step 4,
i e ;',Maln feet e : .
S = Channel bottem‘SIepe; ln feet/foot
ﬂ;[f_“ ‘ [ﬁQg Mannrng s.n value assumed in Step 3
Wé;‘:;:ompare the VR product value obtalned An. Step 5 to
“the value obtained from Figure 5-1 for the assumed
n value in Step 3. If the values are not reason-
ably close, return to Step 3 and” repeat ‘the ¢dlcu-
" glatlons usrng a new assumed n value. '
gnR370/008 o  5-16
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© Use' the f1na1 Mannlng s n- value ‘from Step 6 to

tselect- channel dlmenSLOns that grve ‘a hydraulic
radius close to the final valtefrom Step 6. For
trapezoidal channels, the flow depth can be '
estimated us;ng Eigures 5«1l or 5-12. The depth
of flow for other channel shapes can be evaluated
using the trial and error procedure in '
Section 5.3.3. IR

o IE bends- are’ conszdered calculate the length of
- down'stream- protectlon, L, for the bend using

Flgure 5-16. Provide additional protection, such

" ‘as’gravel-or rlprap in the bend and extendlng

downstream fcr length Lp;

1 . oo

Design Capacity-

-Assume a depth~6f‘floh’greater'than the value from.

Step 7 above“and’compute the waterway area and

_ hydraulic raaius lsee Flgure 5-2" for equatlons)

Ll

ﬂDlVlde the de519n flow rate, obtalned using
~ appropriate procedures” from‘Chapter 2, by the

waterway area from Step 1 to flnd thejvelocmty.
w,w a -;(fw | .

e g e

‘Multiply the velocrty from Step g by the hydraullc
“'rfradlus from Step 1 to flnd“the value of vR.

Calle .:,‘-‘.«u e

- Use- Flgure 5-1 to- find a Mannlng s n value for re=-
" "tardance‘Class C’ based on the vR*value from Step 3.

.Use Mannlng s Equatlon (Equatlon 5=2) or

‘A.wFlgure 5-10"to“find- the’ Veloc1ty using the
'hydraullc radlus from Step 1,‘Mann1ng s n value

from- Step ‘4, and approprlate ‘bottom’ slope.;
Compare the'velocity ‘values ‘from ‘Steps 2 and 5.
If the values are not reasonably close, return to

Step 1 and repeat ‘the’ calculatlons.”

Add an appropriate freeboarﬁlto‘tﬁe'final'depth

- from Step 6. Generally, 20 percent is adequate.
T Y I R e S P - S KR! AN S

gnR370/008
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8},. If bends. are considered, calculate Supererevatruu

. of the water surface proflle ‘at the bend using the (:)
,A'equatlon.h : G e . , | _
Vet LT .o < - .
| ‘ | i o Yo (5-16)
) ST 9R

L= Superelevatlon of .the water surface
f\prof;le due to. the .bend, in feet

tﬂ;ﬁf%%Average veloc;ty from Step 6, in
”'wu‘feet/second

T = Top width of flow, in feet- ...

- ;ﬁAcceleratlon due to .gravity, 32.2

“fﬁfeet/second’—
'“Ré”e Mean radius of*tﬁembend in feet

*533;%ﬂ'hIPRAP SESIGN

The follow;ng procedure is based on results and analy51s of
laboratory and field data (Maynord 1987; Reese, 1984;
Reese, 1988). .This.. procedure applies to .riprap placement in

.’ both natural. and prismatic. channels and has the follow1ng

"“assumptlons and limitations:

,l,ﬁeggigimum;riprap,thickhesstequaiato.droo.

The.:wlue of d 4 less than 4 6.

b 3,

R vgroude}gumqerc;ess:than;l.z.

con kT

g, "§i&e,§id§ésfdp7to;2:1;;‘Qf;,%” -

S A safety factor of l.r. .

g Ma!lmum veloc1ty 1ess ‘than 18 feet per second.

gnR370/008 - ©.. 5-18
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If significant‘turbulence is caused by boundary-irregulari-

Lo,

ties, such as installations near obstructions or structures,
-this procedure is- not appllcable.

Determrne.thefauerage@welocity'in the main channel
for the design condition. Use the higher value of
:velocity: calculated both- with and without riprap
in place (this may require iteration using pro-

:wcedures. in.:Section.5.3.3).: Manning's n values for

- riprap can:be ;calculated from the equation:

O

Ut e
i S :_‘ -
TURE I
e
3 -
ke P
4,
w0 Bl
i v

n ;—0.039544((&50) ] : (5-17) l
HWhGEQA

n = Manning's rcdghness coefficient for
,stone,riprap‘ \ -

“ T*q o= Dlameter of stone for whlch
50 percent by welght, of the
bgradatlon 1s fmerh 1n feet

fﬂIf tock 1s to be placed ag’ the out51de of a bend,
f*multlply the Velocity” determlned in"Step 1 by the
”bend

-\ Fiquré 5= ‘17 for éithet”a ndtdral o ‘prismatic

‘brrectlon coeff1C1ent, Cb’ érven in

channel. This requires determlnlhg the channel
top width, T, just upstream from ‘the bend and the

centerline bend radlus,cRb.

If the.specxflc weight of the stone varies from
165 pounds per cubic foot, multiply ‘the velocity
from Step 1 or 2 (as appropriate) by the specrflc

*welght’correction coefficiént, Cg, from

Flgure 5 i8.

w4t [ . .
-Determlne the requlred minimum d value from
»‘Figure 5=19,=which is based on tge equatlon- .

R o

_ " | o
PR &%md30£54=,0.193{F:2;¢31 Lot (5-18)

TLoahd e PR M e ea Soanand

gnR370/008 - - 5-19




HUNTSVILLE=~=SMM ' o

~there:

'630.= D;ameter of stone for Wthh
30 percent, by weight, of the

Lt S - 'gradation is finer,.:in feet
3 L T T = S , ‘
S :D./= Depth of flow. above stone, in feet
sy ”‘yfxvt,%Fto='FroudeVnumberﬂisee%Equation 5=-13),
Siiiesa, e o7 wor L dimensdionlesgiec oo o '

Mean velocity above the stone in
. feet/second -

. <‘
it

g = Acceleration of grav1ty, 32.2 feet/
second2
'5. Determine auailable'rfprap gradations. A well
. graded rlprap is preferable to uniform size or gap
o ,'Ejgraded. ‘The" dlameter ‘'of the largest stone, d
“#4 " "should ‘riot be” more than 1.5 times the d 51zé?0
“""'Bldnketthickness sholld be greater thai or equal

et towdlod except as. noted below.H Suff1c1ent flnes

. (beélow. d‘g‘ ‘
fln the larger'rock SLZes.‘ The stone welght for a
"_selected stone s;ze can be calculated from the
"1equat" L - .

"0;5236"75“63” R . (5-19)

B

'W‘

“ . o

= Stone weight, in pounds,

ke
|

Selected stone diameter, in feet
—;Specificfweight~o£estone, in
pounds/cubic foot -

< 5
I

Filter fabrlc or-a filter. .stone layer should be
used to prevent turbulence or groundwater seepage
from removing bank materlal through the stone or
- to serve as a foundatlon for unconsolldated

W
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material. Layer thickness should be inci
e 50 percent for unaerWater placement

0

6. .If d8 /dl is between 2. 0.and 2.3 and a smaller
R -:déo size 1s' desired, ‘a" thlckness greater than d
can be used to offset the smaller-d size,
Figure /5- 20 can’ be usea to*make an approximate
adjustmént u51ng the ratio of d,, sizes. Enter
the Y- axis w1th kthe ratlo of the desired d size
wto the standard d30 slze and flnd the thlcﬁness
‘'ratio increase on"the x- ax1s.ﬂﬁ0ther minor

gradation deficiencies may be compensated for by

inc:easing_the,stonewblanketﬁthickness.i‘ﬁvﬂf_

100

R

. 7. .Perform prellmlnary de51gn,‘ensur1ng that adequate
... . transition is ‘provided to natural materials. both
...up and, downstream to avoid flanking.and. that toe

o protectlon 1s provmded to avoid riprap. undexmlnlng.

£ 5,3.7 EXAMPLE PROBLENMS |
‘ N S U

Examplelsel.' Difect~Solutioneof Manning’ssﬁquation

0O

;Use -Manning's Equatlon to .find.the full flow. capacity, Q, of
a 48-inch inside diameter, circular: cohcrete ‘pipe storm
sewer with an n value of 0.012 and slope of 0.006 foot/foot,

1. Solve u51ng Part B of Flgure 5 10
Va. Connect a llne between the slope scale at
0.006 and the roughness scale at 0.012 and
-note the lntersectlon poxnt on. the turnlng o
o linesooonke - : -

b. . Connect.a .line bétween. that intersection
~ point and thé pipe diameter scale at
48 inches and read the pipe capac1ty of
7l120 cfs from the dlscharge scale.

S e . - (A

—ff?el “VProceed to the veloc1tg scale ana read a
‘:"”~value of' 9. 6 feet/second B

2. Solve‘uslng Table 5-6.‘

gnR370/008 - T ga21
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b "ror s\=lo.oos calculate s

R

dlameter plpe and find C1 = 1556,

fzt;ﬂo.07746;

: ei‘t For Q, use. Equatlon 5= 5 to flnd

11556)(0 07746) 121 Cfs'iw; .

K

}djjerse Table 5-6to flnd A’ 12 566 square feet.

. 'Since Q Av, V‘— 121/12 566 9 6 feet/
‘?“ﬁ'second | : '

R A

Example”5¥2;~Grassed‘Chaﬁnel”Desigh'Staﬁilfty'

LI trape201dal channel is- requlred to.’ carry 50 cfs at a
=?'bottom slope of 0. 015 foot/foot.' Flnd ‘the™ channel dimen-

’=srons requlred to comply w1th aes1gn stabllity criteria
(retardance .Class D) for a grass mixture: 7 ¢

1. From Table 5-2, the maxiﬁdm‘Vélccitfiaﬁ-, for' a
- grass mixture with a bottom slope less han
SR percent is 4. feet/second. ,,;;gvinl”%;ﬁ;;ﬂfﬁg

:2.+ . -Assume an.n value ‘of 0. 035 and find ‘the value of

Lo 'JvR from Flgure 5—1.axﬁl e ;»“;~v,
VR = 5 4 o

3. Use Equatlon 5 14 to calculate the value of R.

R ="-§—££_ = 1 35 feet
é.h ‘Use Equatxon 5 15 to calculatetthe value of VR.
“ IR .m 1.49 (1.35) / (0. 015)1/2 '8.60"
o (o 035), ,‘

-5.ﬂt;51nce the vR value calculated in Step 4 is hlgher
‘than the value obtalned from Step 2, a hlgher n
value . is required and. calculatlons are repeated.
The results fromheach trlal of calculatlons are
presented below-'“' :

gnR370/008 ) . 5-22
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 Assumed vR SREIE T S B - yR :

n Value {(Figure 5-1) (Equatxon 5 14) (quation 5-~15)
0.035 5.4 . 1.35 8.60
0.038° 3.8 oem o hn0L95N . L L 4.4l
0.039 3.4 SVTL T oues e , 3.57
0.040 3.2 . 0.80 . 3.15

B e A

Select n = 0.040. for stability criteria.

6. Use Figure 5-11 to select 'channel dimensions.for a
trapezoidal shape with 3:1 side slopes.

i

Qn = (50)(0.040) = 2.0

0.015

S

Try b = 8 feet, d = (8)(0.14) = 1.12 feet
~ Since R = 0.844 foot and’ a value of 0. 80 foot
- is requlred, b must be 1ncreased.

Try b = 10 feet, d = (10)(0 098) = 0.98 foot
Since R "0.796 foot, channel geometry is
“T:adequate;‘”J‘

Select: b = 10 feet
. ‘ ' S z = 3 | o - .
. ER R RN S foot e
- A A TN S feet/second (Equatlon 5-2)

Fr = 0.76 (Equation 5-13)
Flow is subcritical |

13 Thaene S WL

ExamplgWSEE.wm&}gége% E%EnﬁeilDesigh”éapgciﬁy

Use a Io—foot bettom w1dth for the trapezo;dal channel sized

'"‘1n Example 5 -2 and flnd the depth of flow for retardance
CI&SS C. ':‘ .‘t e T ; % > . e i - :

1. Assume ‘a depth GE 1.0 foot and calculate the

o follow1ng (see Flgure 5 2)
L, ‘ f;_

= (b*+"zd) a

gnR370/008 Y 5=23
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™
L

: i
(10 + (3)(1 ]y . | o | d
- A ='13:0 square feet S E (:jw
(b +zd) d . L
b +.2d /1 + 2z2 . e,

[107+ (3) (1)] (1)
22104 (2) (1) Al +13200 AT

:;R'=,Qﬁ??§¥f%?ﬁf=ﬁ-um i,

?. ”*Fiﬁd'tﬁewbeiecifyfl e

o v = 50/13.0 | !
v = 3,85 feet/second

,!:3(e\‘ﬁihd:the valuewa“#B::Jﬁ?‘
vR =" (3.85)(0.796) = 3ﬂos"‘

fﬁ} :;Us1ng the vR product from Step 3, flnd Manning's n
S from” Flgure 521" for’ retardance Class C. (:)

n = 0,047

5. Use.Figure 5~ 11 or. Equatlon 5-2 to find the
. velocity for S = I 0 015 "R =0.796, and n = 0.047.

v =T334 fééézséeona'fL

6.  Since 3.34. feet{second is less than 3. 85 feet/
R second, a hlgher depth is requlred and ‘
» calculatlons are repeated.' Results trom each

,,,,,,

: Cna Velocity «..,Manning's
Assumed‘ . Area ff,s'jR“" ff Q/A"!bef . ;f‘, ﬁ,;; n ) Veloc;ty
) L TR AT itk
Depth (ft) (ft’) (£t) (ft/sec) . VR (Flg 5—1), (Eq 5=2)

" 13.00  0.796 _ 3.85 3.06  0.047 - 3.34
708 777 Tialel’  0.830 | . 3.62 | 3,00 :Llf . . 3.39
1 14.63 ‘0863 3.4z 7 298 3.45
.2 16.32 0.928 3.osﬁr~:g”zl§44,,,w . : 3.54 . <:>

O R e
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'~are summarlzed as follows.~

1Vegetat10n llnlng
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- Select a:depth of.-lil:with an n value of 0.048 for
-design ‘capacity requ1rements.‘ Add-at least

0.2 foot for freeboard -to-give a-“design depth of
1.3 feet. Design data for the trapezordal channel'

L .
+ o o Bl

:..grass mlxture, v = 4 feet/

R L

fsecond

Q=50 cfé““

"b'="10 feet, d = 1.3 fect, z'= 3, 8= 0.015

‘"-Toﬁ*width‘=;j1o):#tt211351123}[¥”i%.s feéé.'

(stability) = 0. 040,_d 1 0 foot, v = 3.9 feet/

.second Frouide number = 0.76 {Equation 5-13)

n (capacity) = 0. 048, d = 1 1 feet, v = 3.45 feet/
:second Froude number = 64 (Equatlon 5 13) T

Example 5

4 Grassed Channel Vegetatlon Comggrlson

A trape201

‘jbottom slo

dlmen31ons

ll

dal channel is raqu1red to carry 97 cfs at a
pe ©of 0. 0275 foot/foot., Compare channel )
requlred for a grass mixture and bermudagrass.

De51gn stab;llty calculatlons for a grass mlxture

are. summarlzed below.‘

vm = 4 feet/second (frbﬁ'TablefSQZi\ "

 Retardance Clas§ = D
- Assumed . VR ””‘R"'fﬁ'“f‘“‘”;  WR ”
n Value (Fig. 5-1)  (Eg. 5-14) = . (Eg. 5-15)
0.040-° .. 3.2 - 0.80 v - 426
10,041 2.85 0.71 .. . 3.43
0.042 2.6 0.65 - . 2,87
0.0437 2.4 0.60 2.45

'Select n ='0.043 for stability criteria..

gnR370/008
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. Assumed Area; AT PETNS

2.,-. To obtain a hydraulic depth of 0.6 foot, a svy-root
bottom Wldth is required. Depth calculations are
fbsummarlzed as: follows. S

Depth (ft) (£t2) (ft) AR2/3 1. 495° 3 ‘ (Ft/sec)

" 0.0 7 le.08 T0.387 854 i6.88 3.05
0.50 . 20.25 0.480 12.42 - '16.88 ‘ 3.52
0.60 24.48 ©  0.572 16.87 = ° '16.88 3.96

_ Fipd nd:mgl dgpppﬁ=,p,60 foqt; yw=%3,96 feet/second

3. . Design capacity . calculatlons for the grass mixture
© ° &re ‘summarized as’ follows:

iRetafdancé_Classféﬁc‘;m
e R Soar
o . Veloc1ty I
Assumed A_real R QAT ;”‘ o no v
Depth (£t) " (£t2) "(ft) © fefs) ' Urwr (Figl5-1)  (ft/sec)

060 24.48. 00,5735 - 3:96 " 2027 0,054 -+ T3NS
0.65 . 26.62 0.617 3.64 - 2.25 _ 0.054 . 3.32
0,767 2807777 0.662 U337 07 2,230 0 0.054 7 3.48
0.69 29 34‘-“6?653”*”*‘3;45'“ 224 ‘o 054'2‘;f ©3.45

. - P L R T FREEIR
[ S B I BT R I T as e N

Select n = 0 054 and d 0 69 foot.

4. 'Design stability calculatiéhé”for bérﬁudagrass are

summarized below:
v, = 6 feet/second, (from Table 5-2) .
Retardance Class = D

-"Assﬁmed ..,.,,fl; ":‘VR 3,‘ R R SRR : vR

. .n Value ., (Fig 5-1) .  (Eg 5-14) = (Eg 5-15)

e+ 0.035 . . 5.
D

- a 0.90 . 5.92
" 0.036 8 .

S . 0.80 . 4.73

. Select n = 0.036 for stability criteria.

gnR370/008 : - -5-26
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, - HUNTSVILLE~-SMM . R TP A 11°)

5. To obtain a hydraullc depth: of 0:8. foot, ‘asl5=foot
bottom Wldth is regquired. Depth calculatlons are
..-as tollows.h e e T e ﬂrﬁ A

® Oy
LS

© - Assumed i Area BRI - -".’,-:'fﬂ':";- o

- (ft/sec)

e

0.8 f"‘13 92 gl 694”" 1.
0.9 ~15.93 0.770 13.38
0.93 :::_mls,s4p’. Lo,?gz,wﬁJ 14.17

5 33
5.77
5.88

“Find normal @ebth = 0.33 for, v 5
feet/second S

1ff§fif DeSLQn capac1ty calculatlons for bermudagrass
" “‘using retardance. Class € are summarlzed as
V'follows-f:ﬂ‘nu,; '

e L . VEIOClty . e - , :‘V .
' Assumed ' iAréﬁ,”}i..R:w - Q/A L,« q,_’:ﬂ' f”“f,n v
Depth (ft) :(ft‘)‘;‘(ft1 4:' (cfs) T' _VR. (Fig. 5-1) (ft/sec)

0.98,. 17.58 0.829 . . 5,52 4.58 . ,0.040 __  5.45
1.0 18. oowf;o 844 - 5. 39 L.‘M4;55\\5,§_oﬂo4o« 5.52
1.02 18.42 ~ 0.859 ' 5. 27 7 a.s2 0.042 5.32

L

... [Belectn =0.042and & = 102 feet.

LI .o ) '7' S N . RN ",' DRI M el e ‘xi . ‘
7. 'Vegetative linings are compared as follows:
‘ R SREC IS : :,-'a} P
RUBECN Grass Lo .
- T.Mthure ' Bermudagrass
Bottom w1dth f‘ﬂlﬁ.p; §rl3?Mq, .. 15

'Side slope - I "[};j“' 3,
n(stability) ‘:ifij'f 0. 043 U7 o0.036
'd (stability) 0. 60 hfﬁf . 0,93
. v (stability) 3lee 5.87
L Fr (stablllgy) ... .. ... .8.919 1.15
o t; n ‘{capacity) _Aﬁ; . 054 . . 0.042
o ';q (capac:.tx)rm S o.69, e e ene 1,02
d. (w/freeboard) . Y 84 ,,J(".;f,‘ 1.22
A (capac1ty) ?3~ML .. 3. 44 :ff %”}L? ‘5,29
“Fr (capacity) ST ea1s T 100

Top width (w/freeboard) "‘44 o YT 2203

SRR

gnR370/008 . . 5a27 | P e
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Example 5~-

5. Rlprap DeSIQD

a natural
of 8 feet
radius of
is 5 feet:.-

channel has an average bankfull channel velocity
per second with a top width of 20 feet and a bend

50 feet. The depth over the toe of the. outer bank

‘Available - stone weight 1s 170 pounds per cublc

foot. Stone placement is on a side slope of 2:1
(horlzontal vertlcal) ‘

1.

‘Use 8 feet“per second’ as the'design velocity,

because the reach 1s short and the bend is not

“protected.

'F-fratlo of R /T = 50120 ="2. 5., From Flgure ‘5 17, €

Determine the bend correctlon coeff1c1ent for the

“1.55." TBe aojusted effectlve VelOClty is P

(8)(1.55) = 12.4 feet per second.

Determine the correction coeff1c1ent for the

specific weight of ‘170 pounds from Figure 5- 18 as
0.98. The adjusted effectlve veloc1ty 1s'ﬁ

- {12.4) (0.98) = 12.15 feet per-second. -

'Determine minimum d from Flgure 5- 19 or

‘:1“Equatlon 5 18 as about 10 1nches.

An avallable gradatlon has a minimum d size of
12 ‘inches and is’ acceptable. It has’ ehough fines

-that a filter course will not be required..

gnR370/008

_ (0ptional)-Another gradation is available with a

d of 8 1nches. The ratio of desired to standard

Tfffs%one size 1s 8/10 or 0.8. From Figure 5-20, this

gradation would be acceptable if the blanket
thickness were increased from the orlglnal d
thickness by '35 percent (a ratlo of 1. 35 on %ge
horlzontal axls)

Perform prellmlnary design. Make SUre that the
stone is carried up and downstream ‘far” enough to
ensure stablllty of the channel and” that ‘the toe
will not be underm;ned. Thé’ downstream length of
protectlon for channel bends can be determlned
u51ng Flgure 5 16. - -

~5=-28

O



; Calculatlons . G T e e L PR

. HUNTSVILLE--SMM R T 1]

~J5,4;‘GRADUALLY VARIED FLOW: .

fﬁThe most common occurrence of gradually Varled flow ins storm.
dralnage ls the backwater created -by culverts, storm sewer

inlets, or channel constrictions. . For these .conditions, . the

'flow depth Wlll be greater than .normal depth:.-in. the channel
Wtand the water surface ‘profile. should -be -computed.using.i::
_‘backwater technlques. : : L E e

. Many computer programs are. available :for computatlon ofl.

’ backwater curves., ; The most general and widely used. program,
,,,HEC-Z was developed.by the U.S. Army Corps-of. Engineers:.
'MW(IBBZ) and 1s~recommended for. floodwater. profile. computa—
,wftlons. This _program can be used to.compute water surface.

-proflles for both. natural ‘and artificial channelsfmwm

e e - .- PR . R

;aFor prlsmatlc channels,}the backwater calculatlon can be.
. computed manually .using the Direct Step: Method,«as presented
by Chow.(1959). [Foxr an. 1rregular nonuniform channel,the.

Standard Step Method .alsojpreeented”by Chowr11959y,vls.
recommended, although it is a. more tedious- and:iterative:.
process. The use of HEC~2 is recommended for standard step

e L Sy e R
mepdor ETeb 00 RN R RN P LR LR [

... 7 .. 5.5 RAPIDLY. VARIED- FLOW. -

Rapidly varied flow common to storm drainage systems occurs

at flow control structures, hydraulic jumps, :and bridges.-
Sharp-crested weir, flow equations for no.end- -.contractions,
- two end contractlons, and submerged discharge condltlons,
"and equatlons for broad-crested welrs, v-notch weirs, and
~orifices are presented in Chapter 9. " The hydraulic jump and
“bridges are briefly discussed below." . o

5.5.1 HYDRAULIC JUMP

A hydraulic’ jump can occur when flow, passes .rapidly from

supercritical to subcrltlcal depth and can be designed to

‘dlSSlpate hlghly erosive velocities.. The:evaluation of a

hydraulic jump should consider the high*energy loss and
erosive forces that are associated with .the jump.. For
rlgld-llned fac1llt1es such as plpes ‘Qr concrete channels,

gnR370/008 . 5w29 | S
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- the forces and the change in .energy can affect the struc-
tural stability or the hydraulic capacity. For grass-lined

....channels, unless the erosive 'forces"are ‘Controlled, serious

.damage will result. . Control 'is usually obtalned by~ check
 dams or .grade control 'structures that-confine ‘the er051ve
‘forces to a. protected area.’' ‘Flexible material, 'such as’
riprap, .rock, or.rubble,‘usually affords the mostxeffeétive
protection. S

The -analysis of -the hydraulic jump inside storm sewers must
- be ‘approximate, because of the’lack 6f data-for circular;
elliptical, or arch sections. The ‘jump-‘can’be approx1mately
located by intersecting the energy grade line of the super-
critical and’ subcrltlcal flow reaches. ' The" prlmary concerns
"are whether. the pipe can withstand ‘the ‘forces,. which" may "
separate the joint or damage the pipe wall, and whether the
jump will ‘affect the hydraulic characteristics.:: The effect
~on pipe capacity can be determined by evaluatlng the energy :
grade line, taking into’ account 'the ‘energy lost by the" jumg..
ln general, for-Froude numbers. less- than 2 0,,the ‘loss-of"
energy is- less than 10 percent.' e A SRR
For long box culverts with a concrete bottom, ‘the: concerns
about jump are the same as for storm sewers. However, the
jump- can be adequately defined for box culverts/sewers and

: SeCthDS .

The relatlonshlp between varlables for'a hydraullc Jump in
rectangular channels can be expressed as ‘ :

R dl 'é} (a2 7. av %)) ?” @ e
d = = E_vdtflﬁfzj ‘fkmff'?iht_ AN (5 20)
where:

e
N

Depth below jump, in feet. . ... . ..

o
]

Loy = DePth%above jump,iin*feet* L

?iv“1=‘Veloc1ty above jump, 1n feet/second _.:
Mg = Acceleratlon*due to grav1ty, 32 2 feet/
»1bsecond? o -

gnR370/008 .. 5230
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A nomograph for solving Equation 5-20 is presented 1n
Figure 5-21. " Additional idetails: -on‘evaluating hydraulic
jumps can be found“in’ ‘publications.;by“French (1985) UsboT,
FHWA (HEC-14, 1983), Chow (1959), and Peterska (1978).

P

5.5.2 BRfﬁGéE{

Water surface proflle calculatlons in the v1c1n1ty ‘of
bridges are generally performed using"a computer program
such as HEC-2 or WSPRO {USDOT, FHWA, HY-‘ ""“ 3 The
procedure selected should be consistent. w1th results from
previous studies, if available.  For example, if changes to
regulatory flood .€levations and floodways are to'be eval-
uated, the program and data files for the orlglnal study

.-should be used.’

P R T

gnR370/008 ‘ o s-31
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" rable.5=l:v. - ..

. _MAXIMUM VELOCITIES FOR

Material

‘J‘ﬂwcoMPARING‘LINING;MATERIALS.-, U

B T FILIEat

“Maximum Velocity®
(feet/second) -

' - Bare, soil ..

. .silt or fine

' sandy. loam_
v 8silt loam
?--'4StifffcIayfﬁ

L.osed.i
" Lapped sod
Vegetation

Rigid?

sand b"":‘:i [AgS v :
: + S : ST, ¢
5.5 ..

Use Table 5-2

10

aHigher velocities may be acceptable for rigid linings if
energy dissipation is provided (see USDOT, FHWA, HEC-14,

1983).

gnR370/008a
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‘awﬁ tTable 5-2
MAXIMUM VELOCITIES FORfVEGETATIVE CHANNEL~LININGS

Tt ‘ e : zﬁm&@ﬁ@mﬁ‘ Max1mumf*”mﬁ
Vegetation. o -Slope Velocity?®
Type Range~: (%) «..:.:-'(feet per second). .

6 .
5

~..Bermudagrass:’

"H‘Kentucky bluegrass L
';wBuffalo ‘grass AT 5-10

. ‘Grass mixture e 0=5 .o omiw 4 s
L g Sl 1 5-10 LA 3

f‘@Lespedezausericeaeuﬁ.tT 0=5. s nm v 2.5 0
*.rKudzu, alfalfa  ».v.- L AR ‘

fﬁaAnnuals

:foeference.m USDA,.TP-GI (19473}1ﬂe:né=.%ww;1 T R R

A - _a-_“f‘!‘*,;“_‘ .on Dot i Ll .
aBased on erosive soils.

IR B

L Y 2o I T e 2
. - . - .

gnR370/008B0314 . | 5=33 B LIy
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LLning Cateqgory

J\M{}~

Unlined

, Temporary. ™

Gravel Riprap

Rock Riprap

o - Table 5=~3
;xh ‘RECOMMENDED, MANNING'S‘n)VALUES FOR.. ARTIFICIAL CHANGES

Lining Type .0-0.5 ft

TR
".ﬁi:‘ij,‘\,p o, R

. Concrete (Broom.or,:

Float Finish)
Gunite ‘ T
Grouted Riprap.:.
Stone Masonry

' S0il Cement

Asphalt

Bare Soil
Rock Cut

 Woven Paper Net ..

Jute Net
Fiberglass Roving
Straw with Net.: .

- Curled Wood Mat
Synthetic Mat

1-inch (2.5-cm)}nébpq;-

2~inch (5=-cm) Dg,

12-inch (30-cm) Dgq

Reference: USDOT, FHWA, HECflS {1986).

gnR370/008c_0314 5=34

-~ 1991

p-value Depth Ranges

0.015 0.020

0.5-2.0 ft

2.0 ft

0.020
0.022 0:020 ;... .15 05020
0.040 0,030 0.028
0.042 0.032 0.030
0.025. .. 0.022 .- .+0.020
0.018 0.016. 0.016
0.023 0.020. . 0.020
0.045 ' 0.035 0.025
0.016 ... 0.015 . 0.015
0.028 . 0,022 0:019
0.028 0.021 0.019
0.065 0.033 0:025
0.066 0.03§ . 0.028
0.036 0.025  0.021

D 0.084 i 0.030

0.066 0.034

. 0.104 0.069 0.035

NA 0.078 0.040
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““Table 5-4
CLASSIFICATION OF VEGETAL COVERS AS TO DEGREE OF RETARDANCE

ot

Retardance
Class Cover Conditien
_ A .b e Weepling lovegrass-.ws - o —-—Excellént*stand;“tair“(évéri@é‘ao“r"[76'Em7”m“'”
‘Yellow bluestem
: Ischaemun Excellent stand, tall (average 36" (91 'cm) '
"B Kudzu Very dense growth, uncut
e Bermuda grass ) Good stand. tall (average 12") {30 cm}
Native grass mixture - "
{little bluestem, hlue-
stem, blue gamma, and S— P ot ey
other long and short : ' ST '
" midwest grasses} Good stand,” unmowed
Weeping lovegrass Good stand,:tall-{average 24") (61 em)
Lespedeza sericea Good s}and, not woody, tall {average 19“)
. (48 cm) -
Alfalfa Good stand, uncut (averaqe 11" (28 cm}
. Weeping Iovegrass Good stand,.unmowed (average 13"}.(33.cm)." .
o Kudzu . .Dense growth,  uncut e
. Blue gamma "7 Good stand, uncut (average 13" (28 cm) o
C- Crabgrass ) Falr stand, uncut (10 to 48"1 {25 to 120 cm}

Bermuda grass

Common lespedeza

Grass-legume mixture--
summer (orchard grass,

redtop, ltalian ryegrass,

and common lespedeza)

Centipedegrass

‘Kentucky bluegrass

_Bermuda grass

Common lespedeza
Buffalo grass

Grass~legume mixture=-=
fall, spring {orchard
grass, redtop, Italian
ryegrass, and coomon
lespedeza) .

Lespedeza serices

Good stand, mewed {average 6"} (15 cm)
Good~ stand, uncut, (average 11") (28 cm)

e BT R

Good stand,’ ‘uncut {6 to 8 inches) {15~ to

.20 em)

Very dense cover [average 6 Inchesl {15 em).c -
Good stand, . headed (6 to 12 Inchesl {15 to
0w T

Good stand. cut to 2.5~inch height lG cm},
Excellent stand, uncut (average 4.5"} (11 cm)
Good ?tand. uncut {3 te 6 inches) (8 to
15 cm) e e nte & garpg st .

T

Good stand, uncut (4 to 5 inches) (10to '
ﬁ13 cm) G e as e s
After cutting to 2 inch height (5 cm]

. Very' good: stand before'cutting-

wi d e

E Bermuda grass Good stand, cut to 1. S-inch height (4 Em}
Bermuda ¢rass Burned stubble” - ‘
Reference: ‘USDA, TP-61.(1947).
Note: Covers classified have been tested in experimental channels. Covers were green and

| ‘ generally uniform.
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Table 5-

. COEFEICIENTS. FOR. 'OMPUTING :MANNING'S ‘n-VALUES" a
FOR NATURAL OR EXCAVATZD CHANNELS USING COWAN'S EQUATION

“Channel Conditions

Material Involved .. ;. . 'Earthu.ivuw..
o o ' Rock Cut
ane Gravel
'Coarse Gravel

Degree of Irreqularity Smooth
‘ ‘ Minor,. -
.o Moderate :
e E3 ‘Severe

r«Gradual“ :

variations 6£“Ch;nnéiﬁf”
Cross Section ..
C to e Alternatxng Frequently

VAT PR R T

: Relatlve Effect of it Negl;glble
Obstructxons S Minor
o : Appreciable

.. . Severe . .
A b Fa A

: . P T

vVegetation
el PN

Apprecxable
Severe

3cowan's Eqﬁafiéﬁ;i%;pféggnfédtagfkqugﬁion 5-1.

Bfrom Chow (1959}, Table S-5,page 109,

gnR370/008e . - | - 5=36:

- Values

Alteznating Occasxonally

0.020 -
'0.025
0.024
0.028

- 0.000
0,005
0.010
0.020

0.000
0.005
7 0.010-0.015

0.000
0.010-0.015
0.020~0.030C
0.040-0.0860

. 0.005-0.010
0.010-0.025
0.025-0.050
0.050-0.100.

1.000
1.150
1.300
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D

D|ameter
(inches) .

Plpe e

v [P R
~lrHydeadlic'

Value of Cy = 1:486 VX R
- n ety

N “Y ‘T e e N

' 'Radius :

(Feet) |- ;.

B

) 1:‘:8x

ST B 12
Jen o 18

gt

: 10 o sty

gq et

&0, 157
102087
'”0 250
0»312
ars

" n=0.011
o1e3
258
42.1

G785 |
co12a )

o 437
oo 500
10562
0625
|.0.688

187
267 |

366 |-
‘- 485 P ,_

| 1250

agso.
0875
1:000

3385‘Um \

'1:375;\ iy "AI-

1.500
1.625

C.1.750 | -

- 1.875

log -
- 120 0

ez | s,

| 2000 it
otaazs L
|- 2250 |
| 2375

. 2500

s
<132

786590 |
. 95033 |

103 870 -

113 100 :

2750
;;i"2.875

2625

30000 | -

ey

T A

TABLE 5-6
. Full Flow C, Values for Circular Concrete P:pe

L T T P R o T AN

R

T I A
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S s

Fu!l Flow C, Values for Elhptscal Concrete Plpe

Full Flow. C1 Values for Concrete Pipe . Arch

Approximate
Pipe Size | Equivaient A R Value of C» - 1.488 485 x Ax R
+|~RXxS(HE) |- -Circular. - -1~ Area - |- Hydraulic-
- SXR{VE) Diameter {Square Radius. | ' : . o ‘
(Inches} ‘| "(inches) - | '.Feet) {Feet) . n-OOlO n=0011 | n=0.012 | n=0.013
| 1aw23 . 18.. | 1.8.-| 0367.. |38 125 116 -|. 108"
.19%30 | 24" 33 0.490 -*‘;;“-30,1 | or2ran L tres2e) 232
22 %34 127 4.1 0546 | -a05 | 0 0368 | 3397 . 313
24%38° 30 7 51 0613 547 - 497 ' 456 421
| 2742 | 33, ik 6.3 |- 0.686 - 728 | -u662 607 | . 560
“l29x45 -1 36, 7.4 :|+0736 ;| %891 810 746 " 686
- 32x49  |.- .39; 88 - |..0812" ;1140 | 1036 948 - - B75
" 34x53 " 42, - 10.2 f “0.875 | 1386 - 1260 1156 1087
-~ ] 38x60 7 48; 12.9 ' |++0.969 | ~11878 11707 1565 .. 1445
- |83 x68 54 16.6. ~1.106 " | - 2635 - 2395 2196 : 2027
e 4B X 767 - 80" © 2057 |7 7L22% ¢ |F 3491 - | 31747 <2910 ) - 2686
<> 53 %83 66 248 [~ 1.352”' 4503 ¢ | -4094 3753 . 34564
|- S8x91 . 72 29.5 - 1,475 - 5680 - 5164 4734 4370
| 63x98 78 34.6 - 1.598" 7027 - 6388 5856 ' 5406
"68x 106-i - B84 40.1 721 ~8560 |- 7790 7140 6530
- 72x 113 | 80 46,1 ©..1.845 |- 10300 | 9365 8584 7925
] 771211 96 52.4 | . 1.967.. |- 12220 | .11110 10190 9403
--B2x128 -102; .- |--99.2- :22.091 +.| 714380 - |-13070-- |- 11980:.. | 11060
| 87x136 108 66.4 .2.215. |..16770 ..15240 13970 12900
1 92x143 114 74.0 '2,340 | 19380 17620 16150 14910
g7 x.151 |7 120 N 82.0 2461 | 22190 1’20180 | 18490 17070 |
(106 x'166 - 132 jr. 99.2 ©2,707 .28630 126020 | 23860 22020
- 1116 x.180 144 1186 . .2.968 - 36400 33100 - 30340 28000 :
Reference Amerlcan Canc:ere P:pemocvation (19&0} BT T ABLE sg }

- |Approximate : A I - :1.486 L2
" | Equivalent’ . A "} R |- ..?f,a‘“‘?"f.?‘ Tn xAxR :
"Pige Slze "l Ciréular . ‘Area | Hydraulic [~ i . :
RxS - ‘Diameter. ~:* (Square .| . Radius | . . - ‘
. (!nches) (Inches) Feet) - (Feet) ‘n=0.010 [ n=0.011 {n=0012 [ n=0.013
b1l %18, 15 .-, Al - 0.28 65 .59, | .. 54 50
"13% x 22 ‘ 18 1.6 " 0.30 110 “100° 91 84
| 15¥2 x 265 21 o)t 22 w036 © 165 - 150. 137 127
18 .x28% | 24 . ! 28-|.045 | - 243 | .- .~ 203 187
22 x 36| . .. 30 . .44. [2o056...1 0 .44l | 7368, . 339
26% x 43%:. | 36 | “6.4 " s 0.68 <. 736 . 613 566
.| 31%ex 51 42 . | 8B |, .0.80 .., 1125 938 866 |
136 'x58y% |- 48 - 11.4 | *-0.90 11579 1315 1214
1,40 'x 85,50 54 ... 1437 [0 L0l g .‘"2140 1783 1646
)45 x73 80 17.7.. 1 113 2851 2376 2193
iy = N . .
| 54 'x 88 72 256 | 135 4641 3867 3569
‘..62,.‘4“*,102.“_ o ‘84“:’,:"‘:1‘ LY Wt B B A SRR -1+ 7: § = L (). ~.-.8784" 5339
72 x115 a0 44.5 .77 9668 8789 8056 7436
T7¥ax 122 96 51.7 1.92 11850 10770 9872 9112
87% x 138 108 66.0 217 o | .16430. 14940 13690 - _,_12640 :
.1 9674 x 154 120 81.8 2.42 21975 19977 18312 ! 16904 .
1062 x 168%! 132 99.1 - 2.65 28292 25720 23577 21763 C
Raterance: American Cancrete Pipe Association (1960). '
TABLE 58




HUNTSVILLE-STORMWATER MANAGEMENT MANUAL :

b Ee I
el
N
i
i
E e
EY L

Box Size A R C=1.486/(AxRYI) | g size A R c=1 486!nlA x nzm
Span x Rise Area Hydraulic ' Span x Fhse Area Hydraulic T ;
(Feety | (Sauare | Radius | 5005 [ q_goiz | (Feeny | (Satiafe | Radius | 5500 g3
Feet) (Feet) ‘ Feet) (Feet} .1 - : -

oxs | 4388 | 167 | 7060.| 7070
"ax6 | s288 | 187 ©| oggs0:| om0
ox7 | 6188 | 205 | 12400 | 11400
9Xx8 7088 | 220- | 14800 | 13700
| oxo 7988 | 2.33 i7400 | 16100;
| 1oxs | 4861 | 173 8690 | 8020
10X6 | 5861 | 1.95 11200 | 10462/ |
10X7 68.61 | 2.4 | 14100 | 13000:|:
10x8 | 7861 |.:2.31 17000 | 15700
a0x9 | 886l |- 246 | ‘20000 | 18500
| ox16| essr | 259 23000 21300
|11 x4 | a232 [“152 | 6930 | 6390 B .

. [-11x6 | 6432 | 202 | 12730 | 11700.;
111 xs8 86.32 | 2.41 19200 | 17700;:
11X10 | 10832 .| 272 26100 | 24100

3x2 | 678 | 063 [ 524
Ixs 8.78 078 | 923
'4X2 | 765 069 |° 743
ax3 | 1165 | o090 |- 1340
4X4 | 1665 104 |. 1990
5X3 14.50 098 |* 1770
5X4 | 1950 116 | .. 2660 2460,
5X5 | 2450 | 1.30 |° 3620 [:334
6X3 | 17.32 104 |. 2200 }=
6X4 | 2332 | 1.25 3350 |-
6X6 | 2032 | 142 | 4500 |’
6X6 | 3632 |. 156 |: 5880 |
7x4 | 2711|7133 | 4080 - ¢ 3740,
7x5 | 3411 |. 182 |7 ssg0 | 51607
7X6 | 4111 {168 | 7200 |

Ly g

1x7 | a8m- |: 182 | ssso: Tx1 | 11932 | 285 29700 | 27400

-12X4 | 4600 | 155 | 7630 7050
“12x6 | 7000 | 2.08 14100 | 13000
12x8 .| 9400 | 250 | 21400 | 19800
12X10.| 11800 [:283 |- 20300 | 27000

8 X 4 3101 [n 139 |0 4790
8xs | som |7 1607 [; 6630
8x6 | a47.11 | 178 |: 8760
8x7 | .11 Ji194: | 10600

ML e

Bx8 | 6311 [ 2077 | 12700 12x12 | 14200 {l3an 37500 ‘34600?

Reference: American Concrele Pipe Association (1980).

' TABLE 5-9
Full Flow C, Values for Precast Concrete Box Sectlons




Table 5-10 :
CRITICAL DEPTH EQUATIONS FCR UNIFORM FLOW IN SELECTED .
CHANNEL CROSS SECTIONE - C

. Semi-Empirical Equation®
Channel- Type . for Estimating Critical Depth

NG

~7 Range of Applicability

i' - w 2
}_, LS ! - __0.,].(.‘0.5522' 2 < 0.4

1w "2. Trapezoidal®’ For'0.5522 —a=g's 0.1,
AT ‘ S . pTIT

iy e e e R L i 7 e e T - .. use rectangular.channel :
. : | equation
. 3. . Triangular®’ A
s 4. Circular® B
. : 5. General®
? | ‘where:' . , . :
! \ d = Critical depth, 10 feet 3 (::)

RTINS FEE . TE RS A N S S

“-‘Q -=-Dasign-discharge;-in-cfs

= Acceleration, due to gravity, 32.2. feet./seconda
= Bottom width® of-channel,’ in.feet .. -7 5 :
= Side!slopes of.'a channel- ‘(horizontal’ to vertical) ) L C
- Diameter ‘of eircular conduit, in feet * ’ : :

=
-

Cross-sectional area of flow, in square feet o
“Top’ width of-vater surface», in-feet - nommewsoo L Lo Lo

’@ybﬁ&h

aSee Figure 5-2; fur ehannel sketches. L o s ‘?' ﬁ

4 . .
bAssumes uniform flow with the kinetic enerqy coefficient equal to 1 0. ; '

v -

cReference- Frencb t1985).

. i %Reference:’ usno'r, mm, rms-4 (1965). RN T A =z
. “Reference: Brater and King (1976). e '
3 ‘ oo .

L gnR370/008£-1 ' 5-41.
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_ Based on Manning’s Equation (Equation 5-6), n = 0012
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- --Based on Manning’s Equation (Equation 5-6), n = 0.012 o
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-, Based on Manning's Equation (Equation 5-6), n = 0.013
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- Based on Manning’s Equation (Equation 5-6), n = 0.013
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Solution of Manning's Equ'ation for Trapezoida! Channels
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Protection Length, Lp. Downstream of Channel Bend
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Chapter 6 ‘QWQ’:Qjﬂkﬁs;ﬁh
CULVERT HYDRAULICS, 3

f;.jﬂﬁngﬁww,&".ﬁ ggHDAMENIAL

: H - I W T A
e : FE - v AR Y A

Culvert hydraullcs can be clas—51f1ed and analyzed -on:: the«

basis of a control section. A control sectlonwls a locatlon
~ where ‘a unique relationship exists betweenithefrate of vElow.

and depth of flow or water surface elevation. . The two basic

-types of control4sectlons are; ;nle and outlet . controlnu‘wg

‘ G

PP -‘ Ve

'Inlet control exlsts when the culvert barrel is capable;of ‘
conveylng more flow than the inlet will accept.{ The control
section for this condition is located just inside the =
entrance. Crltlcal depth occurs at..or;.near this. location
and the flow in the culvert is supercrrtlcal.weThe following
variables 1nf1uence culvert performance at the .inlet:

1. Headwater elevatlon ST e T e
2. - Inlet area

3..;;Inlet edge.. configuratlon v
Am,'eInlet shape oeem e

Flow under inlet control may be descrlbedwmathematlcallyTbxf
either the weir formula or the orifice formula, depending on
the headwater depth. It is important, to, .note .that.the.. . .-

tallwater elevation has no 1nfluence'on capaclty.,qv

- 6.1.2 OUTLET CONIRO

G

‘Outlet control occurs when the culvert barrel or outlet has

less . capac1ty than the ;inlet. .The control. section for.this:

“gituation is located at the barrel exit or - downstream from
- the culvert. Either partlally full suberitical flow or full

pipe pressure flow conditions:can occur. ..In.addition to the
variables 1nf1uen01ng inlet performance listed: above, the
follow1ng factors can affect outlet performance.%

x. Barrel.roughness
~2. ' Barrel area-
3. Barrel shape-

gnR370/003_0314 6=l o
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4.- Barrel 1ength e
5. Barrel slope - lowiitiolali
6. Tailwater elevatlon

. For outlet control, the»dlfference between headwater and

tailwater elevation represents the energy or head that
conveys -the:: flow'through ‘the: culvert A s ;

L S SRR

b T PBRLLTE T oE g

g In most sltuatlons, the hydraulic sizlng*of ar culvert is a.

trial and error process. A trial culvert size is assumed
and inlet and outlet performance are evaluated to.determine

- 1f they will. satlsfy the condi-tions prevailing at the pro-

o wde
ks

' dlSSlpatlon is requ1red.«~~ S

cenll iy >"w‘.,.\:‘-;“ Cecterete T e

:posed 1ocatlon.4 ‘A culvert system is‘selected by oh0051nq
“the' follow1ng 1tems-*-é~~n- F R w‘wm

Tk I D

,*?fl}ﬁﬂﬁInlet structure - Fﬁhigﬂ'dﬁﬁﬂﬂ‘uJR“"'T
24" .Barrel mater1a1 B IR S SRR
a, " ‘.T;Shape B ‘."'-33;;. Yeug Y B T S P
4, Size ‘ - )

5. Outlet structure T P T L S e

The inlet and outlet structures are: usually*the same, o
achieve a symmetrical. installation. Ifi the outlet veloc1ty
is high enough to cause er051on, protectlon or energy

R T R B ST

" The prooedures presented in thls chapter were obtalned from' -

'The following parameters shall be" considered when culvert
hydraullc calculations are performed-“ G2k : e :

W** ?~1Z“’“Dlscharge"ﬂ3“w

USDOT, FHWA, HDS-5 (1985)

6 2 D_ﬁl_ﬂ__BlIEBl_

2, - Headwater '
3. Tailwater -*  Jui.
4. Manning’s n values ,
5.. Length and slope . RN
6.  Velocity limitations

gnR370/003_0314 . 6-2 "




T estlmate the.reductlon.
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‘The des1gn discharge depends on an’ approprlate storm fre-
‘quency (return period) and the protectlon

public on ‘the” roadway or adjacent lands.P
crlterla shall applys” s

Major and Mindr Arterials 5-year e
. Major Collectors ‘ - 25-year
 Minor Collectors '
S Re51dent1a1 and Local
“.fRoadSLde Dltches

‘In addltlon to. the de51gn flow, the culver ‘capac-lty should
- be checked for the 100—year return perlod to ensure that

overtopplng flood condltlons do not exceed 1 foot above the
top of curb. If pondlng occurs at’ the cul ert entrance,‘and
a reduc-tion’ 1n dlscharge attributable’ to‘ torage is.

appropriate, reservoir routing calculations can be used to

~, oo JEARTR i
AT e e T

6. 2 2 EEADWAIEB

The allowable headwater elevatlon 1s determ1ned§from an

evaluatlon of condltlons upstream of the culvert and the
proposed or. ex1sting roadway elevatlon. ]
crlterla shall be analyzed'f‘

I

1. Nonedamaglng'or”permiEthle"upstreah'rloodlng
elevatlons (e. 9., exlstlng bulldlngs or floocd

'elevation data from ‘Section 3. 3} should be .

*fldentlfled.fineadwater should be kept below these -
elevatlons.;_\ ﬁ e

RESR TN Te Lt cI'Erv,r DR R

2. Headwater depth for the de51gn dlscharge should .
not exceed a height greater than 1.5"feet ' below
the edge of‘the shoulder of a road.

.om.f.-,

3. Headwater depth for the de51gn dlsoharg should
'”""'fnot cause water to rlse above the top of” approach

“channels’ adjacent to 1mproved 1and or, above the"
established flood plain (Qq 0) Impacts to ‘the -
established base flood (9100) elevation should be
minimal.




 .The: ccnstralnt that gives the lowest allowable headwater@;

2 irfh

| Bf%LﬁIf an upstream culvert‘

HUNTSVILLE=SMM ‘ e :441953

4. Other site-specific design ccnSLderations should
be addressed as requlred. o _

elevation shall establlsh the basis for h%draullc ";

calculations.

6.2.3 TAILWATERm'

shall be evaluated to determine a tallwater depth for the
de51gn dlscharge. The fcllow1ng condltlons are typlcal'

S 22 the culvert outlet is operatlng 1n a free fall
‘:condltlon (e g., @ cantllever plpe), the crltlcal ,
" “depth’ and equlvalent hydraulic grade’line should T
“~ be ‘determined using procedures presented 1n I
- Sectlon 6 3.fﬁj,‘ﬂ,,, N ; ‘ :

2. For culverts that dis-charge to 'an opén’ chanrel,
tailwater depth is established by evaluatlng the
‘normal depth of flow in the outlet channel using -

_]prcceduresdldentlfled 1n’Chapter S.ﬁljﬁ "

Sk

outlet is 1ocated near
"‘downstream culvert inlet,’ the headwater elevatlon ,

of the downstream culvert may establish the de51gn :
. tallwater depth for the upstream culvert..‘

M!i

4, '-If the culvert dlscharges to ‘a 1ake, pondf or
.cther majcr waterbody, the expected hlgh water
‘elevation of the partlcular waterbody may
establish the culvert tallwater.’ - !

CLE L R

6.2,4 MANING’S nVALUES . - 1700

All culverts shall be constructed using reinforced concrete
plpe unless alternate materlals of equal or greater

*"effectzveness ‘and; strength ‘are’ approved by the Englneer of

:publlc Works. Mannlng & n Values“for culvert capac1ty
calculations shall be as’ fcllows-gg DR

u.: o ‘.,.l,f

. TER-
oo .
sif Rilae o

'gnR370/003_0314 . 6-4




0O

C

c

625 LEkGTH“ﬂED SLOPE

,LL“"6'.2"."6 VELOCITY LIMITATION

ﬂaterial

S T B EAT IO s ,1.3;:,-' I VR P JL
circular and. Arch*Concrete Plpe
Circular Corrugated

~ Metal Pipe. (CMP) : N ,
iStructural Plate {TMP ™~ & ULl Lheagy 0328-0 0302
- BOX'CONCrete . i i gl v o o i v’”“ K A

*0 0127

0val Concrete =5 0.012“‘”fﬁ*
0.024.

-0.0327-0.0306.

3. Skew angle of "thé” culvert =

w

2. Geometry of the roadway embankment

.

A minimum velocity of 2.5 feet per'second when the culvert.

- is flowing full is recommended to ensure a .self-cleaning

condltlon during partial depth- £lowii > When velocltles ‘below
thls minimum are anticipated, the 1nstallatlon of a sedlment
trap-upstream of“the culvert*is*requlred. A &

Provchiy )
SRR < B A SRR G LW S DONWL L. e

R1prap is required at all culvert outlets, unless some other ,
material-of equal or“greater effectiveness ‘and- appearance is
approved by the Englneer of Publlc Works. The maxlmum
velocity’shall be' consistent with’ €hannel® stablllty
requlrements aty ‘the' culvert-outlet’ 435 outlet’ velocltles
lncrease;‘the néed"for charinel stabilization-at’ the culvert
cutlet increases. If velocities exceed permiSSLble-
veloc1t1es ‘for” the" outletfllnlng mater1a1 (see Chapter 5),

| energy dissipation: 1s\requ1red. A

6.3 DESIGN CALCULATIONS -

A flow chart for performing culvert design calculations is.
prov1ded in Figure 6-1 (see discussion in Sectlon 6.3.1).

gnR370/003_0314 6-5"
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worksheet for. performlng calculations - for-standard culvert

design is provided -in Figure 6-2. Additional worksheets for

tapered and mitered inlet design:are. prov1ded in HDS-5
(USDOT, .. FHWA, 1985) . , L inea i

e

. For standard culvert deSLgn, the follow1ng 1n1et andHoutlet |
.,control charts, found in HDS-S and dupllcated Aas. the flgures
shown, are required culvert capacity calculatlons-- -;4,}

i

’ ﬂ";;:ﬂ‘ ‘. _.“‘ :,1 ‘f“.:; E i g gre ] Nlimbérs
Inlet Outlet

- Standard Culvert Type

Circular Concrete Pipe . . . S oL o823 L - 6=4
Circular Corrugated Metal Plpe (CMP) e .6=B. . . 6-6
Structural Plate CMP - 6-5 . 6=7
Concrete Box . . . ‘ : Lo 6=8 6=-9
‘oval COncrete Plpe-—Long Axls HorlzontalprQVG-lo Lo 6=11
Ooval Concrete Plpe--Long Ax1s Vertlcal iy nB=12 6-11
CMP Arch | 6= 13 6-14

Structural Plate CMP Arch. (18- 1nch e
Corner Radiusj L

s AT ‘
- Circular Pipe With Beveled Ring - 6-4
’ . e h v ‘faféﬁﬁ‘i“.‘ il H [‘f" b '_:-_:-"}‘.J'\: i or . 6-6
COncrete Pipe Arch . o T 6-17 6-18

6. 3 1 ' ENERAL gBOCEDUREh

i

| The follow1ng prooedure, lllustrated 1nﬁFigure 6 1, shall be

used.- to select .a culvert size with the charts from HDS-S.

G
M

-,;:tabulation form 1s prov1ded 1n,F1gure 6-2,‘,h hlch
-,;1ncludes a“draw1ng labeled w1th desmgn varlables)

o Gt e e 5ulf %

fnea;ﬂ;LDe51gn dlschargelaq;-in cfs,aw1th average
' return perlod (e g st) When more than )

. g g Vet
gnR370/003_0314 6-6 - R
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one‘barrel"is:used‘ shoW*deivioed by the
j” number of barrels. I '

0

. g1"i g "‘)«'\_4-

??Slope of culvert Trf grade‘lepQLVen in
percent, COnVert to slope 1"feetf£oot)

Sl EV3LLk %

d. Allowable headwater depth AHW,“ln feet,

1. e.,‘the vertlcal dlstance from the culvert

N 1nVert (£low line) at’ the entrance to “the
“water surface elevation' permissibleé in the
headwater pool or approach channel upstream
from the culvert tsee Sectlon 6.2, 2).

e i .‘m.w

e. Mean and makimumffloodjvelocities in natural
. ' stream (optional).
"ff Type ‘of culvert, ‘including barrel material,
" barrel cross-sectlonal'shape, and inlet
conflguratlon. ool

T .
N T A e A

w
o
o
'l
vgs
2
o
(1
fis.
ri-
M
P
L
[N
a-
=i
'—I
<
(1
n
t

‘”lftﬁe*fOIIOWiﬁd‘opEioﬁévﬁ«»‘
a;’ Arbitrary-selection. -

*'f‘bﬂ**-AﬁfapproXimatlng‘equatioh such as:

A Voo L (e '1)

.where: ...

A Culvert area, in square feet

e Qo uDesignudischarge, in cfs

1l

v Average velocity, in feet/second
» Inlet.control nomographs for-the culvert type
" selected:(see.appropriate figures in this
“+chapter). -A.trial size::is determined by

' - - assuming ~HWAD, e, g., "HW/D = 1.5, and using
s Lef s .the -given QL ¢ o : '

®

gnR370/003 o T 6=7
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- If the trlal size selected. is. larger than avaii=
able standard culvert srzes or its use is ' '
prohlbrted by other phy51cal limitations (such as
. limited embankment height), multiple culverts may
be used by leldlng the discharge’ equally between
the. number of barrels. It is also possible to
c0n51der ra15lng the embankment helght or using

plpe arch and box culverts with’ w1dth greater than

‘Q tw;ce the height.. ... . .. .

il

'

£,

4 :w FLnd 1nlet and outlet control headwater, HW,

depths for the trlal culvert 512e as follows:

. .
At e

’a L .
SN

Fewdes ¥ae RSN R

'gnR370/003

For lnlet control perform the following

calculatlons (see Section 6.13. 2 for

addltlonal detalls).

(1)

{2)

Use an appropriate”inlet control chart

-, from this.chapter.or HDS-5 and the trial
“,512e from Step 3. to flnd HW. Tailwater,
™, condltlons are. neglected in this-

determlnatlon. HW is found by multi-
plying HW/D, ;obtained from the
nomographs, by the helght of culvert D.

If HW is. .greater. or less than allowable,.
try another trial size until HW is

-acceptable, for inlet control, before

computlng HW for outlet control

_For“outlet control, perform the following
‘calculations (see Section 6.3. 3 for '
‘ addltlonal detalls}

-

Approximate the depth of TW, in feet,
. above: the invert at the outlet for the

design flood condltlon in the outlet.

" -~ -channel.

L2y

If the TW elevation determined above is .

-.equal- to or.greater than the top of the
. culvert:at. the outlet,;set design tail-
"water, DTW, equal. to TW and find HW,

using the following equation and the

6-8
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S HUNTSVILLE==SMM
(_\-‘ _nzapproprlate outlet control ncmcgraph
—_ from this chapter or HDS -5
- .. HY=H+DIW-LS  (6-2)
I ‘; d-.j-'
‘“p”F,HT et HW = Headwater depth for
) | .~ outlet control, in feet

.= Total head loss, obtained.
from the appropriate
foutlet control nomograph
‘.jfrom this chapter or
“fiHDS 5, in feet

DTW = De51gn tallwater, in feet

- w.v’is.;. AN

L = Bar;el length, in feet

Barrel slope, ln.'
feet/foot

P

{3)°1f the Tﬁ*éfgvatlon determined above is
. Aless than the top of. the culvert at the
ﬁfoutlet, find ' HW using Equatlon 6=2,

except that DTW is the greater of the
follow1ng two parameters:.

S U
. d_+D - -
S S T < ‘ . (6w
R R
" ™
; gﬂwhere.-
. : o . h_ = Equivalent hydraulic elev-
s - : _ ation at outlet, in feet

Critical depth, in‘feét
A from HDS=5. .charts,
ﬂ,dupllcated as figures

AT

D)

gnR370/003 .U -6=9




- HUNTSVILLE--SMM

1991
- . listed below). wule:  u
“gannot exceed D. ©

D = Height of culvert

opening, in feet

TW = Downstream tailwafeﬁ
. ‘elevation, in feet

Culvert Type - o Figure
 LfﬁéCtén§ular 6-19
_tircular | . 6-20
Jf ;Q0val--Long Axis Vertical 6-21
.“AMOval-—Long Axis Horizontal 6~22
"" standard CMP Arch 6-23
_ngStructural Plate CMP Arch , 6~24
““Concrete Plpe Arch - 6~25
' 6-26

L ‘“.v‘{(:';.

._.Note: . Headwater depth determined for

‘ffthls condition becomes increasingly less
““adcurate as the headwater computed ‘by
-.this method ﬁa};s”belgg the value:

(6=4)

Height of culvert
opening, in feet

Entrance loss coefficient

Avérage velocity of flow,

‘in' feet/second

‘Acceleration due to grav-
ity, 32.2'feet/second=

Cued S Compare the -headwater values from Step da (1nlet
'””w*control}‘andetep 4b (outlet control). The higher
Lu St headwater governs and 1nd1cates the type of flow

gnR370/003
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A “wcontrolwexistingfunderutheégivenﬁcondrtions for
. +..nthe-trial size and:inlet confiquration“selected.

f;If;outletéccntrolﬂgoVerns-aﬁdwtheeHWéis higher

-osothan theracceptable AHW; iselectra’latger trial
.size:and: find HW .as:ihstructed undervStep 4b.

- ‘ ‘;,'_1‘0 ‘.

If desrred select ‘ans alternate culvert type“or‘

‘follow1ngrpr0cedures ins Section 6 3 4,

(Inlet control does not need to be checked,
because the smaller size should bé.satisfactory-v
for this’control as determined under Step‘4a.)

ot o . 2 v “m TR
HARG [T S Y AL RIS

RPN S

shape and determine size and HW by the above

:s;procedure.

;;QIf the culvert operates under 1nlet=control,$hpﬂ
~design a tapered inlet follow1ng procedures in-

HDS 5, if an 1mproved inlet-is" deszrable. e

If roadway overtopping occurs, calculate capacrty

miel LR Voo sl “g,‘":.aiu.?:':,- et
If storage routlng is conSLdered lmportant
procedures in Chapter!9.:mwss " wial’

Compute outlet velocities .for:the. culvert size: and
types to be considered in selection:: . . £ A

.«a. . If.outlet control governs in. Step- 5,.calcu~

‘late the outlet velocity using: Equatlon 61
If d or TW is less than the height of the

C c__ - . . ‘
.= v culvertibarrel, use :the:cross-sectional area

gnR370/003

corresponding to.d. or: ‘TW: depth,.whichever...
gives the greater area of flow. The total
.cross~sectional.area, A, .of.the culvert

f.kr“.barrel,should,not.be,exceeded.‘g«'

-~

b.i, If.inlet control governs:in.Step 5, the out-

..-let.velocity:.can be..assumed :to equal the mean
~ velocity for -open:channel: flow conditions in’

-«;,;ﬁp‘uthe;barnel;_COmputed‘byﬁManning's Equation.

.- .»{see Chapter:5)..for. the.rate.of flow, barrel-
size, roughness, and slope of culvert :
.selected., . . ... - S '

o e ™
PR
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12. Determine to what extent channel proteotion is
EREAE _;requiredsdownstream-ofrthe,outlett(see“Chapter 5}).
o z-Properlstizedtriprapgis'requiredfae;a;minimum.

,ulg,;'RecordtfinalHselectionwOficulvert:with_size, type,
‘ ...required -headwater, -outlet.velocity, channel
agﬂprotectlon, -and -economic justlflcatlon.

il “ue:ifﬁ RTINS A IS SRR S

.6'3’2' INLET CONTROL tﬁlr:,xqﬁuﬂﬁ,w,

Inlet control charts are presented in thls manual for the
follow1ng standard culvert types'u A B -

e Bigure Numbers
- for Inlet

Standard Culvert Type ... T, .. .Control Charts

Clrcular Concrete Plpe

D : e . 6=3
Circular CMP - ' 65
VConcrete Box - R S F A <£uuf o 6-8
Oval Concrete Plpe-—Long AXlS Horlzontal 6-10
Oval Concrete Plpe--Long AXis Vertlcal ‘ . 6=12
~.CMP Arch. ;.. ... s S 0 N S 6= -13
Structural Plate CMP Arch (18-inch- T ‘ ‘
Corner Radius) - : 6-13

:.Circular’ Pipe with Beveled. Rlng B Y - 8

Concrete Pipe Arch 4agnn-y-»~- ?VT~-%',¥.- S 6~17

Metal pipes . .are not allowed unless- approved by the Engineer ,

‘ of Publlc Works._@. ol c-.;r.-.‘ w b A

.,f' -

;The follow;ng three types of calculatlons can be performed
‘u51ng the 1nlet control charts. S IVINE RV

cdn S I : SR T e :
‘I;V~-To determ;ne thelheadwater;ﬁHW,lgiven Q and size
for eelectedacu1Vert‘typeﬁandﬁinlet configuration:

.a..” Use:a. ‘straightedge. to’ connect theuculvert
s *.diameter or: helght, D,.scale and the dis-
e .charge;, Qj-scale, :or Q/Bforvbox culverts.
4~y3-f”V“NoteWthe point'of intersection of the '
' stralghtedge on the HWﬁD scale marked (1).
. _s VIR T kS L
b, - If the HW/D scale marked {1):= represents the
inlet conflguratlon used, read HW/D on this

. gnR370/003 | V612 .

e
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. 'scale. ' When either of" the’other two ‘inlet
ﬂ:ccnflguratlons "listed on the nomograph is
-used, extend ‘“the polnt ‘of intersection ,
‘obtained-in’ ‘Step "1b’ horlzontally to scale (2)
'or (3) and read HW/D '

Ppe e <
R TITNNE ' . e

c. Compute Hw by multlplylng HW/D by D.

Note: The approach veloc1ty is ‘assumed-to be zero
" by this procedure. If the approach
“rwiin o veloeity' 187 'Considered’ significant, the HW
can be decreased by’ subtractlng the ™™
' veloc1ty head. '
:2;.5‘To determine Q per barrel, glven HW and size for
o0 selected culVert type and 1nlet conflguratlon.

Ca. Compute HW/D for glven condltlons.\

¢ b. Locate HW/D on scale for approprlate 1n1et
L configuration. If scale (2)‘or” (3) 1s usedgl

(1) Lo el AL e T s e

Fo-. @. Use a stralghtedge to connect the p01nt ongﬁ
HW/D"scale” (1)’ “obtained above ‘with’ the‘ o
culvert size on the far left scale. Read Q.
or Q/B at the intersection of thlS 11ne ‘with

"the mlddle dlscharge scale. -

SRR ’“dQl* Tf QIB is read in Step 2c, mulﬁlply by B
- (span- of box culvert) to find Q. " 7"

-0 3w To'determiné “culvert 51ze, ‘given. Q, AHW ' “and typef
of culvert with desired inlet conflguratlon.”"”"

,aa}we Usingwa*trial eize}‘coﬁpute”HWfD;“

rLocate: HW/D on the scale for ‘the approprlate
w‘”:mlet conflguratlon.- If scale (2) or (3) is
-used,.’ extend the HW/D p01nt horlzontally to
scale (1) gt

‘v Use. a stralghtedge~to connect the' polnt ‘on
*’HW/D scale ‘(1) ‘obtained. above with the given

gnR370/003 ‘ ‘ =13 E ‘ jgf:gé
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. discharge on the middle scale. Read aiame-
N “ter, helght, or srze of culvert required at
' the 1ntersectlon of thls ‘line with the
',fculvert 51ze scale on the far left.
d. If D is not as orlglnally assumed, repeat
é,procedure w1th a. new: D. ' :

\\\\\\

6.3.3 OUTLET CONTROL;

EORS I Lt TS O B P s e :
!Outlet control charts Aare, presented Ln thls manual for the

follow1ng standard culVert types.f{

P A T
St e

Figure Numbers

: Cae o h ... e for
’ D e e .o Outlet Control
Standard Culvert Type Charts
Circular Concrete Pipe , 6-4
Circular e . - “:P;,WW R - 6-6
Structural .Plate CMP B Ry 6=~7
Concrete Boxr." - e b wr e el 6-9
oval Concrete’ Plpe--Long Axls Horlzontal or
Vertical . . , ' 6~11
CMP Arch o ' ' x . 6=14
Structural Plate CMP Arch (18 lnch Corner : ‘
Radlus) f ) R Nt ,fsj;aw 6-15
Concrete Plpe Arch .. ”f,= g oL - 6-18

All culverts shall be constructed usrng relnforced concrete
- pipe unless alternate materials are approved by . the Englneer
of Public Works.ﬂ. S -

The follow;ng steps .outline the use of; the ;outlet control
charts'”f:;,, N S S P SR PR

1. To determine H, for a g;xen;qulyert;andhcz
a. Locate the. approprlate nomograph for the type
o of culvert selected. Find the entrance loss

 1coeff'c;ent, ke for the 1nlet conflguratlon
“using data from Table 6~ S

“h;Ji;Begln Jhomograph. solutlon by locating the
‘ repproper startlng polnt on; the“length scale:

. gnR370/003 | . 6-14




()

 gnR370/003 | - 6-15

'jk}l)r)lf the n value of ‘the nomograph corre-
" - 'sponds to that of the culvert being .
used, select the Proper length curve for
an assigned k . wvalue and locate the
- starting point at the given culvert.
f:length 'If a curve is not shown for the
:fiseiected k_, see (2) below. If the n
‘value ‘for the culvert selected differs
“from that of the nomograph chart, see
(3) below.-.

L]

(2)“”For the n value of the nomograph and a
: k_intermediate between the scales
_"glven,‘connect the given length on
~ 'adjacent scales by a straight line and
""" gelect a point on this line spaced
‘between the two scales in. proportion to
‘the k values.

”i“YB)ﬂﬂFor a dlfferent roughness coeff1c1ent,
Y " n., than that of the chart n, use the
length scales shown with an adjusted
l”'gt Ly calculated as:

-2

Aﬁ%”ﬁ:fﬁ'iL” =L 1L _ - (6=5)

(See Step 2 for n vaiues)

:Eﬁ:%;Use a. stralghtedge to connect the p01nt on.

"~ the length scale to the size of the culvert
. . barrel and mark the po;ntvof,cr0551ngmon the

“wein . :.i:.. turning line. -See;Step 3.for size consider-

ations for a rectangular box culvert.

‘Wd}'. éivetttheHétreightedgeﬂohfthis point on the
turning line and connect with the given

Ve e ,ose oo -Glscharge rate.. For multiple barrels, divide

Wi er .. w,:-Qby.the numbex of: barrels.before. using the

| .+ .nomograph, Read:head. in feet on the H scale
.+ located,on the, far right.. For values beyond
.»the.limit.of the printed. scales, find H by
solm;ng the -equations: .

P AV shafals e e RTINSO SRR T S PR




HUNTSVILLE=~~5MM

| | o2 |
. 222_2 v- -
 ‘ ﬁ1)f?I = [l-f h 1 33} 73 {6-6)
whete. ' R

Total head loss, or the
elevatlon difference between
o - HW and DTW, in feet (see
Jijh.,fwfhﬂﬂ: “f;‘ﬁﬁagugews -2 for sketch)

"m*:_g
W :

' Entrance loss coefficient (see
Table 6=1) ..

k)
]

EtiﬁiéﬁMéhning{s roughness
""" coefficient (see appropriate
""" culvert  nomograph)

" L'= Birrel length, in feet

R = Hydraulic radius of the
"f‘"ﬁcdlvert, ln”feet'

IS IV I
af:”'j“;f”?fﬁlfﬁ'éfAverage velocity of flow, in
ST S ‘;Efeet/second -

B g;=TAcceleratioh due to gravity,
- 32.2 feet/second2

'Values of n, whlch are the ba51s for the nemo-.

e graphs, are. presented on each nomograph.

‘fvTo use:. the box culvert ncmograph (Figure 6- 9) for
”full flow for- other than the conflguratlons shown.

u( e

a. Compute cross-sect1onal area of the

gnR370/003

isrectangular box. " -

T R R E N PR TS O

. @;NJ.(see Step 1)-on: thellength scale to the barrel

. -area and: mark:thé point-on the turning line.

‘Note- that: the area 'scale on’the nomograph is

wﬂcalculated fori'barrel- ‘cross’'sections with

. span B twice. the’ height D;-'its close corre-
spondence with the area of square boxes

.e§916

O
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ensures. that it may be used for all sections
intermediate between Square and B = 2D or B =
RS '1/2D."" 'For-other 'box proportrons, use
e .mequatlon 6 6 for more accurate results.

- . . daoowd i
LT S S AN X Lo

6 3.4 ROADWAY OVERTOPPING

. o .
LAl RGP RS RN PR L VL ST TP A ,.ua‘n-h e R

The everall perﬁormance ‘curve- for roadway overtopplng can be
'.determined by performlng ‘the following steps"“"=

1. Select a range of flow rateéfaﬁd”deterﬁfﬁe the
corresponding headwater elevations for the culvert
flow alone.” “These -flow ' rates should fall. abovelit

: and below the design discharge and cover the

-~ .entire-flow:range of interest. 'Both inlet and "
outlet control headwaters should 'be ‘calculated”
(see Sections 6.3.2 and 6.3;3).

2. Combine the inlet and outlet control performance’
curves to define a 51ngle performance curve for
the culvert.

3. When the culvert: headwater elevatlons exceed the
roadway crest elevatlon, overtopplng will begln.
Calculate the equlvalent upstream water surface

. 'depth above the roadway f{crest of’welr) for each
.selected flow rate. Use these water surface
depths and the follow;ng equation to ‘calculate
flow rates across the roadway:

| 1.5 o | |

4 %4 Q- = . Overtopping flow rate, in cfs- ot

C. =K. = Discharge coeffici
a = ,t Cr Dlech grl3 efficient

=
It

Submergence factor (from Figure 6~ 27,
Part C)

i
}

a
]

. Unsubmerged ulscharge coeff1c1ent (fromu
ltedonw i I' Flgure 6"27 PartjA or B) Lo

gnR370/003 , 6=-17
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W=

4. Add the
. flow at
obtain t

6.3.5 EXAMPLE PRO

Cu'

Length of roadway crest, in feet

Upstream depth, measured from the

-r
gugiroadway crest to,the . water surface

upstream of the weir drawdown, in feet

*""‘. ARYEN ,v’.'“‘—"

culvert flow and the roadway overtopplng
the corresponding headwaterhelevatlonSeto
he overall ‘culvert: performance curve.

BLEM .-, .7 . il At

ey Y S AL SR LA SRS N

DO

‘Eﬁempie‘tel. ;CircﬁlarmConcretenCulvert R

PR PR

leen the followzng data, deSLgn a concrete plpe culvert
using approprlate nomograph5° T S S DD

Q

. 25-year TW

100~year TW

- Entrance type
0.0l12.

1. Select a.

25

2 10 teet .

'160 cfs
ca0ets
= 200 feet

T U R [N S

hO 01 foot/footj~

;"-.l_,r it

3.5 feet

4.0 feet

lege'Squarejedée‘with-headwall, n =

c N

trial culvert srze aSsumlng HW/D = 1.5;

.therefore.

D=5 =15 =667 feet

Try a 72-inch concrete plpe.

2. Plnd the

actual headwater depth for the ! trlal

culvert size.

gnR370/003
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gnR370/003

IR A
L L HW/D.= 1,70

L R P

fi; From Table S6= l,-k( =..0.,
' lnches, yleldlng 8c = 3.6 feet (Figure 6-20).

" From Flgure 6—4 fﬁi

RSN {13

For lnlet control, using Flgure 6«3, w'= tou
cfs, D =72 inches, gives HW/D = 0.8S5.

QTQ;ES)(G.O)‘=Q5;i;feet“
Since 5 1 feet is cons;derably less than the
AHW. of 10 feet, try @ 60-inch concrete plpe,

‘whlch vields HW/D = 1.23 {£from. Flgure 6-3).

“HW (1.23)(5.0) = 6.15 feet

foa agy ot e satedawl

220gcfs,5D =,60. 1nches, yleldlng -

HW ii:?bi{é;b)wéhs;swfeet'

uf;For outlet:control, us;ng:Flgures 6-4 and
'6~20, TW ="3.5 and 4.0 is less than D = 5.0
. afee't' . .-_.i:,‘ B T T AL T o v

IUESRNTEL B P RN

LTSI R A

s, Q;-glao cfs, D = 60

LRI,
fa “x‘

3181nce d’*ls less than D = 5.0 feet, ho'is

determlﬁed us;ng Equatlon 6=-3:

1! L Lra

R =..:i.h = 3.6

» + 5.0 _
o ?!f,d_ 5 .

=4 .3 feet

-2:ifﬁegtﬂifﬂsing

Equatlon 6-2:

" HW

2.2 + 4.3 = (0.01) (200) = 4.5 feet

Q = 220 cfs, D = 60 inches,
gives dc = 4.2 feet (Figure 6-20).

"Since d is less than D = 5.0 feet, hofis

. C . .
determined using Equation 6-3:

h o= 4:2+5.0

o 2 = 4.6 feet

. From Flgure 6~ 4, H= 14,2 feet.  Using

Equation 6-2:
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T B =42 4ane - ~ (0.01) (200) = 600 feet
c. Flow t.. Headwater (feet)
o {efs)” - - Inlet Control Outlet Control
sutl U160 FT e gL1s 4.5
i ST a2200 0 v gis0 e 6.8
7 Slnce the headwater depths for inlet control
< arev greatest under both Q and Q flow
conditions, inlet control governs QEOW
‘ through the culvert. :
3. A 54~-inch plpe would ‘be adequate for Q._, but
T 51nce HW 10 8 for 0100 1t 1s not seiected
4. Compute the outlet Veloc1ty. ‘Since the culvert
will operate under inlet control, use. Manning' s
El Equatlon as’ expressed by Equatlon 5-~5:
0592 2/3 1/2
'{:Ta—ﬁz—;‘s-“" e (0-01 70
v =14.4" feet/second '
';aSane thls veloc1ty exceeds perm1551ble veloc;tlesf,
for bare soil (see. Table 5= 2), ‘erosion protectlon
218 required’ (see Chapter 10) "
6~20

gnR370/003
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Table 6=1

CULVERT ENTRANCE LOSS COEFFICIENTS

Pipe, CONCIEte = .owimsmamusiimipmn i

Pipe or Pipe Arch Corrugated Metal ft@w

Projecting from £ill, socket‘end“(groove*endr e,

g

Projecting from £i11,- sq,.cut end

Headwall or headwall. and:wingwalls o ‘;'

_ Socket end of pipe (groove-end)
Square»edge — e g

Entrance

] Coefficient,.ke

Rounded (radius = 1/12D) _Mjrw;gﬁ,,fe
Mitered to conform to fill slope g :
End-section conforming to fill slope

- Beveled edges, 33.7° or 45° bevels-

Side- or slopedtapered inlet

‘End~section conforming. to»fxllwslope;;f}
Side- or slope-tapered inlet

Bok, Reinforced Concrete

Pro;ecting from £ill (no headwall) ';

Headwall or headwall and wingwalls quare-edge

Mitered to conform to f£ill slope, paved or
unpaved slope’

Y

Beveled edges, 33,.7° or 45° bevels -

' Wingwalls~at 30° -to 75° to barrel

' Side- or slope-tapered inlet

n Tt eh

Headwall parallel to “embankment (no wingwalls)
Square-edged on 3 edges
Rounded- on- 3-edges-to-radius- of 1/12 barrel
dimension, or beveled edges on 3»51des

Square—edged at ‘erown” ‘“““““. v
Crown edge” rounded to radius of 1/12 barrel'
dimens:on, .or beveled top edge : f‘
Wingwall at 10° to 25° to barrel -ﬁ
Square-edged at crown S
Wingwalls" parallel (exterision .of. sidesp” el
.Square-edged.at crown Pl

L mmm mones e et e S U S

Reference: USDOT, PHWA, HDS-5 (1985r. e

[« 3 = 2
L ]
vt

OO0 00000
-
[ SIE SENE L XS Y, iy 8

@vEnd SECtan conforming to £il11 slope," made of either metal or
concrete, is the section .commonly avallable
" limited hydraulic tests, the sectionsl: are .equivalént in operation to a
headwall in both .inlet and ocutlet control.'
incorporate a closed taper in their- desagn have a2 superior hydraulic
performance.

rpm menufacturers. From -

End sections that
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1. Hydrologic Analysis

PR . P
. 2. Culvert Data - C

Tabulation

T s “F‘;" ",l,,m::ﬂu‘ oI L e

3. Select Trial Cuivert

t g

4. Inlet "
Controt
Calcuiationa S

) i

. N 5. Identify
o Type of Control.

6. Acceptable No. . S A [ S
Headwater J .
?
o ot IUEVRCRRINS 1 -
R r

Yes

Yes -
‘Tapered Inist o
i et Design e [ -
B [T S f‘lj"t e ‘I:
. T ; .‘;
= " ;— o o N
[ Overicpping -
. : Lo © el Analysis oo s
. !
- O bl "
- SR N NP R
_|.. ! Storage Routing . [ -, .
.1 Analysis )
. REREIC TS § . (SRS
R {
] 11. Compute Cutlet . o T
- . Velocities . ! i
{ 12.:Determine Channet ... .
PR R Protection Reguirements .. . =
,IG-L‘;??;“'KC'&'KK. R l : : Lo
BT ‘ g .

13. Design
Documentation

‘ . "FIGURE 6-1
General Culvert Design-Flow Chart




“Culvért Design Form

PROJECT: . & . ; 1 stavion: . CULVERT DESIGN FOh:M
T N - DESIONER /DATE: ___
¥ kS = .71 SHEET __- Pl oF .- D .E -
_ 1 ; , . newswsarmtt -
_ ~_HYDROLOGICAL DATA 'ROADWAY. ELEVATION : '
E .: O wewnoo: AL e T : '
e * O oranace .mu O sTrReam siope__ ——
: a fro A
§ 1 cranner suap :: .
- LR ‘-’?:Li R -‘i .;) A
Y [0 routine: 1 “oruEn ’ :
DESIGN FLOWS/TAILWATER
i .t (YEARS FLOWIc winy -
=y R : ) ¢ -l- Twin) 3 S8, nuu e, .
‘l‘gf s = .
% et B
; CULVERT DESCRIPTION: FLow *: HEADWATER CALCULATIONS JEE
MATERIAL - SHAPE - SIZE - ENTRANCE _ 2 OUTLEY CONTROL EEE 32 -
i - HWi/D | uwy [FaLL fELa | TW | . (9D Ry [ia, H [ELy, |BSN]5Q” L L
- E‘ : [¢]] 14) 13) 2 i3} {7} {8} uX¥w|d> ¥
- ¥ -, !
T : s -5.% 4 Y EETTRA FeEs ‘i £ 3 e ) 4k i
“ JECHNICAL FOOTNOTES: (43 ELye W, EL (INVERT 'orrf 'usl No TW ar u,.nrmwmcnsvﬁn IS GREATER) =
lll USE Q/NB FOR BOX CULVERTS INLET CONTROL 5“"‘”" 11 n-[. sy (2942 1) 7RSS :l virzg :
_ i
tzl HW, /D + HW /D OR HW,/D FHOM DESIGN CHAMS . 151 TW BASED ON DOWN STREAM " (o) ELpo® EL e Ho by
- CONTROL OR FLOW BEPIHIN : .
‘gaa FALL * HW, -ln.,,,,- €Ly}, FALLIS TERD CIIANNEL.
: FOR QLVERTS OK GRADE - o LT :
SUBSCRIPT DEFINITIONS : . couueurs / mscusswu v ' * CULVERT nmm-:l. SELECTED: T ¢ I8
© @ APPRONIMATE™ ~ 77 ™~ e B B T T e T T T s T
.1 CULVERT FACE St m o $ize:
; b DESIGH HEADWATER . B R A =24
HEADWATER |H INLET CONTROL ! SHAPE.,
HEADWATER IN OUTLET CONTRDL
mL;,ltE(‘:_mmn. SECTION - MAVERIAL : n
CUVE FaAC g
A T CULVERT Face ENTRANCE' ) T
" Reference: usoo-r_—FHwA;Hos.snggs_-'~~;-~r~w=«-~»~-»w-~ g e e - - e koo e s e e F IGURE 6'2
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'-of the dralnage sxstem,sas,follows,

-,Pavement floodlng shall not exceed the spread spec1f1ed in°

HUNTSVILLE-SMM o | 981

' Chapter 7 e e
GUTTER AND INLET HYDRAULICS o
o e e B e
sl DESIGN» CRIFERTA "
The follow1ng “design” crlterla are‘faEto%g‘t%JEon51der For’

R R R R R T o 1 St

gutter and inlet capacity’ calculations:

1. - Return period
2. - Spread et
3, " "Manning’s n valﬁes*;“
Longltudlnaljslope'“
Cross slope -

Curb and gutter sections
- Inlet spacing
iRoad51de ditches”

o Brldge decks‘f‘cd

- The design storm return perlod for. pavement dralnage shall

be consistent with the value selected“for other“components
E h g aw*,

%] n) F

Jm“Major Collectors o ‘
ﬂijlnor Collectors ﬂjw””
““Re51dent1al and Lo

;o" b 'r }42«

Spread 1s deflned .as the width of water transportedwon the‘

'pavement measured from the face of the curb. JFor roadways,;f,
. o du lngi%he design "

ftotai lane wrdth

m.u LT

allowed. o - RN St o
gnR370A/002_0314 o 7-1 N
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7.1.3 NNING’S n_ VALUES .

Curb and gutter flow characteristics,.including spread,
shall be calculated u51ng a. mlnlmum Manning’s n value of
0.016. Higher design™n “values® ‘may be required by the
Engineer of Publlc Works .where small slope, unusUal o
roughness,‘or‘sedlment are present ' . '

LTS

7.1.4 LONGITUDINAL SLOPE R e

Curb and gutter 1ong1tud1nal slopes ‘shall not‘exCeed
12 percent or fall below 1/2 of 1 percent. R

7.1.5 ROS§ SLOPE . ... et e

The design of pavement cross slope on re51dent1al streets
shall conform to .the standard roadWay sectlons prov1ded in
the standard drawings {see Appendix 3, ‘bound” separately)
Shoulders should generally be sloped to drain away. from the
pavement, except with raised, narrow medians: "t

7'1f6'”CURB AND' GUTTER SECTIONS "t:ffi:ff_ﬁfj_“’fiﬁff*’”

DETPUIEE ) g8

Concrete curb and gutter at' the out51de edge of’ pavements is
normal practlce for urban roadway fac111t1es. Comblnatlon
curb and” gutter~sect10ns nay be 2.0 ‘or 2.5 feet' wide with

a 1-inch per foot cross slope for the gutter portlon of - the
section conslstent with the* standard draw1ngs (see Appendix
3, bound separately) Curb and gutter capa01t1es for
conveying pavement drainage to. the stormwater inlets must be
considered in“the design. of the roadway. "Alléwable gutter
flow rates shall:be based on a gutter cross slope of .

0.5 inéh per“foét to’ account for pOSSlble debrls and |
sediment accumulatlon.‘ '

7.1.7 INLET SPACING

Inlets shall be 1ocated or. Spaced so that at least 80 per—ib
cent’ ~6f ' the gutter flow is 1ntercapted (i. e., no. more than ﬁ

20 percént‘éf the gutter flow may bypass ‘the’ inlet). The

,,,,

w1thout a Type - 1nlet shall ke 300 feet.'“

gnR370A/002_0314 o720
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. be allowedlw1thln the radii; at- street 1ntersect1ons-‘”

'7.1.8 " ROADSIDE DITCHES

‘All new roadways will require curb and gutter to conform

+ should be 1ntercepted by dltches.”'

‘roadway, (see Chapter 3, Sectlon 3. 6) ..

'HUNTSVILLE=SMM - I el a1991

“No flow will be allowed to .cross 1ntersect1ng streets unless

approved by Engineer of Public Works. curb inlets will not

. : T
N TR oo
1y % Y e Vet

“, Yard inlets shall be desxgned to 1ntercept the total design

flow approaching the inlet. Standard, .grated structures may
be used, but open-top structures: w1ll not be allowed..

SIS N

with the Subdivision: Regulatlons of ‘the’ Clty of Huntsville,

~unless curb. and gutter lnstallatlon is, exempted by the

Planning Comm1551on. Where " road51de ditches are approved
along -the roadwax by:the Engineer of.Public Works, the
de51gn criteria shall conform to the standard ‘roadway

. sections as- shown in theévstandard: draw1ngs (see Appendix 3,
"bound separately) Where practlcable, the flow from

upgradlent ‘areas: dralnlng ‘toward curbed’ hlghway pavements

[ O I T A
- -.J‘ P A PP T

. .o
Ly l“ Wb

Road51de dltches can be used w1th uncurbed roadwag sectlons.

to’ convey pavement runoff and upgradlent area runoff that
drains toward the pavement. They:can be’used. dniéutisec=1 .
tions, depressed sectlons, and other’ locatlons where
sufficient-” rlght-ofaway is” avallable and™ erVeways or* T
intersections are infrequent.”” Roadside ditches” AT Be
sized using open. channel h draullc procedures presented.ln

"Chapter 5. .Roadside. dralnage ‘structires shall be: de51gned

to. mlnlmlze hazards to vehlcles -that leave .the . traveled

7. 1 9 RIDGE DECK

S

,Dralnage of brldge decks ‘is 51m11ar to other curbed roadway

sectlons._ It is often Jess eff1c1ent ‘because cross slopes
are’ flatter, parapets collect debrls,,and small lnlets ‘'on
scuppers .have a- hlgher potentlal for clogglng than curb-
openlng 1nlets.%aBr1dge deck. constructlbllmtymusually
requires a constant cross slope, so. the guldellnes in
Section 7.1.5.do not apply.~ Because:of.the" dlffldulties in

‘proV1d1ng~and malntalnlngﬁadequate ‘deck ‘drainage’ systems,.

gutter flow from roadways shall be lntercepted before it
reaches a brldge. : :

gnR370A/002_0314 _ 7-3 .
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7.2 UTTER ELOW CALCULATION

The follOW1ng form of Mannlng s Equatlon ‘shall~be" used to
evaluate gutter flow hydraullcs.

RSN R N SRR S

L {#5:3 Aty 1» *2 é ‘3‘ -‘1 - '- L e -"'.lfr, v L )-\ Y “ ‘
1m'sx/"‘ - S'/n : “ ."'T."-‘ {r - _» sl ™ T (7-1) T

Mannlng s roughness coeff1c1ent

IYAR ! h ,‘.r :,
Wt g R

Pavement cross slope, in~ feet/foot R

[

n-
S

“fi:QS Longltudlnal slope, -in feetgfoot
‘T W1dth of flow or spread, ln feet#‘*

ﬁ'A nomograph for solvlng Equatlon 741 'is’ presented 1n

Figure 7-1. Mannlng s n values for varlous pavement

surfaces are presented 1n Table 7= 1. T
R AR T Taow LT 'u [ ‘lil,"-‘ REEEEN A

2 UNIFORM CROSS. SLOPES ,wku.;‘;«

T
The nomograph in. Flgure 7 1 1s used w1th the follow1ng
procedures to f1nd gutter capac1ty for unlform CLoess. slopes-

e

Flnd spread, glven gutter flow.”Tﬁ s

AT

1. Determine 1nput parameters, 1nclud1ng longltudlnall
slope, S, cross- slope, , gutter:flow, 'Q, and-
‘Manning’s n.

2. Draw a line between the S and lescales and note
‘Where 1t 1ntersects the turnlng llne.p‘ el

*]3. Draw a 11ne between the 1ntersectlon po;nt from
‘ Step 2“and"the’ ‘appropriate gutter'flow value on‘

- the- capacmty scale.‘ I Manning”s n:is 0% 016, “use’

*Q from- Step*l, 1f -not, use the product of Q and ‘N

- . ----:vr L AR ,-;

;4;ﬂ”,Read the value of the spread T, at:the 1ntersec-l
tlon of the llne from Step 3. and the spread scale.

gnR370A/002_0314 o 7=4
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: . . Condition 2: Find gutter flow, glven spread.
1.“ Determlne 1nput parameters, 1nclud1ng longltudlnalr
:.slope, §,. cross. slope, S e -spread,..T,. and
Manning's n. e g

2, Draw a line between the. 8 and Sx scales and note
where it intersects the turnlng llne.‘

ST . , -

) ,B.ﬂ, Draw a. llne between the 1ntersectlon polnt from
Step 2 and the appropriate” value_on the T scale.’

- . Read-the value of Q:or.-Qn from:the intersection cf
.« . that line on: the)capacity.scale. = ...

" 4.. . For Manning's .n values cf401016,@the,gutter .
.capacity,:Q, from Step.:3.is selected.  For other
Manning"s n values, the gutter capac1ty times n,
Qn, is selected from Step 3 and divided by the

‘~;appropr1ate n value to give. the- gutter capac1ty.

f7=2 2 STANDARD GUTTER SECTIONS e \angﬁxwwf¥;

(:) ‘ Allowable capacity. data- for. Huntsville :standard.: curb “and
_gutter .for residential-: pavement sectlons ‘are: presented in
Table -7-2. . .Table-7-2 provides- .allowable .gutter: capacities
for 2.5~ foot curb and gutter section using a res;dentlal ‘
pavement cross.slope of.0.0256; footffoot and: a maximum. .
spread of 10 feet. These capacity data shall also be Tised
for 2.0-foot curb.and gutter section. When-the:roadway or
“longltudlnal slope is known, the allowable gutter capacity
can be. .estimated. dlrectly from Table 7= 2. -

7.5.3 . COMPOSITE. GUTTER. SECTIONS .

Flgure - -2 can.be. used to- flnd the ; flow din:any. compos;te
gutter, sectlon w;th w1dth, W,=«less than. the.total Spread T.
The followrng _steps are used‘to evaluate any comp051te
gutter sectlon- : - .

T L L F
e e e

‘Condition 1s. Find spread, grven gutter flow.;-p

1. Determlne 1npdt parameters, lncludlng longltudlnal -
' : slope, 5, cross slope, S_, depressed section.
(:? - C ,;;slope, s. W' depressed secﬁlon wmdth, W Mannlng s

gnR370A/002 .7=5
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n, gutter flow,:Q, and a trial value' of :the gutter
capac;ty above the depressed sectlon, Qs.

2.:tha1culate.the gutter flow 1n w, Q “r u51ng the
equatlon AT

RN . C T%uﬁgf4~'Qi7- Q-- Q : ’«ﬁ7‘ - (7=2)
3. Calculate the ratlos Qw/Q or . Eo and g /Sx and use
EUEN ﬂ:fFlgure 7 2 to flnd an.- approprlate value of W/T.
uf;v4;v;~Calculate>the spread, T, by dlvrdlng the depressed
section.width, W, by-the value.-of W/T.from Step 3.

‘ 5. ..Find the spread above the depressed section, T _,
e e by subtractlng W from the value of T obtalned fn
' : TStep 4. AT Lo =

T e : T Use the value of T from Step 5 along with Mann-
| ing's n, S, and S _"to find the actual value of Q
from Figure 7-1 (sSee-Section 7.2.1, Condition 2).

éh;?;ﬂLfComparejthewvaluefof.Qéifromlstepiﬁbto the: trial
‘ ..-value-from Stepsl.::If values-are-not comparable,
»selectlaﬂnewyvalue?ofJQé and return.to Step'l.- -

Condition 2: - Find:gutterﬁflow;“giveu spread.”-

.. .-1. - 'Determine input-parameters, including spread, T,
" -spread .above ‘the depressed section, T., cross
slope, si;JIOngitudinal*slopeiis}fdepressedﬁ‘“'
'section .slope, S , depressed section. width, W,
Manning's 'n, and.depth :of gutter. flow,.d.

'52.ﬂijse{Figure$ﬂ%13to:determihe“the}capacity of the
‘u;l-gutter”sectron'abbve the- depresSed‘section;'Q;;L
v Use the procedure ‘in Sectlon 7.2. 1,.Cond1tlon 2,
substituting T for T. ' i i
3, Calculategthe'ratios“WIT‘and'S'/S‘, and from..
. witx
N Figure 7- -2, find the approprlate value of E (the
--*.,«“;.;‘r;‘:.:-.:; U (,ratlo_»of Q £Q)t 1 R :

e o M-m - R :
f%Calculate the- total gutter flow using the
equatlon.

gnR370A/002 -6
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SRR AL R DR 5

Lo
II

gutter,flow rate,winhcfs .

Lo e P s I 'lk_k

Tmi;‘piﬂ“”fb “%_Flow capacrty of the gutter section
e ST apove the' depressed sectlon, in cfs

‘1
o ||

Ratlo of frontal flow to total gutter
flow (Q /QI, obtalnedffrom Figure 7-3

-
ot

4z 0

5. Calculate the gutter flow“in‘w,-Q&;fwith Equation 7-2.

L

" 903" CURB-OPENING INLETS
Curb-opening inlets are relatively free of clogging problems
ané offer little lnterferenge to traffic operatlon. They
are” preferable to grates in traftlc lanes or ‘where grates
w0uld be hazardous for pedestrxans or blcycllsts. Procedures
to determlne the capac;ty of curb-openlng lnlets placed on-

LT T

continusus” grade and” at sump locations are’ presented below.

7301 CONTIﬁﬁIE)fJ’é GnADE#'TYPE‘" s

Table 7-3 provrdes allowable gutter flow, lnlet intercept,
“‘and: bypass ‘estimatés’ for the” Huntsvrlle 2 5-foot curb and
gutter on residentiil’ streets and Type 8" curb—openlng inlet
on a continuous grade., The estimates ‘are based on the
typical sections presented in the standard draw1ngs (see’
Appendlx 3, bound separately),_usrng the general procedure
for Curb-openlng lnlets presented below.h“:J T

Up to roacway slopes of 6 percent “¢he Type S 1nlet has .
suff1c1ent capacrty to handle allowable gutter flow wrth a
maX1mum pread of 10 feet and a bypass of 20" percent "for "the
curb and gutter section.,’ ‘Above’ thls slope, “the™"

‘allowable gutter flow ‘is controlled by ‘a. maxrmum of 20 per-

cent bypass and the’ spread ‘must ‘be adjusted accordlngly. -

‘7.3.2 CONTINUQUS GRADE-—GENERAL‘ B S ST

;érb openlng requlred for total lnterceptlon
of gutter flow cén "be estlmated for general ‘conditions using

gnR370A/002 ' ey
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‘7.3;3ijUMp CONDITIONS

~Figure 7-3. The eff1c1ency of inlets that are shorter than
" the length required: for total interception can be evaluated
using Figure 7-4. Steps for using these figures are given
below: S I |

1. “Determine input parameters, including cross slope,
~rsx' longltudlnal slope, S, Manning's n, spread, T,
N ;openlng length, L, and gutter flow, Q (see

‘m“"Sectlon 7.2y,

e ,EjDraw a line between the n and S scales on
T “”“Flgure 7-3 and note where it intersects the left

., turning line.

3. Draw a line between the intersection point from
Step 2 and. the approprlate value on the S_ scale
- and note where it lntersects the right turning
,llne. B : v
'f‘e{,f,rDraw a llne between the lntersectlon p01nt from
T “'Step 3 and the’ approprlate value on. the Q. scale
- 'ana obtaln the: value of curb openlng length LT
¥ :?requlred for total 1ntercept10n of gutter flow.

5. If L is less than L find the ratlo L/LT and ‘use
Figure 7-4 to find the 1nlet eff1c1ency, E.

; ”éltifCalculate the . 1ntercepted flow;¢Ql aS the ProduCt_

i:of E and, total gutter’ flow, Qe

ST RS

(3 G T e N,

A curb—openlng 1nlet 1ocated Ain, sump condltlons operates as
a welr to depths equal to ‘the curb—openlng helght and ‘as an
orlflce ,at depths greater than 1.4 tlmes the openlng helght,
h.‘ At depths between 1. 0 and l 4 tlmes h, the flow 1s 1n a

“transltlon stage.f Flgures 7 5 and 7 -6- prov;de graph1ca1

“bsolutlons to “the weir . and orlflce equatlons for depressed
~and non-depressed curb openlng 1nlets, respectlvely.; Steps

mfor u51ng these flgures are glven below.ﬂm"

. e
T Mo

QJ[.,@L&

kDepressed Conditions C

Tameas 2T e S

: (1. Determlne lnput parameters, including openlndli
Liat g, 5‘,"5" .
§ length L, depressed openlng helght,_h cross o

gnR370A/002 .. 7-8
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SlOPe.\ depress;on, a,. depressron width, W, and
gutter spread, T, N

)

Vane . [R— .‘—"l‘

fTZi Determlne the depth of gutter flow u51ng the

follow1ng equatlon. e 4.w,ggh
: . "d = TSX ' "‘{7"'4)
,@mwhere; l
LT e Depth of gutter. flow, in feet
. ‘f%:% Gutter*spreedlfr;:feet
| Sﬁ:? Croesnelope, Qh feet/foot

'_3,,} Ca1¢ulate theAdepth of, flowéaboye-thefbottom lip
~0f the depressed openlng, 4,,:.using the following
-equation: . I :

| "f*'ﬁl ‘e, =d+a/12 (7-5)
o . - where : ) T e , o . T s

SRR S A PR e o
#»=.Depth of..flow above. the bottom lip
:yofetheadepressed opening, in feet

K-
'u

Depth of gutter flow,_ln feet, from
Step 2 . e

R T aﬂ-fDepth of dEPIeSSlon, in: feet
_t,v-:ﬂr,,ﬁlfpthe;value of d from Step 3. is. 1ess than or
.. inev.. -equal.to.the depréssed .opening height,; h, use the
o WeLr flow «curves at, the bottom of .Figure 7-5 to

ﬁlnd 1nlet .capacity, Q.. Enter. the.,y-axis with the
value 0of 4 from Step 2, run:a, horlzontal line to
the rlght, and slocate. the 1ntersectlon with the
appropr;ate value 0f P = L +.1.8W.; From that
point of lntersectlon, run a vertical line

o .+ ...downward. to.obtain. the 1nlet capaclty, Q.

C

,EIﬁﬁthemvalue of d from Step 3 1s greater than or
equal-to.1.4 t;mes ‘the: depressed opening height,
.h,zuse the orlflce flow curves.at -the. «top of

gnR3704/002 . 7-9
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... Figure'7-5 to-find the inlet capacity, Q. Enter
the y-axis with the value:of -d, “from -Step 3, run a
horizontal line to the right, and locate the:

n.intersection with. the appropriate-values of A = hL
and h. From that point of.‘intersection, run a
vertical line downward to obtain the inlet
capaczty, Q. g#~ ‘

6. If the value of d from Step 3 is between 1. 0 and
1.4 times the depressed opening height, h, transi-

.tion.flow. exists. Draw a curve representing the
transition between weir and orifice flow for the
appropriate values 'of P =L + 1.8W and A = hL and
obtain the capacity, Q, from the lntersectlon of

" ‘that curve with the -value of d

v 7.7 To"find +the -depth reQuired*to handle a desired

oL .. & inlet capacity,.Q, enter the.x-axis of Figure 7-5
with the value of Q and use the -appropriate curve
to find the depth on the y-axis.-

Undepressed Conditions

1. Determine input parameters, including opening
Ut length, 'L, undepressed -opening ‘height, h, cross
- slope, Sii"andwgutter*Sp:ead,:T,'

2. - Determine ‘the depth of gutter flow, d, using
Equation 7-4. = : .

3. If the value of.d from .Step 2 is less than or
' equal to the undepressed opening height, h, use
.+ ‘the weir flow curves at.the bottom’ 'of Figure .7-6
. te:find inlet capacity, Q.- Enter ‘the .y-axis with
e - the’ value'of‘d, run-a horizontal line«to the
PR <" right, ' and 1ocate the: 1ntersect10n ‘with the
! ”~i*.7rappropr1ate value of ‘L. From ‘that pomnt of
SR Lntersectlon, run ‘a’vertieal Yine -downward to
e ﬁ}obtaln the lnlet capa01ty, Q.fkw~“ﬁ?“

4. - If the value ‘of d from: Step 2 is'greater than or
‘equal to 1.4 times the undepressed cpening height,
s, USE the ‘orifice"” flow curves at‘the top-of
Ldigani peFigure 7-6 40 find inlet”capacity, Q. Enter the
o eryeaxis -with the valueé:of d, run a-horizontal line

gnR370A/002 , i 7a1g e
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R to the rlght, .and. locate the lntersectlon with the
‘ QQapproprxate value of A = hL.and. h.. -From that~u4-'
" point of 1ntersectlon, run a vertlcal linewy s o
downward to obtain the inlet capac1ty, Q.

. IP

5. . If the value of d from Step 2 is between 1. 0 and
..,1,4 times:the, ,undepressed . opening :height,-h

ot :tran51tlon flow .exists. . :Draw a:curve: representlng
fiwlthe1tzan5Ltlon between weircand-orifice.flow:for.

W'-;;the appropriate:values: of L and Asand.: obtaLn +the- ‘t

-“;AcapaCLty, Q,afrom ‘the -intersection of- that . an
_tran51tlon curve with the value: Ofwd.gy‘ﬁ%‘wwg.p

6. To find the depth required,to-handle a desired
inlet capacity, Q, enter the x-axis of Figure 7-6
‘with the value of Q and use the approprlate curve
to find the depth on the y-axis.’

7.4 GRATE‘INLETS

Grates are eff;cment for 1ntercept1ng pavement drainage if

;clogglng by debris is properly controlled. Grate inlets
will intercept all of the gutter flow passing over the front
-of the grate if the gutter flow does not splash over the

grate. The portion of side flow intercepted will depend on
the cross slope of the pavement length of grate, and flow:
veloc1ty.

PrecedureS‘to ‘determine the capacity of qrate inlets placed
on continuous grade and at sump locations are avallable from

" HEC=-12 (USDOT FHWA, 1984)

. 7.5 COMBINATION INLETS

7.5.1 CONTINUOUS-GRADE

on a contlnuous grade, the capac;ty of an unclogged combina-

tion lnlet ‘'with the curb opening located ‘adjacent to the

grate is approximately equal to the capac1ty of the grate

"~ inlet alone. A combination inlet with the curb opening
‘located upstream of the grate has an interception capacity.

equal to the sum of the two inlets, except that the frontal

flow of the grate is reduced by the amount of flow

gnR370A/002 A : 7=11
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_ intercepted by :the.curb opening. * By placiné'thé curb

it clogs the grate. PR

L

opening upstream, ..debris can: generally be lntercepted before

-All debrls-carrled byrstormwater runoff “that lS not inter-
wi'cepted by upstream inléts will“be "cédhcentrateddt the inlet .

located’ atuthezlow poxnt,‘or“sump.ruBecause thlS will
1ncreasemthe&probab111ty ‘of: clogglng&for grated iinlets, the

capacityrofa comblnationLlnlet ‘ata sump shalrfneglect the .

et o ;a L T Y U

grate inlet capacxty‘- LGS ¢
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Table 7=1
MANNII\G S n VALUES FOR STREET AND PAVLMENT GUTTERS

Type of Gutter or Pavement g . .. Manning's n

ST

Standard Huntsvxlle des;gn value ' -?5' 0.016

(see Sectlon 7. 1 3)

| Concrete gutter, troweled flnlsh R B 0.012

‘Asphalt pavement e , o
Smooth“texture 77 e T 0.013
Rough texture j“r” "ﬁ“” ) e 0.016

f-\,‘ .)J : S . LU - L gt

Concrete gutter with- asphalt pavement ST

Smooth - ) B 0.013
- Rough - -f-” R . 0.015

Concrete pavement v o DR

' Float finish =~ =+ -~ T : B 0.014
Broom flnlsh i‘{f) -1 o o - 0.016

For gutters where sedlment may R
accumuIate, 1ncrease values bf n by S 0.002

EE Se it
L S v

A

Refereﬁce- USDOT FHWA, HDS-3 (1961).

. saha . R YR - R
L
s Tatad, A ot e R T el \
= Sl

- gnR370A/002a - 7-13
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- 1991
“.Table 7-2
HYDRAULIC CAPACITIES OF HUNTSVILLE STANDARD_2:5-FOOT
'CURB 'AND ‘GUTTER FOR RESIDENTIAL PAVEMENT SECTIONS
Al Roadway Allowable™ “kh“RoaﬁwéﬁmJE*Allowable‘““J’""””
e Slope (%)  Flow (cfs) ;. . Slope (%)_ .Flow (cfs)
0.50 2.68  6.50 ”f 5i66
R 0.75 i 3.28,.,,: . 8.75.. 9,85
o . 1.00 3.79 7 7000 10.03
1.25 . 4.24 7.25 010,20 0
ey 1.50 - 4.64 - 7.50 “;11310 38" SRS
P 1.75 - - 5.01 7.75  4,,.10.55
B S 2.00 © 5.36 - 8.00 10,72
2.25  ,.5.69,.,. ...B.25 .. ., 10,89,
2.50 5,99 0 77 850 7 11.05 .0
2,75 6.29 - 8.75 11,21 .. ...,
3.00 6.56 9,00 C21.37
3.25 = 6.83 9.25 CRLs3
co 3.50 | 7.09 9.50 11.68 0 .
o 3.75 - 7.34 . 9.75 ;- 11,83 ;};?T;
o 4.00 7.58 10.00 11,99
4.25 _ 7.81 - - - 10.25 .- . .12.13
- 4.50 L, .8.04 . i 10,500 i L12.28 o,
‘ 4.7 . 8.26  10.75 12.43
5.00 8.47 . 11.00 12.57
5.25 8.68 11.25 12.71
5.50 B89y ni 110500 12,85 o
5.75 9,09 11795 7 12,99
6.00 . 9.28 12.00 13.13
6.25 . 9.48 ‘ |
NOTES:

- 1. - These capacity data shall also be used for 2.0-foot curb and gutter
" sections.,
2. Gutter cross slope for allowable flows is based on 0.5 znch/foot
, .instead of ‘the 1 lnch/foot required fox construction.
3. Pavement Cross slope is 0.0256 ft/ft.
4. Manning's n = 0.016. '
5. Stormwater spread is 10 feet. : :
6. The maximum allowable flow equation for the above conditions is

Q=379$05

gnR370A/002d-1 - 7-14
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‘ ‘ Table 7=3 -
: : , INTERCEPT OF TYPE S INLET WITH MAXIMUM ALLOWABLE GUTTER FLCW
( ) ’ ' FOR RESIDENTIAL STREETS AND 2.5-FOOT CURB AND GUTTER

© ... . Allowable  Inlet o
Roadway . Gutter Flow <%t . - Intercept ... -Bypass _
Slope (%) - (. {cfsh - (efs) ' "(cfs)

§ | 0.00 -

g
o

: - 0.50 - ' 2.68 268 ¢ e
. o . 0.75 : 2,28 : 3.28 T e 0400 ;w
o ‘ ©1.00 0379 3.79 "0.00

4,24 - 4,24 0,005~
4.64 4.64 - 0.00
5,01 , . 5.01 " 0.00
= . 5.36 5.36 0.00
St 2.25 i 15e69 . 5.68 0.00
: el 2.50 5,99 5.95 ‘ 0.05
: S ' 2575 7 L4 6,29 . 6.17 . 0.12 :
o . .o.300 T 6.56 L. 6435 ©0.21
L e 03,25 AL 6,83 o 6,51 0.32 .
e © 3,50 7,09 ) 6.65 0.4 o0

) VLA L 1-..75 :a
o T 7200

S : 3,75 ‘ 7.34 6,77 0.56 , .
e - 4.00 .. .. 7.58 L 6.88 C0.70-
s 1 4.25 SR 7.8L .. 6.98 . 0.83 . |
- . 4.50 . B.04 T 7407 S o.97;%=
o e 4.75 C .. 8. i 7.16 1.10 -
SR 5.00 - W't U 74230 1.24 . .
e . 5.25 8.68 o it 7,300 © 1,387
T . 5.50 T 8.89 L. 7437 1.52
[ “"" 5.78% b 9.09 o . 7-42.‘ l.66 .
S "6.00 ce U 9,28 o 7.48< " 1.80°

Above this point, allowable gutter flow controlled by maximum spread J
SETINRE of 10 feet. Below this point, allowable g'ut.ter flow controlled by :
‘ maximum bypass of 20 percent. : SEirA ) i

i

i

i

7.40'é;f ‘ Lgg

6.25 - 9.25
e 6.50 i 9.00 7.20. . 1.80 . .
ce e . 6.75 {, 8.7a. 7401 ‘ 1.75%
- .. 7.00 8.53 ‘6,83 . . 1.71
a 7.25 - . B.32 6466 . - l.66.- .
7.50 0 v 6.50 1,62 7
7475 7.93 . 6.357, 1.59
. 8.00 - 7.76 6.21. 1.55
- 8.25 " 7.59 6.07 _ 1.52
© 8.50 7.43 5.94 | 14900
- 8.75 . -7.28 5.82. 1.45
2.00 L 7.13 5.70 1.43
9.25 e 6.99 5,59 1.40
" " 9.50 - 6.86 5.49 1.37
' RN 9,75 3 6.73 5.39 1.35., .
: A 10.00 . 6.61 5.29 . l.32.
ST 110.25 s 6.50 5.20% . U130 .
s 10.50 6.39 _ 5,11 l.28 P
- o e 1007500 At e, 64281y g 5027 - 126 e
; B © 7 1100 " iga18 4,94 S 128
‘ o 11, 25.¢n" LR 576,08 ' 4.86 e 1022
. T £ : 11.50 o - . 5.99 4.79 ) 1.20
o e 11.75 5.89 o 4,72 © . 1.18
oy . L ;;12.00 Wi ptieter a8l e wg A T 4.85T e - l.le”
—rr—— Lot Conlol i L
: NOTES: . . . . e - .
. ”'.J‘ RNNR R - A BT . R i#r‘!.’: 4

1. ‘Gutter crossﬂslope is.0. s,inchlfoot. Lt - T
2. Pavement cross slopes is 0. 0256, ft/ft.

o ' 3. Manning'syn/=vQ.026. “wE ed T g I T .

L 4., Stormwater spread is 10 feet.

( ¥ 5. See the standard d:awings for details on curb and gutter and residential street
sections. ‘ :

Tirar e :“' R
7-15
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Reference: USDOT, FHWA, HEC-12r1984)

TURNING LINE

1} For

N 87 M)
Q=°n6,3 Sosts'r 9
noox S

. "

. R=

5

" -GIVEN SO o

a0 ‘=016, S,-O 03 <

L, 82004 ;
;'" FIND:
" Q =2.4 FT3/s

Qn=0038 FTIs

TE6 FT

0.6

0.4~

- ' 20
T{FT}
30- L 0.2
B o
: -8

an (FT¥/s)

0008 ~+

V~Shope, use the nomoqrctph with 0.006 -

Sx= SxISxZ/(SxI"'sz)
»M. : '-’\

2) To determinedischarge in quner wlth
composne cross slopes find Qs usmg
Tg and Sy. Then, use F'gure?-4to
fmd Ea >The totu! duschurge is ;
Q= Qs/“'Eo) fand Qw Q QS

10.004

iy FIGURE 7-1
Nomograph for Flow in Tnangular Gutter Sections
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L.T 060°428°3(|/ns )°6

it AR e

; Se = Sa +s., Eo | s.,:a/w
: 301,

S ep AR TR

201

~ TURNING*LINE
-
=y

L L

Wl
=
- S .“
-0.001 =
ool K =
- - . 3 \-'
N __',.-—‘EO.—O-I- !
£0.02 o foo e

EXAMPLE: |
~ GIVEN: n=0016; $=0.0l | | K 0.4 -
$x=002 ; Q=4 FT ¥s |

FIND: Ly=34 FT | o o

;; 1 -

FIGURE 7-3
Curb-Openmg and Slotted Plpe Inlet Length for, Totai Interceptuon

Refarence: USDOT. FHWA, HEC-12 (1984). ‘
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RAeference; USDOT, FHWA, HEC-12 (1984).

~ DISCHARGE @ (FT3/S)

| Undepressed Curb—Opening Inlet Capacity in Su
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~ CHAPTER 8

- Storm Sewer Hydraulics
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Qpen Channel Flow Condltlons in

Storm Sewer Systems
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‘é;iﬁi 3 ggg PERIOD

,The following return perlods shall be used for storm sewer

. The lmpact of a 100-year return perlod flood shall:be

‘a 127 ING'S n VALgEs,;

‘are glven below"‘ G

'gnR370/011_0314 - 8-1 . e

-Chapter 8 . e
' STORM' SEWER HYDRAULICS““~NnmNﬂ

8 0‘1 D GN' c TERI / et

; f;.";?‘ SIS &’a FEARY FR GRS T

de51gn.
§treet glgss;flcation . “Qﬁgﬁgd Return Period .~
jMajor and Minor Arterials. . . PR .25-year
Major Collectors R 25-year S
Minor Collectors e e e e o l0=Year o,
1ﬁﬁRe51dent1al and Local. QQL, ;fQ'.%.,Amlosﬁear o

anal%zed as dlrected b% the Englneer of Publlc“Works.!

- . NI R T
LR N SR A WA Ty

All storm sewer pipe shall be relnforced concrete unless

alternate materials of equal or greater effectlveness and

strength are. approved by the Englneer of Publlc Works.:ﬁwlwy;'

plpe, concrete box culyert and corrugated metal plpe (CMP)

Concrete pipe : o
" Box_culvert (cast-in-place) =~ .. .- --n-=0.013 .. ...
CMP.. (non-splral flow,, annular ’ L L
B corrugatlons) , PRE
?u“;CMP (full pipe. spiral flow
‘ hellcal corrugatlons)

h SiZes‘15424"r
.Sizes 30-54"
Slzes 60-96"+

EPANRICH LN

Full spiral flow occurs only for plpes wltﬂ'a 1ength 20
times diameter, operating under full,flow,gand,free of

(A

sediment buildup. Conditions where full spiral” ‘flow would"

‘be approprlate are down dralns, retentfon outlet plpes,ﬁand
free ‘outlet or grav1ty ‘storm sewer systems w1th a deSLgn )
veloc1ty above 4 feet per second. :
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8.1.3 SLOPES AND HYQRAULIC"GBAD;ENT" )
The maximum and minimum slopes for storm sewers shall
conform to the follow1ng crlterla., -

1. The maximum hydraullc gradient shall not produce a
velocity that exceeds 20 feet’ per ‘second i+ ngher
velocities requlre approval from the Englneer of

L public Works. #v o wer hedlies ot e

2. The minimum desirable phx51cal slope shall be that
-~ which- w111 produce a veloclty of 2.5-feet- per
second when the storm ‘sewer 1s fIOW1ng full.
When hydraullc calculatlons do not consider mlncr energy
losses, the' elevation of the hydraulic-gradient 'for ‘design
flood conditions shall -be at least 1 foot below the gutter
elevatlcn. Mlnor losses shall be con-51dered when ‘the .%?f

© If all-minor: energy

%'losses are calculated, it is accept-able for the hydraullc N

% gradient to reach the gutter elevation.: - & wiil

8.1,4" "PIPE- STZE AND LENGTH 'f‘j;j“”[“ftfp?f”?“'f‘**q

PRV ok . R o

The minimum" pipe s1ze shall'be 15 1nches when access spa 1ng§
is 50° feet or 1ess. When access spac1ng ‘exceeds ‘50 feet >

the" mlnlmum pipe size ‘shall ‘be"18 1nchés.‘“standard plpe/**r%

size increments of 6 inches shall be used for" plpes larger‘
than 18 1nches. S
The minimum box culvert size shall ‘be 3 by ‘3 feet for“‘
pPrecast units and 4 ‘by 4 feet for cast-ln-place unlts.
Increments of 1° foot in the height or width' shall ‘beused
above this minimum. The span by helght format - is used ‘for
reporting box culvert dimensions, e.qg., “in ‘the- dlmen51on 10
by 7 feet the span is 10 feet and the helght is 7 feet.

o..—f‘rjf e 1
Access spaclng shall not exceed 400 feet for condults ‘less
than 54 ‘inches in diameter and shall not exceéd’ 800 feet
under any.c1rcumstances. :

BENCI TN

the. following crlterla-‘

gnR370/011_0314 g-2
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w, wole A minimum of 1. foot is’ requlred ‘between, thevbottom'
rgnrh .Of .the road base material .and;, the _outside . crownrof

gt we'-‘ N, ATE ‘l:’;‘,‘l{‘.‘.ﬁ“?; AN} ”&q:-?,x».-:? T .
For utility conflicts that involve cro551ng aﬂﬁw "
=storm sewer alignment, .the recommended: minimums:q.:
""design clearance - between the outside of the pipe
and the outside;of any conflicting utility should
"be 0.5 foot if the utllity has been accurately

. located at, the_point. -of; confllct.thf thehﬂtllltyl..
has: been approximately located;» the;minimum, des1gn ‘

clear-ance should be I foot. .Electrical trans-
.mission;lines or gas mains, should never: comefinto
odlrect contact w1th the storm: sewer.wM

‘ Storm sewer systems should not be‘placed parallel
to or below existing utilities in a manner that
. could cause utility support. problems.;.. Recommended
; clearance As zﬁfeet extending from. ;each+side of .
the storm sewer and 1:1 side slopes from the
~trench bottom,. Where right-of-way limitations are
:LnadequateA shoring of trenches As acceptable.
‘ RPN LIty R U TCE- T i SR s L ow
4. When a sanitary line or other utility must pass
.- through, .asmanhole, a. minlmum - l-foot.clearance
:should be maintained between the bottomgof the

greater clearance is recommended. \Flow,w111 be
less obstructed when the utllity is placed above.

or as close as possible to the. crown of the pipe.

©. The head; loss; rcaused by an.: .obstruction should- be-
accounted for. (Note" ‘Gas mains.shall not pass

mﬁgy throughhinlet and manhole‘structures ) ek w

J:“

IR I L R Fe S S o o

‘curb 1nlets shall be located to fac111tatetthe entranceiofﬁ

water; fromfgutters ‘into, the stormmsewercsysteml Consideras.

'tiontshall .also, be. . given to .the{movement.. ofuvehicles to: andm

fromgadjacent property on turnouts .and, to the maintenance .of-
safe pedestrian walkways. Curb. inlets shall not be located
within handicap ramps and shall be avoided w1th1n a 35-foot

radlus of turns.

.gnR370/011_0314 | 8=3.
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The” iocatlon and- spaelng of ‘inlets shall be’based on inlet
capac1tx and’ ‘width-of: spread calculatlons. ‘Surface storm:
water ‘shall not:be allowed to drain‘across street’
intersections. Procedures in Chapter 7 shall be used to

- establishi inlet spacang ‘such that ‘a maximum ‘of 20 percent
bypass is: allowed. The 1ast 1n1et shall have no bypass.

Y Gt

GEHERAL PRQQEQ E

Thegde51gn of storm sewer systems is usually an 1terat1ve
process 1nvolv1ng the follow1ng four steps““

BRSO ot ,..‘_‘ ,l'l B3 T N

gk System Layout. Selection of - inlet 1ocations and
development of a preliminary: plan and-profile
conflguratlons conslstent w;th de51gn crlterla in

AT Sectlon 8 1.- .ol .\ B R = T P

R N L IR TS PR

AT T

Hydrologlc Calculatlons- Determlnatlon of de51gn
flow rates and volumes (see ‘Section- 8 3)

P T = 1 ,K.H‘IA ‘g-_‘:‘.{" ey

e m3. Hydraullc Calculatlons' Deteimination’of pipe
‘sizes required to carry design -flow~ rates and
volumes, as dlscussed in Sectlon 8 4.

LT S S , "'.':, 'F.!-u o “‘“f‘-.- LEE R laale .-

Outfall Desmgn. “Outlet® protectlon ‘o ‘detention/

- retention” may be’ requlred ‘because - of ‘downstream =

e ;- constralnts isee’ Chapter 9¢ for‘detentlon/retentlon
‘#=‘~ or: Chapter 10+ for outlet protectlon.w‘~‘ :

-\3‘-w-~*11 S T8W3 HYDRO ch CALC AT onswﬁ e

R T T o R < C NS SRS B
The hydrologic determlnatlon of: a'peak runoffﬂrate -for
sizing a storm sewer system shall be made u51ng procedures
presented in Chapter 4. In-general,: storm ‘sewer: s?stems are
‘sized to carry storm-water intercepted by approprlate inlet
facilities.'However; if the. intercepted*runoff s =R EEE
transported through :an* exten-szve ‘pipe network;: channelAﬁ-M“
storage W1th1n ‘the *storm-sewers-can modlfy “the" peak ‘rate“of-
th trunoff as it travels along the systemi“The peak flowuw;

' gnR370/011_0314 - 8-4
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modification.can be ‘evaluated with hydrologrc channel
- routing procedures (see Chapter 4). ' = - S

VFor'many projects, ‘the- Rational Method is well “suited to:.
performing. hydrologlc ‘caleculdtions“for storm- sewer*systems.
In- general, as- the time of" concentratlon, dralnage area, and
-variability- in . land use:-‘inc¢rease, . -more - ‘complex procedures
are warranted. A rule-of-thumb’'is “that flood" hydrograph
‘procedures ‘'should- be ‘considered- when "the time?of corcentra-
tion goes above 30" to -45-minutes:* In additiony- the'“stze' ‘and
. complexity of the storm sewer system should be considered.
{See Chapter 4 for addltlonal guldance on selecting
hydrologic methods.). Bl

‘To apply the Ratlonal Method at each de51gn pornt, the

follow;ng data are requzred.‘ .

‘".nl. -Trlbutary area ”
D2t Time” ofwconcentratlon

w3y - Rainfall intensity-- : . o
. 4. " Runoff cbefficientxﬁéwﬂfuw T RS

The time of‘concentratlon is the sum of the inlet travel
time -and the storm sewer travel time and'mist be: calculated
for each desrgn polnt considered. :Rainfall: 1ntensrty ‘is
. obtained. from:an.IDF curve. (see:Chapter-4),: based on'ithe’
time. of: concentration :and design.return perlod.r “The'frunof £

- coefficient" should 'be the composite. fa€tor based.on’ tribu="

~tary land;use. .and ‘soil conditions. :The tabular- data pre=- -
sented in Chapter 4 can provide a good basis for selecting
the runoff coefficient, but if possible, a compariscon of
historical performance with-the results of design’ calcula-
tions should be made.
The" Ratlonal Method as presented in Chapter 4’1mp11c1t1y as-'.
sumes -that all runoff from the trhbutary area’is’ 1ntercepted,
by the storm sewer system. Therefore,” bécause'inlet effit"
c1enc1es of 100 percent are unrealistlc, bypass must be

‘‘‘‘‘‘

BN I s Vet Lo ,v!:;'l SopfRaeninl LY ullle s

The .proper: selectron of! the*tlme of concentration- indlrectly
-accounts for situations in Wthh peak: runofffarrzves at¥’™
mindividual:inlets at different" pornts in-time.- However,
this- approach ‘does - not exp11c1tly account for channel .

gnR370/011 s g=5
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storage. that can become important -in the upstream Pls vaviis
of a large storm Sewer system.. L o ( D '

In. some.cases, only @ portion of the -area. draining to ca
partlcular locatlon ‘ln a storm sewer system-will ;cause the
.. peak, dlscharge.‘ In systems where a -small subbasin of: the
total area-has; an unusually. long travel time, another: larger
subbasrn of the contrlbutlng area with -a shorter time of,.
concentratlon {and, therefore, a hlgher average ralnfall
1nten51ty} can cause a higher peak: dlscharge.gn- ‘

ERSAS U - E
PRV R

8.4 HYDRAULIC citéﬁrarrousvwr'figgr R

Hydraulic calculations-are used_ to size- plpes to. handle ‘the
design £lows determ;ned from hydrologlc calculatlons e
(Section 8.3). The hydraulic capacity of a storm sewer pipe
~can be calculated for the two types of conditions typically
referred to as open channel ;and.pressure flow. Results '
should provide a balanced system in;which all segments will:
be used to their full capacity- consrstent with the flood
protectlon criteria for the progect site.

&4

L .’--..

Hydraullc procedures in. thls sectlon represent a; summary of ‘ ‘\-).
information from publications.by Brater. and: King:i(1976) R
.Chow_. (1959], the American, Society of Civil: ‘Engineers:{1969),
-.theNUnlver51ty,of_Mlssour; (1958), the .American Iron. and.
Steel -Institute. (1980), .and Marsalek (1985).. These.publica--
tions should be consulted if additional: details are.. =~ = *
requxred ‘5 e g -u‘.."ﬁ‘.w;_y A SR

:,:'

' 8,4 1. PRESSURE VERSUS OPEN CHANNEL FLOW

Open channel flow occurs when a free water surface is

. exposed to.the atmosphere as.-a boundary -(see Figure 8-1).,;
When the COHdUlt is flowing full,~the pipe:is consrdered to
be flowrng,under pressure -(see. Flgure B=2) e ity :
Gurdance 1s pregented 1n Flgure 8~3 for determlnlng whether
pressure or open channel flow conditions occur in a storm
,Sewer, system.. In, .general, if-the-hydraulic,grade;line.is:
above the, crown of ;the.pipe,. pressure flow, hydraulrc calcu~-
latlonsvare approPrrate.; Conversely,. if the thydraulic. grade
line is, . below the crown of the ‘pipe, open. channel flow "

calculations are approprrate. o . - ‘ (:)

gnR370/011 ~.8=6
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A special concern with storm sewers de51gned £o Operuce. ...
under pressure flow conditions is that inlet surcharglng and
possible manhole 1lid displacement .can;occur.if :the. hydraullc

-grade line rises above the ground surface. A desxgn ‘based:.

on . open channel conditions must be carefully planned as
well, including evaluation of the potential.for: excessive
and inadvertent flooding ‘created when a storm. -event larger
than the de51gn storm pressurlzes ‘the system. i

As hydraulic calculations are.performed, existence of. the:.. .
desired .flow. condition: should be, verified.. . Storm sewer. ..

;systems can; alternate,between pressure.and open;channel:flow

condltlons from one‘sectlon to another, o oedr ey el oL o

The dlscharge point of the storm sewer system. usually

establishes a starting point for ‘evaluating.-flow-conditions.

If the discharge is submerged, as when the tailwater estab-
lished by the receiving waterbody..is above.the crown of the

‘storm sewer, the exit loss should be added to the tailwater
" .and calculations for head loss in the storm sewer- system.,

started from this point, as depicted in the submerged
dlscharge condltlons of Figure .8=3. - If.the hydraullchgrade
line is above" the plpe,crown at: the. next.upstream manhole,
pressure flow calculations are 1nd1cated, if it is below the
pipe c¢rown, then open channel flow calculatlons should be
used at the upstream manhole.}‘” '

when the discharge point is not submerged, a flow depth ™"
should be determined at some control section to allow calcu- -
lations to"proceed upstream.- As shown in- Flgure 8-3, the
hydraulic grade line is then pro;ected to the upstream
manhole. Pressure”flow calculations may" ‘Pe*used-at the
manhole if the hydraullc grade ls above the plpe‘crown.

The assumptlon of stralght hydraullc grade lines 1llustrated
in Figure 8<3 is not’ entlrely correct, because backwater and
drawdown conditions can ex;st, but is generally reasonable

' for typlcal pipe” ‘sizesy It is’also™ usually® approprlate to

assume the hydraullc grade calculatlons begin at the crown

“of ‘thHe outlet pipe for'simple” non- submerged systems. If-
‘additional .accuracy is needed, as W1th very large conduits

or where'the-fesult will-have a very" 51Qn1f1cant ‘effect-onis
design, @ackwater and drawdown curves should be]deveIQQed

B RTINS

gnR370/011 . .8=7
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8 4 2 ENERGY LOSSES

The follow1ng energy losses shall be con51dered for storm -
sewer systems.sﬂ R ST - - - - SR
' I L ; S L s )
~;-y;M xFrlctlon T I I St
2 -yEntrance,‘fs-kwr-:uv:mgv: TR
3. Exit omrae i ol Ui nno ‘

Addltlonal,energyﬁloss parameters should be’ -evaluated for «i
complex:or :criticalisystems.:" The" ‘following:losses are .- i
especially important.when .failure:to-handle the: deSLgn ‘flood
has the potential to flood offsite areas:iv & - EEEREE

1. . Expansion -
~ie 2. Contraction: . oo
3. +.Bend e
4. M~Junct10n and manhole
‘ ‘ *" el e T e, T R T

b Frlctlon Loss

-

The -energy - loss requlred to overcome frlctlon caused by
condult roughness is’ generally calculated as.

pv--usn, ER T R B A,

~q¢,ff¢<4,”ft 2 ot T e S
= (28 n L ¥~ . gy
Hf, _'["__TTﬁﬁ] g ot et D {8=1)

where: .. .q;f,g‘_rgg,',":t; e e ﬁfff"‘qj;xfhi.

Energy loss due to frlctlon, 1n feet

ﬂ

. 6~

Mannlng s roughness coeff1c1ent

5
u”

“ffg
" ;

.

Conduit 1ength, in feet

JQ;Rfé;Heraulicfradiusﬂof]condulr,‘in”feer_f.j‘-

"qu%wAcceieration@duemtofgravity,f32.2]feet/seconai

Entrance, Ex1t Erpanslon,_Contractlon, and Bend Losses

] o ».,‘ !

Head Iosses due to plpe torm condltlons are generally
calculated as: ‘

gnR370/011 '8-8
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where:

L
[
]

R A [ b

ﬁ,.

f ;Average*veloéiﬁy, ‘in® feet/second

- :‘A <‘.N
R

[Te)
]
:p
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.0
]
o
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fu
b
PR
- O,
:i
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fD
rf
0
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M
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pipe form loss and should be based on’ operatlng character-'
istics of the system belng con51dered Values for the

entrance loss coefficient are "the 'same’ as those developed
for culverts' (see Chapter 6) .~ The exlt loss coeff1c1ent is
“‘génerally aSSLgned a ‘value of 1. Eann51on ang” ‘¢ontract ion

loss coefflclents for c1rcular plpes ‘can, be selecred based

8- 1 ‘and - 8- 2.

The bend loss coeff1c1ent for storm sewer systems can be,
evaluated using Figure.8-4, which provrdes various: relatlon-

: ships between the angle of a bend and the loss coeff1c1ent.

Relationships are presented- for bends at’ manholes’ Wlth and
without: deflectors, and for curved 'drain- allgnments W1th r/D
values ofi 2 and- greater than or equal to 6 (r radlus of
bend and D = plpe dlameter) v - ‘ -

{N \ 5 i . R T e Lo T e P

IR TR

Junctlon and Manhole Losses
If losses assoCiated with junctions and manholes are evalu- "
ated, procedures presented in-a report by the University of

| Missouri (1958) or Marsalek (1985) shall be used. Although

details of the procedures are not dupllcated, the implica-.
tions of laboratory test results are discussed below and

.. head loss coefficients for- typlcal manholes ‘and junctlons

are presented in Table 8- 3.

For stralght flow-through conditions, the plpes should be
positioned vertically between the’ llmlts of inverts aligned
or crowns aligned. An offset in the plan is allowable,

~provided that the projected area of the" smaller pipe falls

gnR370/011 o 8-9
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within that of the larger. It is most‘effective to align
the pipe inverts, as the manhole bottom will then support
the bottom of the jet 1ssurng from the upstream pipe. .. .

‘When_ two laterals intersect at a manhole, pipes should not
"“be opposately ‘aligned, beécause the jets -could impinge upon
each other. 1If dlrectly opposing.laterals, are necessary,
the installation of 'a deflector (as shown in Figure 8-5)
will smgnlfzcantly reduce losses, .The research conducted on
this type of deflector is limited to the ratios of outlet
plpe to lateral pipe. diameters equal to 1.25.. .In addition,
“lateral ‘pipes should be’ located such that thelr centerlines
are separated laterally by -at least the sum of. the ‘two
lateral plpe dlameters.‘,%ud_unqpims.,‘ o ;hma~ﬂhuu

Flgure 8- 5 deplcts several types of deflectors that can be
efficient in reduc1ng losses ‘at junctlons and bends fbr full
flow, condltlons. As a contrast, seVeral 1neff1c1ent smanhole
shapes are shown 1n Flghre 8= 6._ Several of these 1neff1—

. cient devrces would appear to be 1mprovements, 1nd1cnt1ng

that special shaplngs dev1at1ng from those in Figure.8-5 .

;‘should be used with caution.

”8,4.31‘opEN”CHANﬁELffiowfu;f:%ffi;,f 1;:(;,;i;&,s-é;;;;;,;w

[

) Under non pressure condltlons, the capac1ty of a closed

conduit. can be analyzed by applylng Mannlng 5 Equatlon to
‘evaluate frlctlonal losses for uniform flow., As shown .in
Figure 8-1, the hydraul;c grade llne is- the free water
surface elevation and is parallel to the energy grade llne
under uniform flow conditions. For circular oonduxts;‘~ -
flowing full, Manning's Equation “can be expressed as:

A A T

,50;592~'\*2[3 ;wdl/z‘xw'“mm\u's» SR
] o dsjVﬁ $Ou.1g-:: S Vﬁfﬁ 3)
N or - s B K s . | : o o . o . )
o D0.465°.8/3° . 172 .
Q N R L
where:
‘v = Full flow velocity, in feet/second -
| Q'= Design discharge, in cfs . . ..
gnR370/011 ' 8~10
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o |
]

Manning's roughness coefficient:

;Diameter ofgtheyciroular“conduitj;in feet

Onf,Pipe,Slope,ginﬁfeet&foot; wtesns 0o

wv
Ll

Non-c;rcular and non-full. flow condltaons can -be evaluated
using the standard form of Manning's Equation dlscussed in
Chapter 5. T N R ST T RIL JC

P .

* Given the approprlate .peak.xunoff rate. for .the: desrgn point
in question, the condult is sized to carry this peak rate 'as

~an open channel, usrng_Mannrng:s”Equat;onl%wForwa condition

' in which pressure is allowed to develop in storm sewers with
a, deSLgn,based on .open channel flow: condltlons, the design
capacity of the system:- will be greater than that determined

..using Equation -8-4, and.can be evaluated as discussed below.

8.4.4 PRESSURE FLOW .. .. o - . .. - . R L

If the hydraullc grade 11ne, as 1llustrated in. Flgure 8 2,
‘ ‘can be 1ncreased above the crown of .the pipe, pressure flow

. - occurs. The capac1ty of .storm. sewers de51gned to. operate

ﬂ:} under pressure flow dondltlons ‘can be sized us1ng inlet and
outlet control’ nonographs developed for- the ‘evaluation of
culverts (see Chapter 6). A more general procedure 1nvolves'
the .application of the energy and . contmnulty eguations, ‘
which can be developed to consider unsteadyfflow conditions.

The energy equation: between upstream:and downstream-
locations can be evaluated by cons;derlng velocity head,
plpe form,-and friction losses,‘expressed as: '

Bew wH < w0 (s-s
v L £ {8=5)
or o
(8-6)
where:"
H = Head, determined as the difference .between
\the hydraullc grade line at the downstream
: _ N pipe and the energy grade llne at’ the
q:? S . ~upstream pipe, in feet.

gnR370/011 |  g-11




. HUNTSVILLE--SMM R L 9gy

m
it

:Velocity head, in feet

v | - L 'jf . ) (:D

~Head loss due -to-pipe form conditions, in feet

i
"

Hf = Head losskdue*toffriotion;Jiﬁ’féeti
”KLgE Loss coeff1c1ent for plpe form losses 'lVf{
R VA S G e e ‘ el s e bR
n = Mannlng s roughness coeff1c1ent 2.
L =-Length of storm sewer segment,~1n feet R .
aﬁiswﬁydraullcwradl;s, rn reet - i :
H”%v-%'Amerage”meloc1t§-o;‘rlow,’ln‘feet}secomd 2
T A 5 S B

g- Acceleratlon due to graVLty, 3202 feet/second3

~ If H can be determlned the storm sewer capac1tyels
f calculated by rearranglng Equatlon 8~ 6 as follows- 7

'.) *

or ..

(8 8)

where:
v = Average ‘velocity of flow, in feet/second
‘Q'=-Storm se%er”capacity, in cfs

g = Acceleratlon ‘due to gravity, 32.2 feet/
second? -

H = Head, determlned ‘as ‘the dlfference between
the hydraullc grade line at the downstream -
pipe and the energy grade line at ‘the T
_upstream p;pe, zn feet

‘*“??‘1;K"7='Loss“CbeffiCiént.forjpipeyform‘losses

e S

gnR370/011 §=12 L LT s _




= Mannlng”
'L'='Lénafhkoﬁgéfbrmjééwér segﬁént,win feet

'Hydfaulic':adius} in feet

-y
f

 HUNTSVILLE--SMM o o o9y

The determlnatzon of H Wil1* generally'lnvolve an evaluatlon

of energy losses, to establish the, hydraullc and; energy .
gradients. Because the velocity 15 a requ1red lnput t04
energy loss calculations, an lteratlve trial and error

procedure is generally requlred
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: S Table 8-1
* VALUES OF K FOR DETERMINING LOSS OF HEAD DUE TO
SUDDEN EXPANSION IN PIPES, FROM. THE FORMULA
o SRR Hy e K /2g) e

et e I e L g T

= Ratzo of larger plpe to smglle;}

3(511 i ok R 4. “ '
’?eIOCLty in” maller'pxpe v
d, . L ES et
— ‘ velocity, vy in feet per second.
d . .
1 2 3 4 5 6 7 8 10 12 15 20 30 40

1.2 .11. .10 .10 .10 .10 .10 .10 .09 .09 .09 .09 .09 .08
1.4 .26 .26 .25 .24 .24 .24 .24 .23 .23 .22 .22 .21 .20
1.6 .40 .39 .38 .37 .37 .36 .36 .35 .35 .34 .33 .32 .32
1.8 © .51 .49 .48 .47 .47 .46 .46 .45 .44 .43 .42 .41 .40
2.0 .60 ,58 .56 ,55 .55 .54 .53 .52 .52 .51 .50 .48 .47

2.5 .74, .72 .70 .69 .68 .67 .66 ,65 .64 .63 .62 .60 .58
3.0 «83 .BO .78 .77 J76 .75 .74 .73 .72 .70 .69 .67 .65
4.0 ..92 .89 .87 .85 .84 .83 .82 .80 .79 .78 .76 .74 .72
5.0
c.0

-

s

.96 .93 .91 .89 .88. .87 .86 .84 .83 .82 .80 .77 .75
1.00 .99 .96 ,9 .93 .92 .91 .89 .88 .86 .84 .82 .80
.00 1.00 .98 .96 .95 .94 .93 ,91 .90 .88 .B6 .83 ,B1

Reference: Brater and King (1976).
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Table B—

q\ e e _VALUES . OF K FOR ‘DETERMINING»»LOSS OF’ HEAD DUE ST e e
L  SUDDEN CONTRACTIQN IN PIPES, FROM THE FORMULA . -
i kD Eoa - ca e B LA T BT ‘9’ ‘; Ha = K (v /zg) K ,
\: et B YU SECEVRE T TS SOPRRLE 2N :m»‘-xn-weil-ienl"w»m R 2t P U A e e I TR S AT L A 0 Bt R I e A e g e MR w«-vr‘«-«-s‘-'*"\'.
d,/4, = Ratio of larger to Smaller diameter .
EI;. Dmeas e v: =' VElOcity inusmaller Pipe F T T L I T O R P B -_‘
dz ) ‘E ‘ “ “- < ‘;- o B """‘.'k .‘i.‘»‘iu‘-»f‘.: H

- ]3: _— : . Veldcity, v

;¢ in-feet per second

2 3 4 5 6 7 8 10 12 15 20

30

40

P
Ces

T

.40 .40 .40 .39 .39 .39 .39 .38 .37 .37 .35

. I .
DR o e

.46 .45 ,43 .-
.46 .45 .44

49 .48 .48 4B .48 . .47 .47 ./
.49 .49 .48 43 48~v:47, -47 ,

Reference: ?Brater and Kiﬁg (iéieytﬁﬁxx

o [

i .
§ N -
s i )
e ok S
Ea
A —_ e "~ T. -
e
o
ey
e e
: : a’

! o

NE

,
1 - N M

PR - o - 2y ‘e
i .
< ' N '
-
3

gnr370/011c . g-15 -

.03 .04 .04 .04 .04° 04 ,.04 .04 .04. .04 .05 .05«
.07 .07 .07 .07 .07 ..07.7.07..08 .08 .08 .09 .10
17 .17 .17 .17 .17 017 .17 .18 .18 .18 .18 .19

S V26 T 2626 L2670 ,26 70260 026770267 .25 7,257 L1257

034 . 434 ...34... 34 L o34.,0.34.00330033.0032. .32 W31..,.29.

3838 3T 3T 3T 3T 36 36 35034 L33 a3
.33
«42- .42 .42 .41 .41 .41 .40 .40 .39700380,37 034
.44 .44 .44 .43a .hzi“”43fﬂ.42xv.42 .41 .40 .39 ,36 ™

4.0 A7 U467 46 *.45 W45 .45 .45 .44 .43 .42 410 .37
5.0 W48 .48 .47 .47 .47 .46 .46 .45 .45, .44 .42, .38..
0.0 - .40 .
= 41

'~‘l06
.11
.20

T 24
B |

429
.30
31
(73 3

.34
~35
<36

.38
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Table, 8—

HEAD LOSS COEFFICIENTS FCR MANHOLES/UUNCTIONS

~.Single ‘Pipe Junctions - . iU l°

‘Type of Manhole/Junction-

Head Loss Coefficient (XK)

Trunkline only with no ‘ N

bend at junction S gy = | 0.5..
Trunkline only with 45° 0.6

bend at juncticn :
‘Trunkllne only w1th 90° o 0.8 )

‘bend at junctlon

.Multiple Pipe Junctions .

‘Head Loss Coefficient (K)

;Trunkllne w1th one

Type of Manhole/Junction

0.6

lines

Reference: Golding (1987).

small lateral.. . :_g_. [N} +
.Trunkline=with9onefj fﬂ f;J’Ilﬂg R 0.7
large-lateral - . e~ YT - )
S ; (- D, ot u - S,
Two roughly equivalent UV 4
entrance lines with angle <{9p° 0.8
of <90° between lines s
Two roughly equivalent ;
entrance lines with angle G.9
of >90° between lines
Three or more entrance 1.0

Note:

Above values of K are to be used to estimate energy cr head

losses through surcharged junctions/manholes in pressure flow

pertions of a storm gewer system.
hj(ft)=Y [vift/sec))
64. 4

The energy loss eqguation is

with v = larger velocity in maln entrance or exit llne .

of junction/manhole.

O
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FIGURE 8-1
Open Channel Flow in a Closed Conduit

. & = Distance above hori;.ontal datum
‘D Depth, of flow . wiige! ~1edh

M RE

IR Z;‘

P = Pressure head , .

v . SFEA T T dealu b LGN 5
—= Velocity Head
2g g I

hf = Friction ldss between Section 1 and Section 2

EGL = Energy Grade Line
HGL * Hydraulic Grade Line

T T IC U TN A e T

Wy rvedan-fwothy s 8

R T

Flow
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e wal 20
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R TR T N y
. {
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=i Morizontal Datum &'
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i FIGURE 8 2
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Pressure Flow in a Closed Conduut
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HUNTSV[LLE*STORMWATEH MANAGEMENT MANUAL ; Buie b
. H_=Exit loss

SUBMERGED DISCHARGE Hydmuhc grade an abovo crownof pap.,
e '”f.;‘ full flow deslgn methods may be used of manholc,

Vit

SUBMERGED DISCHARGED = Hydroutic. grade ling biiuw crown of‘,p.p‘., -7

T

open chunnel flow methods must be used’ at manhole.

FREE DISCHARGE Hydrauhc qrode lme abova crown of plpe, .
full - flow desiqn methods may ‘be used at manhole..- o

:’_'_f lil;!_Auuc GRADE Ling. e pn j
— -—%__ —_— __ﬁ‘/anfrel section

s ' N o
FREE DISCHARGE Hydrouhc grade line below crovm of pipe, _ ‘
open channel flow moihods must be used at manhola '

Reference: Wﬁght-Mchugn:fn Engineers (1969). ‘ - S | I C

FIGURE 8-3
Determmatlon of Pressure vs. Open Channe! Flow Conditions
in Storm Sewer Systems
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LOSS COEFFICIENT, K
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FIGURE 8-4

Storm Sewer Bend Loss Coefficient
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St

Cd 1 el . P E et o

e Dlracﬂy opposed Iaierul wlfh deflactor
(heud |osses are still excessive with
.-this mefhod but are significantly
: " lass' thon when no deflectorexlsis )
‘ihu ‘f' e’ .
. " Bend with straight deflector o

¢ :
. - B ’
o - - ;
| . ! {
¥ : .
H *n 1
g i i
e S
& " '
- £
Yu L
at
«
(IR i

§ '
R FS ' -
1
& i ;
i . .
i ) '
Y T
I
B -

+Bend with curved deflector

IR

"These methods of shaplng the interior of a manhole 7
were found efﬂc:ent in University of Missouri {1958) tests

N T b.t M e oy e e
. i

Reference: Wright-McLaughlin Engineers (1969). S C)

FIGURE: 8-5
Efficient hganhole Shaping
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HUNTSVILLE-STORMWATER MANAGEMENT MANUAL

- i:: Otfset latercl with deflactor

|ntir_ie 'upstr_eqm main & 90°
lateral with divider

Inline upstream main & 90°
fateral - with deflector

. These methods of shaping the interior of a manhoie were .
found efficient in University of Missouri (1958) tests, either
- : due to increased head loss;or tendency to plug with trash.

" Reference: Wright-McLaughiin Engineers (1969).

" FIGURE 8-6

!nefficieqitManhole Shaping
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Storage System Hydraulics
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and. management objectives require.«h«;ﬁ~

9.2.1 RELEASE RATE infj7fﬁ'“‘"‘

| HUNTSVILLE-SMM = | B TR -1 N

Chapter s LT
STORAGE SYSTEM HYDRAULICS

PR T

L

For stormmater management purposes,. retention:refers. to
storage w1thout access.- to a:.positive; outlet, while: egention
facilities.offer. temporary -gtorage-.accompanied:: byﬂcontromled~
release of.the.stored water. -.Wet'detention- typically»haSia*
pool of water below the: outletrelevation, dry‘detentlonnas 4%,

, typically placed with the basin bottom above the seasonal
4high water table. Retention and detentionican:belused:

separately or together in storage basins as Slte conditions

T s 5, R

R R ,;L. : i LT

9 2 ‘DE IGN QBIEEBLA

S ‘.,3 e T .V'i I ‘-"

- The standard for determining the requirement for retentionaen
‘,and/or detentionufacilities :shall be that-the: calculated:i,..
‘ peak rate.of stormwater runoff- shall be:no.greater after:w.

development of -a..site.than, before -development iof:a: site
(See Sections 2.1.1 and 3, 2. 5). Each development ‘planiwill.:
be reviewed by:.the ‘Engineer.of -Public.Works .to: ‘determine:; if.¥
detention andAorJretention~w;ll be required.: When-irequired;:
design criteria for: detention/retentlon facilities shall i
include; the followmngoitems.v IS

L
F.’wtiﬂ...,

galRelease rate B g0 P ]
2.uthetention volume e SR
3. ' Grading. and depth,requirements
4. Outlet works

[FYEe ‘-;'.i et

o L . : N . ..‘J.‘-
EE J...“M: . "'1 ;—.l e W, o

Release;rates for managing stormwater quantity bx detention
shall. be. based on:-limiting peak runoff.: rrates; ;tos smatch . the

follow;ng-value.u PRI B TR _ﬂﬂwfyﬁ“;uan,nmvk

The post development and pre-development calculated peak

"rate of stormwater runoff resulting from a ten-year return

period, twenty-four.(24) hour duration, type II storm

~distribution (as defined by the Soil Conservation Service,
U.S. Department of Agriculture) shall be equal.

gnR370/007_0314 9_1'—,. .- e
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9.2.2  DETENTION VQLQM

Detention wvolume shall be adequate to prov;de attenuation of
the post-development peak dascharge rates to the allowable
release rates set accordlng to provisions 1n Section 9.2.1,

Routlng calculatlons shall be consistent with' procedures 1n
‘Section:9.6..If siltation during .construction. causeSBIOSs
of detentlon wvolume,.design dimensions-.shall :be: restored
prior;to submitting as-built certification. nDetention :
volume shall be drained wzthln 712 . hours. s el e

I

9.2.3 GRADING AND gspm ,17fa:fx ‘f,y .Qgraﬂ'

To obtaln suffic1ent storage volume, the constructron of dry
- detention/retention facilities usually requires either
excavation or the placement of earthen embankments. If
‘vegetated embankments_are”used%%they shall be less than 10
feet in height and shall be placed with side slopes no
~ Steeper-than 4:1 .(horizontal:vertical).. 'Slopes for:rip=--
" rapped earthen:embankments. should -be nc- steeper than:3sl: A
- slope . stability evaluation is generally appropriate-for - .7
 embankment . conflgurations with lmpoundment depths greater :
- than-3«feet. . v RO TR EE Eomag Y
Thé maximum. depth of stormwater detention/retentlon facill- -
ties .should be consistent with: safety .and 'aesthetic: - i
considerations for the- ‘system. " In .general, if: theffaCllltY ‘
provides a permanent pool of water,-aidepth:sufficientito-
discourage the growth of attached weeds (without creating
- undue potential for anaerobic bottom water):should be
considered. A depth of from 6 to 8.feet is:generally '
reasonable. R R L w@;ﬁf'pgm'nnfbme{' -

oo
w Tk

- Other: considerations when setting. detentionéretentxon
facility depths include flood elevation requirements;. public‘
safety, land avallabillty, land values, present and future
land .use, water table fluctuations, -soil -profile character- E
istics, maintenance, ‘and freeboard.’ Aesthetically- pleasrng
features are also an important consideration: and can: often

gnR370/007_0314 gag L




o

The.. prxnc;pal sprllway shall conveg the lD-year,dlscharge o
" rate for total<watershed;development w1thoutlallow1ng4flow e
'to enter the emergency outlet. A smooth and:stablei A
transition to downstream facilities shall be prov1ded. The‘

O

 gnR370/007_0314 9-3 L _ j::3r;ﬁy;;aﬁ;gw
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be prov1ded with llttle -extra cost or 1oss of .capacity. A
mlnrmum freeboard of .1..foot above the~high water-elevation
of .the design-flood shall be- provrded, with higher valuessw:.:
‘considered when addressing speclial concerns. A .six: A6y foot
high security type chain link fence will be requlred around
all retention/detention -ponds. The fence shall include
three (3) strands of :barbed’wire at.the top and a minimum of
one (1) 12 foot wide double locking gate. -

"s-u‘— SR T Cled g vapnt

9.2. 4 OUTLET wonxs }ﬂg, 4f¢g{ a5;ag;}3;

< 4} oL
PTG

- Outlet works shall 'be designed.to: prevent»overtopping .0f the

embankment based on a 100-year discharge .rate considering
total watershed development. Outlet works can take the
followrng formS'“”“f.'Qwﬁ?ilk'w*ﬁﬁd;'““ﬂnﬁi*wfwﬁﬁ€ o

1. Drop inlets with prpes

S =2v- . Weirs.; .. ’;f_ SR R CT U IR P LR
.3.‘ Orrflces e ; R N VS
4, curb openlngs for parklng lot storage

I Lt ',.Ja

sizing.of .a .particular:outlet;work shall be based’on results
of - hydrologlc routing calcula-tlonSx(see Section-9. 6},
‘consrstent with.criteria.in. Sections,Q 2. 1 cand: 9. 2 2.

Ploamo o ke R e

9.2.5 WET PONDS

'The bottom ofga detentlon pond intended,to have a permanent
pool of, water; shall ‘be . sealed according-to the. followmng
criteria: - Gl g

L. COmpact the. subgrade to. 95 percent {(Standard :
H_QQ‘ ‘Proctor ‘Test).-with an optlmum moisture content of
2— percent. ;,{,u ) :"‘;_,‘i-:.r ;}t {f\ FE I o - PeEi dare ix *'i

,.,.:-C\

™ ey L3 PRy o
2. Place two 6-inch layers of clay (plastrcity index
C e greater than 20).above. the.compacted subgrade.

; ..Each..6=inch :layer.shall be-compacted.to 95 percent
(StandarduProctor Pest ) with.an optimum-‘moisture

e content .Of .2 ;PETCENt. el s

‘_Siderelopesﬂﬁor‘wetfponds.ehallabe\noxgreaeer than”3:1¢and'f




riprap .shall be. installed -to ‘protect- slopes from wave s
attack.:Riprap shall. be at least -2 feet below-the’ control~=
elevation and up to the 100-year flood elevationéplusi1 foot
of freeboard. B T N S T R SRS A7 &1 e

iy
»,,

. The following three relatlonshlps shall be consxdered when
sizing a stormwater detention facility: naiisk Ul R €

- Ll zInflow hydrograph for an- approprlate deslgn storm’.
ggimel‘(see Chapter 4) : , S PRI i

1,
h

2. Stage-storage curve for ba51n (see Figure SelAfor“

' an example)

3. Stage~discharge curve for basrn outlet control
structure (see Figure 9~2 for an- example) ‘

&:ﬁ‘ R cane ey i, BN

? In most cases, a trzal and error desrgn procedure is

- required;,-because only the-inflow! hydrograph«is known % i

- general: procedure forﬂevaluating~these varlablesflsj WAl

‘JnCompute inflow hydrographs for approprlate desrgn
".- storms ‘using.pro¢edures:from Chapter 4. <In ‘most:

‘- casesy both pre--and: post-development?hydrographs
are required.

. P
:z:_a_--,
ey

AT

. 2. - Perform. prelimlnary calculations to select a
wio.h.reasonable detention: storage -configuration (see
% 8ection 9.5)'to handle -the: hydrographs from*w *“‘
Step 1. ot

3. - Determine the physical:dimensions‘necessary -to

-~.7 hold.the-estimated volume ' from -Step -2, :including
freeboard. The estimated volume:is: the maximum
storage requ;rement calculated from Step 2.

A H vy ~} "C.’ I u-. :“ ‘E." '2.':."4.-' °
'*vQSize the outlet structure.‘ The: estlmated peak
bt iistage-will.occur for-the estimatéd ‘volume from

wyre lovStep+2.:+ The :outlet éstructure “shouldsbé sized to

convey the allowable-dischargeat this:stage.

05, 4 With inflow:hydro-graphs from Step ‘I, perform rout-

gnR370/007_0314 S 9-4 ‘
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‘ing calculations to.check the design using the

Storage Indication Method (see Section 9.6).
If the routed peak dlscharges exceed the allowable
peak discharges, or ‘if'the ‘peakstage varies , '
SLgnificantly from the estimated peak stage from
Step 4, then: irevise the estimated volume and
return to Step 3.

If approprlate, evaluate the downstream effects of
detention ocut-flow to ensure that the recession
limb of the outflow hydrograph does not cause
downstream flooding problems.

Evaluate the control structure outlet velocxty and

'Tprovzde stabillzatlon if necessary.

Because this procedure can involve a signlficant ‘number of

_reservoir routing calculations, a computer procedure is .

useful for conducting final routing computations. Addi-
tional information on retention/detention basin design -
computations can be found in articles by Mason and Rhomberg
(1982, 1983), McKinnon (1984), Mein (1980), and Rossmiller

(1982)

9.4 OUTLET HYDRAULICS

—Sharp-crested welr flow equations for no end contractioms,

two end contractions, and submerged discharge conditions are
presented below, followed by equations for broad-crested
weirs, v-notch weirs, -and orifices. If culverts are used as
outlet works, procedures presented in.Chapter ‘6- should be
used to develop stage-discharge data.

9.4.1 SHARP-CRESTED WEIRS--NO END CONTRACTIONS

_A sharp-crested weir with no end contractions is illustrated

in Part A of Figure 9-3. 'The discharge equation for thlS
configuration (Chow, 1959) is expressed as:

, B 1.5
Q =[ 3.27 + 0.4 L H ‘ (9-1)
- - H
c

gnR370/007_0314 9.5 - et
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o

H = Head above the welr crest excluding vélocity@a
‘head, in feet (see Flgure 9=~ 3 Part c)
SR UM o FER EES3 ?»3".»}“ PRI w«g},‘-*

H = Height of welr crest above ‘channel bottom,
‘ in feet (see Figure’ 9-3, PartrC): Il
mexﬂorizontalxwéinuiengthﬂminufeetw i
9.4.2 SHARP-CRESTED WEIRS=~TWO END :CONTRACTIONS ;

A sharp-crested weir with two end contractions;is;illus~ .
trated in Part B of Flgure 9 3. The dlscharge equatlon for

o _ ‘ \.i'_. ..I'l
Q= ]3.27 + 0.4
B ! : H
A e "
.. where: : T C SN A SO SRR PR SR S
Q}= Dlscharge, dAniefs oo el

=

Head . above - the weir.cresti:excluding veloc1ty
head, in feetw(seerFigure=3=3:Part C)

. Height of weir crest above channel‘bottom, in

9.4.3

AT .“"5‘?-?»: S O G ST ey twﬂ SR iy .
The effectiof submergencefon & sharp-crested weir should be
considered:when applying Equatlons 9-1.and~9=27 :Whenithe.:.
tailwateryrises-above‘the.weir.crest. elevation, the‘disq,ﬂ,w
charge over the weir will be reduced..:To account,forsthlsp;
submergence effect, the free discharge obtained by o
Equation 9-1 or 9-2 should be modified usanithe eguation: .

' .QnR3704007_03l4 . 9—7@‘-: _ ‘ RN A PR Fagts
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where: ;;JQ;,:JW

Qg = Submergence flow, in cfs
R A AT Y L e i ‘ AR il

Qf = Freekflow, in*cfs ‘
Hp =4Upstream;headqabpveecrest;ginmfeet
H2ggfpownstreamjhEad$quge;crestﬁgingfeetﬁg

9.4.4 - BROAD-CRESTED WEIRS: ‘s o

b T N ST
SR St \}1'“ 1 \ SO TR ey S ;:" .

The general form of ‘the:: broad-crested weir: equat;on'(Bratef
and King, 1976) is expressed as:

) Q=cnmtss (9-4)
wﬁefe: o TSR 2 :
] Q = Discharge, inﬂcfs
C = Broad-crested weir coefficient . KRR
L = Broad-crested ﬁeirMQengtﬁ rin«feetf
i he He=Head:above .weirwcrest.: (measured at; least 2.5H
e 1‘m upstream ‘oftheawelr); in feet~ '

If‘theﬁupstreamwedgeﬁofva;broadecrested&weirwls so rounded
as to prevent contraction;-and-iif ithesslope«of the crest is
as great as the loss of head due to friction, flow will pass
through critical:depth at;the weir crest; this :gives the
maximum C value of 3.087 for a broad-crested weir. For
sharp cormers:on:the broad-crestediweir, a minimum:C.value
of 2.6 should be used. Additional data from Brater and King
(1876 Lon« selectlnq :C..values :forr-broad-crested weirs:are « -
presentedin Table:9=-1l. iThe'effect of .crest roughness: and
' slopevon weir discharge can-be: computed by applyxng* Pewy
Manning"s.- Equatlon (see Chapter 5) LR -

ARSI N

9.4.5. V—NOTCH WEIRS

'The discharge through a v-notch weir can be evaluated using-
the following equation.(Brater and King, 1976):

!
bl
4 . : P

gnR370/007_0314 ) 9-g
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{9-5)
9{@.6 ORIFICES
The dlscharge throﬁ&hﬂgg orifice can be evaluated using
‘following eguatmon° . i
HRE 1_9-_61
_Q f_ Discharge,:in cfs: -

N Orifice coefficlent .{a-value _;— 6 is usuallx

ooy Y a e B e, .0—-— —

appropriate; see Brater and King {197 61 if
maddltlonal lnformatlon LsndeSLredjoy

_fArea g;fo if'cel

g.E_A¢ce1eration due ;Q‘gravitzﬁﬁs2w2wfeetfsecondk;

2in feet

The follow1ng stegs prov1de 2 :graphical grocedure forﬁ,

'develoglng a prellminartrestxmatetofwthe storage..volume

requlred to meetmallcwable~dlscharge“regulrements'r

1. Develop an 1nflow hydrograph and an allowable p ak

outflow rate, Qq- Plot the hxdrograph on graph
paper.

gnR370/007_0314 9-9 .- | SLLn b timny
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ig_ graph fr tep 1, draw an estimated
flow hxdrogragh with an allowable -peak outflow
Qo occurring on the recesgsion limb g;_;hg
nflow hydrograph. A simple estimate can be made
by drawing a straight line from the point at which
discharge begins to Q. on the recession limb of

the inflow hydrograph.

3. Calculate the area bounded by .the:line from St g
and the inflow hydrograph. This area represent
grellmlna;x estimate of;the reguired Storage
‘volume. Assumlng trlangplar inflow and ocutflow

hxdrog;aphs, an grellmlnagx estimateiof the storage
volume can be made using the following eguatlon-

£=0.5b _(_Ql _‘_Qo_)_ | (9 7)“

|
RERE I%’

2
s &

u-—n.‘—_—-._._‘

Qi = Inflow peak flow, in cfs = ..l

Q5 E_Ou;flow pea flow, -in cfs

=]

4. gonfl that‘theﬁp;ellmlnarvwéstlmate is adeguate.
" using the Storage Indlcatlon Method (see Section
9.6,.1Y ' ORI TN~ NNV ERRTE N R S S

9.5:2: PEAK, FLOW: REDUC'.EION fiad, el bl | |
g re imlna;x estimate pj,the‘gotegtial pea k flow reduction

1. Determlné An gut data,*includ g “the peak flow rate

of the inflow xgrograph, Q:, the storage volumeL
.§L and the duration of runo%f‘“b‘u« qwﬁ: / FRCRLECIE

L= e 49-8)

gnR370/007_0314 - 9-10"
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142}
"

__Vblume of storage. in cublc feet

;;“ Confirm that the Qrellmlna;g estimate is adegg e,

R us;ng the Storage«Indlcatlon Method (see Sectlon

_ 9 6 ROUTING CALCULATIONS

The Stdfage

. reservoir routing calculatlons for final design of detention

fac111t1es.‘uk ﬁm%r,%ﬂ,ﬂ@&ﬁw%?m““w SnE

9.6.1%:STORAGE INDICATIONeMETHObﬁMﬁff{ﬁﬁ

The following 'procedure: igﬁ%””d“tdigérfd' a reservoir

routing by the Storage.Ind dication-Method:

‘1. ‘Developianiinflow hydrograph,'a stage-discharge
curve, and a stage- Storage curve for the proposed
Ea detention:- facilities.: ~Example stage-storage and
stage-dlscharge curves are presented in '

» Fiqures'"9=1. and 9u2 resgectLVelx

gigeﬁgeleCt“aVroﬁting“time“geriod?thjmggﬁgrBVidefgg.
| least .fivepoints ‘on the:rising-limb-of-the inflow
Tg%?ﬁ;hxdrogragh.;w s e GolEabe noeE

3. Use the storage-discharge data from | g
IEV develop storage- characteristics ‘curves': that»

provide values g;_g‘“ﬁOthz”versus*Staqe. An
example -tabulation of .storageicharacteristics

gurve data is presented ln Table 9 2 and

gnR370/007_0314 9-11-"
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Ia

For a given time interval, I; and I are known .
Given the depth of storage or stage, Hjy, at the
beginning of that time. 1nterval, 51-01Wt/2 can be
determined f: from the appropriate storage charac-
ﬂterlstlcs Lurve Le.g;L Eigure 9 4.

5. Determlne the value of.- Sy __ghWt[ from the
follow1ng relatlonshlg

Wt = Routing:timewgeriod{ in seconds ‘. :

;.$yslh:,5torage yolume at time 1, in -
" gubic feet |

J,curvey(e q.. JFiqure 9 4y at the value of
'"Sz + OoWt/2 &eter-mined in § tep.5-and; . read off a

H_-—“—-—_——‘

new egth of Eg;g;L H2

1 through 7 etting.new:values of
pyps 01;_Sli_and H; equal to théwﬁreﬁioﬁi'lz;,gzg
So. and HzL,and using a new Iy value. Thls

. ————————— e Sr— — Wi — S

gnR370/007_0314  9-12. - :*3¢N:g:~;:;;;l
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§,6.:2 EXAMPLE PROBLEM:. . %0 ‘i’ lln Ll el W00 ' O
'Example S-1. Reservoir Routing Using Storage Indication
Method ' :

An example application of the Storage Indication Method
using data presented in Fiqures 9-1, 9-2, and 9-4 is

columns ‘1 and 2 of Table 9-3. The pbjective is to find the
outflow using the Storage Indication Method. A step-by-step
discussion of the calculations summarized in Table 9-3 is

presented below.

l. Using the data tabulated

it i —— ————————————— i S ——tar et S ——

calculates

_and tabulate these values in Colﬁhn 3 of
Table 9-3. : :

2. Given that $7-0;Wt/2 = 0.05 acre-foot for Hy = 0
foot, fimd S, + 09Wt/2 by adding 0.05 + 0.01 '
(Column 5 vafue pfus&Column 3 value) and tabulate
0.06 acre-foot in Column 6 of Table 9-3.

3. - Enter the 8§ + OWt/2 storage characteristics curve
- in Figure 9-4 and‘read the stage at the value of
0.06 acre-foot. This value is 100.10 feet and is
tabulated as stage Hy in Column. 7 of Table 9-3.

4, Using the stage of 100.10 feet found in Step 4,
enter the stage-discharge curve (Figure 9-2) and
* . find the discharge corresponding to that stage.
. In this case, 0 is approximately 1 cfs and is
tabulated in Column 8 of Table 9-3. -

5. Assign the value of Hy to H;, find a new value of
8 -01Wt/2 from Figure 9-4, and repeat the ‘calcula-
tions for Steps 2, 3, and 4. Continue repeating
these calculations until the entire inflow hydro-
graph has ‘been routed through the storage basin.

gnR370/007_0314 914
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CIT 6. The Storage Indication Method calculations give a

. ‘ peak-outflow:0f 220 cfs. '~ The -inflow-hydrograph
has a peak rate of 360 cfs, so a reduction of
approximately 40 percent is calculated.

.. f_%.yw_. ers
9 T M.M_E_ .TREATMENT

Protectave treatment ‘may - -be required to prevent entry to”

facilities that present a public safety hazard. Fences

‘shall“be"provided for détentiodn areas where ‘one or more of*
, the followrng condltlons exrst.

-

-

1. Rapid stage changes that would make escape
BERR -»practically impossible for small children

“:. 2, . Water. depths ‘that either exceed 2.5 feet for more
than 24 hours or are permanently wet and have side
slopes steeper than 4 1 (horizontal-vertical)

3. ‘Passage through the detentlon area. of a low—flow

wys. o7 Cuo.watercourse or.ditch with-a depth greater than..
. 5 feet or a flow veloclty greater than 5 feet per
S e 00 oseeond el T ‘ by :
‘ LR - -4, . 8ide slopes that equal;or7exoeed:1.5:1£,w
q:> - (horizontal vertical)

. A . . . ,«;
Guards or grates may be approprlate for other condltlons,
“but in all ‘circumstances heavy debris must be transported
~through ‘the detention area. . :In some cases, it may ‘be R
advisable to fence the watercourse or ditch rather than the
detention area. Co

. ~Fencing - should‘be_con51dered_for dry retentlon.areas with :

desrgn depths in excess of 2.5 feet for 24 hours, unless the
area.is. within a fenced, limited access. fac11mty

¢

O

gnR370/007_0314 ' 9-15
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Measureg
Head, H

: Table 9~-1
:BROAD=-CRESTED .WEIR -COEFFICIENT C VALUES

"As A FUNCTION OF WEIR CREST. BREADTH AND HEAb

Weir Crest Breadth (ft)

L1991

(ft) 6.50

0.75

~1.00: 7,

2,00 2.50:

3.00 4.00 5.00

10.00

15.00

0.2

de BT s
s

0.4 .

3.32

IR A T
2.5 3.32

3.0
3.5.
4.0 332
4.5 3.32

5.0 "3.32

Reference:

3Measured ‘at least 2.5H upstream of

gnR370/022

3.30.7

3. 35

i3, 321

3.327

Car e
Challh

3.32

3.32

2.80 1 2.75:

N
I

.2.92 .2.80-

3.08 2.89

303203014

A

j 26

3 26

332 329

13432

3.31

ot

3 32

3.32

13,32 -

3.32

3.32

J.32

3.04

3.32°

2.69

272

2.75

“2.85.

2.98:

3.08

13.20 2.9

Y
wdedl
”3.30
s
i
3.32

3 . 3’2"

3.32

3.32

3.32

332

R

2.64

w3507

3.03

3.32

3.32

3.32

'3.32

Brater and King (1976).

2.62

2-64. 2.

2.68

2.86

3.07

3.28,

3.32

"2,60 - 2.60

':2 772, ea;

'2.89 12.75

;2‘88 2.74

2. es'h2‘56‘

FLaiy

‘3 20 3 05

:‘3 32 3 19

3. 324,3 32
3.32 3.32
3.32 3.32

3.32 3.32

the weir,

9-16

>2.7s,+2g66452a64,,

2 70 2 65

2. ea“ 2 69" ‘2 T
‘2 67 ‘2 68 z 68

2.6$ap2

el

cr¢;;

"2 64 2 67 2.66

2 64 2;65 2 65 -

fw""}

Soes 2ﬂ659hé.6s

_2 68}ﬂ2766,”2 65
"f ‘.‘
2 68 2. 65

"2 72

3:07 2. észsff"‘

TSN e O R HE R
2,92 2.73..2.66.

2. 97 2 167 2. 68
”5\ - H el

23 07 2 79, 2 70

ady ,w‘ i

3.32 2.88 2.74

3.32 3.07 2.79

3.32 3.32 2.88

2.44.2.38 2,34

+67..2.68 .

9, '“-fz . 68

2,67
2.64.
2.64

2.64

‘2Qé4ﬂ3w

2@69

‘2L64§-

2,64

2.64

2.64

"2.70
2.64

©2.63

2.64
2.64
2.63
2.63

2.63

~42 €63

2.63

gl 2 . 63

t2.63 -
2.63 )
2.63

2.63
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‘ ; Table 9=2
m . ' ~EXAMPLE TABULATION. OE‘ STORAGE CHARACTERISTICS. CURVES
(NI

“gtage” " Storage- . Dischargeb s At s _ﬁt

i (ft above NGVD) (acre-ft) "‘ oo {cfs) (ac:re--ft/hr:)“‘l~ (acre-ft) (acre-ft) o

. < oL A E oo ul S WAES Siu i
Coee 100 oo apr0.05 0 0.05:z. . 0 05

101 0.3 .15
. Vi, o e T ‘ DR e -
102 . »0.8 w35 07w 2,89 LILG 0.56%. 1!
8.21 o 1,170 2

0.20: . 0.40

103-:- ‘{

Lt e PR R
TS . Pl . et

8 . . 95 uuius 7.85 ik 2,154 3245
” S

o143 00 000 11,82 000 3.41 0.0 5,39

104 -

105

106, 6.6 4200 .. 16.53 0 5.22.. 7.98

e 107 10.0 0275 el 22073 00 8.1l 11.89 |
3 i ‘ N L b L I L «
i ! A .
Obta:.ned from F’:Lgure 9-1. St ‘ ‘

C Pobtained from Figure 9-2. .

€4t = 10 min = 0.167 hour.

dl cfs = 0.0826 aére-—ft/hr-:" T
_ : O

- A e R R T L PR ST PPV L L e
A T Lot : o B Lo

»)
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‘ *~- Table 9-3 !
.0 STORAGE .INDICATION METHOD=--EXAMPLE. CALCULATIONS

e 21 (3) 4 (5 __t8) (7 (8)

R S a0 : I
. et L ey i e Qutflow,
Hy o o~Spi-sTAt 5o+ =50 Hy ™ o

o] +

CTrime T Tnflow

’ﬁﬂéwumb ‘,iﬁi%ﬂmuah( Y

Amin) (cfs). {acre-ft) (£t) {facre-ft} - (acre-ft) (£t) - - (cfs)

L 0 B SRR wre s R o
10 2 0.01 : 0.0 0.05 0.06 100.10 1
020 274 0 0.20 ¢t .5 . 100.10 =0.06 C 0.26 101.10 - - 16
30 130 ‘ 1.08 101.10 0.21 1.29 102.20 41
40 3000, . $2.96 7.+ 102.20 .0.61  3.57 104.10°° 100
50 360 _ 4.55 104.10 2.20 6.75 . 105.60 175
) 289, o 4.47 #w ... 105.60  -4.40 © . 8:87 - 106.25 " 217
70° 194 . 3.33 106.25  5.80 9.13 106.30 220
. 80 133.,-:.  2.25 5070 106.30  £5.90 °  8.15 °  106.0% ‘- 205
90 91 1.54 106.05 5.30 ° 6.84 105.65 177
100 61" 1,05 .. 105,65 4.50 . 5.55 105,10+ - 147
110 37 0.67 105.10 3.60 4,27 104.50 116
2320 . 20, .6 0.39 ;7.u0 104.50 2,70 3.09 103.80 - ' 87
130 1T 0.21 103.80 1.90° 2.11 103.05 64
140 5 0.11 103.05 ~ 1.18 - 1.30 = 102,25 .. 43
150 1 " 0.04 102.25 0.63 0.67 101.40 22
160 0 ' 0.0 101.40 0.35 2003561 0V 300,700 0 TEIO

Note:

Q. : o s SRR S L e
2 1 1 + 72
- = - — ——t i -
52 + > A; [Sl 3 At} +[ > t] Equation 9-9

(column 6) = (column S)'+ (column 3}

gnR170/007b - 9-18-
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A):No End Contractions

i
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i N

EEI— B e

C) Sharp-Crested Welr and Head

////////f//////_/// ~

[

“ lllustratrons of ‘Wnlr Flow. Control Structures

- C')

FIGURE 9-3
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NOTE: Data p(manwd in Table 9~27
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Storage Characteristics Curves
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*Wﬂfn“”” “and” debrls, off the’ streets. ‘“f*j
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‘ ‘ Chapter 10"
EROSION AND SEDIMENT CONTROL

- . o “ Lo - . Lo
[T 1 L A LRI I R ppar S

,lU.l EROSION AND SEDIMENT CONTROL PLANS ,

f10;m$1 “SUBMITTAL REQUIREMENTS "'““ﬂ e
The Englneer of Public Works shall requ;re the followrng
‘”lnformatlon ‘on“the er051on and/or sedlment control plans.

1. A complete plan of the proposed development at a.
e BA Y goale o less” than 1 1nch 100 feet.u This plan
is to include ex1st1ng ‘and proposed ‘contours at
lntervals no greater than 2 feet w1th at least one
benchmark requxred. B

2. Ex1st1ng and proposed bulldlngs, 1mperv1cus
eoneewtiaie gurfaces, “and 'drainage” structures, 1nclud1ng
inlets, catch basins, manholes, ‘junction boxes,
driveway plpes, culverts, Cross dralns, headwalls,
”'outlet faczlltles, andisanltary“sewers, f“

' i"..-‘/

ARy proposed’drainage 1mprovements, such as’ )
hoen channels, dltches, dralnage plpes, and structures.

ero AR AN 4

All fill: areas 1nd1cated as such, w1th the llmlts
e and elevatlons 1nd1cated. s s

Draznage arrows 1nd1cat1ng the exlstlng and
proposed d1rectlon of runoff throuqhout the plan.

M A . e v.,

6. Temporary erosion” and sedlment control measures “to
be implemented during constructien, including.a
time sequence schedule for the construction and
erosion control. plan.

ETﬁ “Measures the builder or contractor will use toE”

i keep ‘construction materlals, lncludlng dlrt,‘mud

ek e
A B

10.1.2 BASIC PRINCIPLES

' The design of erosion and sedlment control systems lnvolves
 the application of common ‘sense’ planning, schedullng, ‘and

gnR370/010 | | 10=1
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control actions that will minimize the adverse impacts or
scil erosion, transport, and de9051tron.-'F1ve basic
principles govern the development and implementation of a
sound erosion and sediment control plan:

1. -~ ~Plan”the project to’ take ‘advantage of the topo- ,
graphy, soils, waterways, and natural vegetatlon
at the site. v
3tuztf”fExpose the smallest practlcal area for the short-
Y Y1 possrble time.

o BQfE'Apply ons;te erosron control measures to reduce
c the gross erosron from the srte. "
o ot VAN :
4, Place sedlment control measures to trap eroded
materlal and prevent offsite damaqe.

“S}x':Implement a contlnuous marntenance and inspection
. . program. -

FRER

e
o
S

.

¥ The practlces con51dered in thls chapter are c1a551f1ed as

Y either erosion control or sedlment control. In general,
erosion control practrces are designed to. -Prevent soil
,partlcles from belng detached, whereas sedlment control
”practlces prevent “tHe detached partlcles from leav1ng the
site or from enter;ng a rece;vrng water.; Sedlment control
‘meagures are generally'structural in nature, erosion control
measures <¢an be either structural (such as dlverSLOns) or
non=- structural (e G mulches). Addrtronal information,
'1ncrud1ng constructlon detarls, can be obtalned from the
‘Manual for Erosion and Sediment Control in Georgla (Georgia

Joil and Water Conservation Committee, 1980). - |

'10;2'\sROSioﬁftdﬁtﬁbrff;fi“

- The erosron control plan shall. effect;vely control and
reduce SOll erosron from dlsturbed and fllled land ' The
etrdeion control plan shall 1nclude approprlate measures from
the following categorles.

1. Surface stabilization

_-@. . .Mulches. : .
. b. . Seedlng and vegetat;on

gnR370/010 © 102
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”io;éizfTédh?éér“swaaiLiZATioNf”

Co .- Chemical binders and -tacks
Coode Synthetlc fabrlcs and rlprap

2' o RunOff ContrOl - ' ,, Sl
...a... Diversions: .. fqu;,,;-,;w;ww-a
b.. Slope-and .down. drains: - .. .
C. .Level spreaders R TR TR

d. . Check dams , ' .
. Outlet protection. ..o el o o oenEd

,;3,:MQExposureLschedulinguu”“ S SO A P

S L f‘tr‘f;'

PSR

- Approprlate control measures for each classrflcatlon sAres

.defined 'in, enough detall to 1dent1fy applicable condltrons
for employrng each measure. . Quantitative: performance. :data

T and aodltlonal 1nformatlon related .to design.considerations

Vi

are. avallable 1n other references, .such as.USDA, SCS:{1975},
hlschmeler and Smlth (1978), Goldman et al., (1986), .0 the.‘-
Ceorgla Sorl ano hater Conservatlon Commlttee (1980) L

r B TR I e

WL

Constructlon eroslon control measures are usually temporary,

T intended to Funct:.on for. only .the . duratlon of construction.

To the maximum extent possible, surface stabilization mea-
sures shall provide. permanent. protection once. constructlon
is complete. 1In addition,” ‘the" Tayout for’ temporary runoff
control measures shall be .consistent Wlth the. layoutlof
permanent dralnage faczlltles. : ,

..,‘,* -

Surface stablllzatzon measures w11l be requlred,when land as‘
Cleared. and ex;strng condztlons of the soil .surface, are
altered. ‘Surface stabilization control measures 1nc1uce
mulches, seeding and vegetation, chemical blnders or tacks,

(

and synthetic fabrics and rlprap. R

v . B R i

ﬁ&iéﬁés frémpérarﬁffmf

1 mporary stablllzatlon and to help establlsh plant f j

‘wcover%by holdlng 1n molsture and preventlng seed 1oss.J The

9nR370/010 © 10-3

major types or mulchlng materlal lnclude straw or hav and
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wood chips. Mulches are practical for'§ months or less on
gracded or cleared areas: when the growing .season is not
~suitable to produce an erosion-resistant cover from
seedings. Final grading is not required before mulching,
'but mulch may be applied after final grade is reached.

Any structural erosion control features should be installed
prior to mulching. : -

Seeding and Vegetation (Temporary?and*Permanent)

Surface stabilization by vegetation includes temporary
seeding, permanent seeding, sod, vines, shrubs, and trees,
Sod is preferred in situations where- 1mmed1ate protectlon is
required, ‘such. as‘in swales or ‘ditches.” The" types of “seed-
-ing“and‘vegetatlon, application rates,lslte preparatlon,‘and'
fertilizer and water requirements- ‘should be consistent’ thh '
. ‘the-growing season and- duratlon of protectlon requxred “““

. Mulching- should be employed along with ‘all seedrng opera-
tions. - Guldellnes “for selectlng ‘and placing vegetation are
presented ln Table 10-1. To establish permanent vegetatlon,
'soil testlng resilts should.be’evaluated byan:agronomist to
determine soal treatment requlrements for parameters such as
«PH, nltrogen, ‘'phosphorus; pota551um,‘or other Tactors. Vege-
~tat1ve cover must be lrrlgated durlng dry perlods. ‘

4 (s
LA ‘..‘ L)

Chemlcal“BlnderS“and=Tacks (Temporary)
Chemlcal blnders and ‘tacks’are’ sprayed ‘on bare soils or :
mulches to bind soil particles‘or mulch materlal,‘reduce
moisture loss, and enhance plant growth. - A chemical binder
ar tack is a temporary erosion:control measure.and may be
applied with seed, llne,,and fertilizers. Chemical blnders
~‘and “tacks" provxde a viable alternatlve to’ seedlng if-
construct;on occurs at a time when seeding 1s not feaslble.r

i

R

REL IR

Synthetic“Fabrics“and”Riprap‘_“
Other stabilization materials include nettlngs and plastlc‘
filter sheets for temporary control and dumped’ rzprap for’

permanent control. Nettlngs of fzberglass, plastlc, and
paper yarn can ‘be used ‘to anchor straw, hay, wood chlps, or
grass ‘and sod in dralnageWays and in other areas subjeot to
concentrated “runoff. Plastac fllter sheets, whlch conslst
of“porous “fabric ‘woven from polypropylene monofllament '

gnR370/010 " 10-4
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| 10:2!3*‘RUN0FF*CONTR0L"

A diversiof dike"is a rldge of compacted soll Placed abovyzu

yarns, are l;ghtwelght, porous, strong, and abrasicn. ,
resistant.” Dumped rlprap conslsts of stone or broken con-n

crete dumped in place on a fllter blanket or prepared slope

to form a well-graded ‘mass Wlth ‘a mlnrmum "of vords.

Runoff control': measures will be requlred”whenever natural

\and/or ex;stlng land condltlons result in an increase and/or

change in runoff Thls wxll lnclude when land 1s cleared
and/or vegetatLOn removed to lnstall utlllty systems,,such .......
as storm’ and sanltary sewers, gas, water, electrlc, and

-telephone. Runoff ‘control’ measures lncluce dlver5lons,

slope and “down" drains,‘level spreaders, check dams, and
outlet protectlon.i.,”“

PSR E

'fDiversions:tTemporary or Permanent)

Any structure that -slows or diverts runoff away -from- exposed:

¥ areas can reduce erosion. Types of leerSlon structures -
: include-dikes," swales,land channels, any ‘of whlch can func_,
- tion as”temporary”or permanent fac;lltles.b:f”

below, or around a disturbed atrea to’ 1nterCept runoff ‘and’
drvert it tc a stable area. Generally, a dlverslon dlke 1s
the“least durable dlvers1on structure and 1s best used to
provxde protectlon for short perlods and relatlvely small
amounts" of runoff. A drke is often approprlate aboVe a f
newly constructed cut and f;ll slope to prevent excessrve ,
erosion’ unt11 ‘more permanent control features are establlsh-
ed. Where thé ground slope is not steep, a dlke is also
approprlate above graded ‘slopes’ to dlvert sedlment laden":"
runoff into sediment traps or baszns._ Once the slope is
stabrllzed,‘the dzverslon drke sbould be removed, o

A diversion swale- 1s an excavated temporary dralnageway .
used ‘above and below dlsturbed‘areas “to lntercept runoff and
divert it to a safe disposal” ‘area.” A d1vers;on swale ‘¢an be
constructed at the perimeter of a dlsturbed area to trans-“\
port sediment-laden water to a sediment- trap or*sedlment ‘
basin. The swale should be left in place until the dis-
tirbed area is' permanentlj stabllrzed A dlver51on swale'
can be constructed Ln conjunctlon w1th a dlke to prevent

o

gnR370/010 | o 10-5
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stormwater from enterlng a dlsturbed area.f Although A
generally a temporary feature, a carefully''planned swale .
could also become part of the permanent dralnage system. .

A dlver51on channel is a permanent or temporary. dralnageway
constructed by excavating a ditch along a-hillside™and often
building a dike with. the excavated soil along the downhill
edge of the" dltCh. ‘In"other words,‘lt can be a. comblnatlon
of a ditch”and  a’ dJ.ke.= Although dlverSLOn channels can be
used" in" place of temporary structures llke dlkes.' d swales,
their primary- appllcatlon is to provrde permanent'runoff ﬂ"
‘control on” long slopes subject to heavy flow concentratlons.
In addition’ to uSage on or above long sporl slopes, dlver-._
sion channels are’ practlcal for 1ntercept1ng runoff o
upgradient of a roadway to prevent offsite flow from
entering gutter and inlet facilities.

Slope and Down Drains (Temporary~or Permanent) .

# Down’ drain’ structures (plpes) and slope dralns {paved or
. sodded channels) can be used as _temporary or permanent .,
' structures to conduct concentrated runoff safely down a
slope. Such _structures are often used to help dlspose of,
water collected by dlverSLOn structures.; § 5

-

a paved slope draln ls a channel placed to extend from the
top to the bottom of a slope and. llned;w1th bltumlnous con-
crete, portland cement. concrete,‘or comparable nonerodlble
material {such as’ grouted rlprap). Thls structure is.
generally used to conVey a concentrated flow. of surface -
runoff down’ a_slope w1thout causlng erOSLOn.' when flow is :
‘-supercrltlcal, a pipe down draln should be used to preventfg
flow from leavxng the channel o

a down drain“generally consiétsiof'eitﬁer'corrﬁgateammetalf
pipe or flexlble tublng, .together with a prefabrlcated
_entrance sectron, and’is temporarlly placed to extend fromﬁ
the top to ‘the’ bottom of a slope.‘hb_; )

T B

‘Level Spreaders‘(Permanent)‘.

A level spreader is generally a. permanent outlet co structed
at zero percent grade across the slope to convert a e
. concentrated flow of sedlment-free runoff (e g., from

gnR370/010 - 10-6
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z“"’39C‘l'xec::k“I')"a'r'h's"."(P’er."ma'n'el"lt)’""f“

ay

“velocities. Check dams are used where ‘the™ followlng
'condltlons occur-4n~~s, rindl

diversion outlets) lnto sheet flow and to. dlscharge it at,
nonerosive velocrtles onto undlsturbed areas stabrllzed by

-exXxisting- vegetatlon.‘ The: level spreader should be used only
“where the followlng condltzons are roundl ’

sAgmoa A

T,

“1:- mThe spreader can be constructed on undlsturbed 3
BOL-AT 501 l _ e . ‘|

et

2. The area dlrectly below the level lip lS
- *ﬁ”stablllzed by exlstlng.vegetatlon.agg
BQ&ﬂ'The dralnage area above the spreader ls stablllzed
”L”"fby exlstlng vegetatlon.‘ s

4, f’The materlals used are rlgxd and nonerodlble,‘such
. as concrete or asphalt, and a f;xed grade can be
malntalned.. S h

5. The water will not be reconcentrated rmmedlatelx
below the peint of dlscharge.~ ‘*nww=wfw

T P I e T

A check dam is generally a permanent structure used to maln-
taln subcrltlcal flow and thus” stabzllze the grade orrh‘
control head cuttlng 1n natural or art1f1c1al channel
Check 'dams” mlnlmlze or prevent excessrve er051on by* reducrng
veloc1t1es in- watercourses or by provrdlng partlally llned )
channel sections or structures that can’ wlthstand hlgh flow

cod

r

K

“°ld “The capac1ty ‘of ‘earth or vegetatlve measures to

“handle water safely at perm1551b1e velocities” ls'
exceeded.

2. The.grade:orwoverailiconditions are excessive.

30 Water must be | lowered from one elevatlon to "“wi
e another. . R

R L I

Outlet Protection (Permanent)“**‘?‘““'ﬂ'”T” SRR

Outlet protectlon entalls prov1dlng de-energlzlng dev;ces

‘and erosion-resistant channel sections between draznage

'gnR370/010 - - 10-7
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outlets and stable downstream channels., The channel sec-.

‘ tlons may be rock llned,,Vegetated,\paved Wlth concrete, .or

otherwise eros;on-re51stant. The purpose or outlet protec-
ticn is to convert pipe flow to channel flow and reduce the
velocity of the water cons;stent with the channel. llnlng.
The 'flow of ‘water can then be’ conveyed to a stable existing
downstream channel w1thout causing erosion. .

-

‘This practlce 15 appllcable to storm sewer outlets, road

culverts, and paved chahnel outlets” ‘discharging into natural
or constructed channels .that, in turn, dlscharge into exist-

“‘lng streams or drainage’ systems. The approprlate treatment
' should be provided along the' entlre length of the flow path
. from the end of the condult, channel, or structure to the
Tpornt ‘of entry 1nto an’ ex;stlng stream. or publ;cly main-

tained dralnage system. Detailed 1nformatlon on energy
dissipation is presented in HEC-14 (USDOT, FHWA, 1983).

10.2.4 EXPOSURE SCHEDULING

The season and length of time cleared land is. exposed to .the
erosive forces of rainfall can have a s;gnlflcant effect on

,gross soil loss, 1In general,. the goal is to.select the
" season and duratlon of exposure 'so. vegetatlon can be.. estab-

lished before heavy ralnfall.‘ Hlstor1Cally, the highest

‘:monthly ralnfalls in Huntsvxlle occur durlng March Aprll:
"May, and December ‘(see Table 4= 2) A quantrtatlve evalua-

tion of exposure schedullng on. the gross 5011 loss from .a.

site can be performed using the monthly dlstrlbutlon of the

rainfall factor, R, which can be obtained’ from data: pre-,}w
sented in Wischmeier and Smith (1978).  This. evaluatlon
1nvolves determlnlng the. approprlate surface stablllzatlon
factors for the sequence of land covers belng consrdered.

. 10.3 SEDIMENT CONTROL ..

Sediment control measures will be required to. trap eroded
material from exposed areas ‘and to prevent offsxte damage.
The sediment control plan shall include approprlate measures
from the.follow1ng categorles.ur,q - - : :

. 1.;_ Straw bale barrlers and 511t fences
L2 Traps _ .

gnR370/010 ' 10-8




”only when other. alternatives ‘prove. inrea51ble and . 1n Jthe
*follow1ng151tuations.“x ' L

| 5
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3. Basins )
4.“ Construction entrance stabilization

i PR

Sediment ba51ns shall*not be constructed under the follogrng
conditions-kf;- o | X

o ‘ e e INEERL DrsE 8
‘“Failure would result ln loss of life,ﬁdamage £0 .
buildings, or 1nterruption ‘of serVice from public

roads or utilities.
L 5 o EEE T A

f_i(y’-*h

the’ C1ty of Huntsv111e.

10 3 1 ST W B BARRIERS D SILT FENCES TEMPO VR

...... L &,

‘wv"';«

Straw bale barriers and s;lt fences are temporary construc-‘
tion measures with a life expectancy of 3 monthsaor less.p
They can be’ placed across or at theﬂtoe of an exposed area
to intercept and detain small amounts of sediment from
unprotected areas of limited extent., ,Straw bale barriers.
and silt fences are stop-gap measites that” should ‘be applledj

Rs

~w@,\

- Water is not concentrated in a channel‘o
*;drainageway above the barrier. ” '

B T T LRV
L PR PR

3. Contributing drainage area is Tess than one-half
., acre and the length of slope above the dike 1s
"“ﬁless than 100 feet._hf L

Lk g

Straw bales shall be placed in a row with -ends tightly abut-
ting adjacent ‘bales.” Each bale shall be embedded a minimum
of 4 inches into the so0il and securely anchored 'in place by
stakes or rebars. Silt fences shall be 1nstalled consistent
with' man aCturer specxfications. Sketches of straw bale

barriers’ and ‘'silt fences are presented "in Figures 10-1 and

10-2, respectively. .

A - . |

Ll e
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? Sketches of - temporarx traps at” storm sewer 1n1ets are’
fpresented 1n Flgure 10 3 fut_. :

=10;3.3.“3 Iﬁs”{TEMPo RonR”fEﬁﬂi’Eﬁr e

- BUNISVILLE-SMY - | R L T

10.3.2. TRAPS (TEMPORARY OR PERMANENT)

A sediment trA§*is*a‘temporafy“ﬁasxh’fbfﬁé&’by‘éh excavatlon
and/or an embankment to Lntercept sedlmentsladen .runoff and

“trap-and retain the sediment. In so doing, dralnageways,

properties, and rights-of-way below the trap are protected
from sedlmentatlon. If malntalned bx periodic cleaning,
traps can be used as permanent fac;lltleS.J%ﬁf

An earth outlet sedlment trap con51Sts of a Eééfﬁ formed by
excavatlon and/or an. embankment. The trap has a- drscharge
point over ‘or dut’into’ ‘naturat’ ground.' A plpe outlet sedi-
ment trap consists of a basin formed by an embankment or a
comblnatlon of an embankment and. excavatlon. - The outlet for
the trap is through a perforated rzser and a plpe through
the embankment.

A trap ‘can also - betformed'at:stormfsewer“iﬁi@té“EQ“plaCing‘a

raised barrier around the inlet. In all cases, the trlbu-y
tary area to'a’ sedlment trap shall be llmlted "to . 1 acre. )

ety ! BRI S

Conlner

\,,‘,4.‘,“ St

A sedlment ba51n is usually a temporary fac111ty constructed
along a flow path to capture sediment carried’ by’ TUnoff ‘from
a cleared constructlon 51te._ .The basin is. formed by placing

‘an ‘earthen dam 'across the’ watercourse, by excavatlng a

depressiocn, or by a combination of the ‘two. Basins act as'a}
last line of defense aga;nst off51te sediment damage and, if

‘malntalned by periocdic cleanlng, ‘can sometlmes be used as
_permanent fac1lit1es.l' :

Ve oot

Components of a typlcal sed;ment.basxn are 111ustrated in
Figure 10-4, includlng the followlng ‘of storage volume:

“t?’ia‘:”sedlment storage volume for retaining trapped ”i

V.'SEdiment LT AN - A

‘-’,ﬂ2:ffﬂbetention storage volume ‘to hold the desxgn storm .
. d”for al duratlon suffic1ent to remove_sedlmentA“ U

3. . Flood storage volume to prevent ovartopplng and |
) dam failure durzng rare storm events

gnR370/010_0314 = . 10-10 . _ L e e
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s ﬁsedlment part;cles .uses the follow;ng equatlons--

'gnR370/010 ' - 10-11
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'Sedzment basins. requlre scheduled Lnspectlon and maintenance

to function prcperly and shall be .located for easy access,

.In addition: to routine maintenance, sediment basins.shall be
" inspected’ after all major storm events:to-ensure that spill-

way structures are not clogged and that the sedxment storage

‘volume has not, been, exceeded.@‘nfqgeykqaﬁﬁ CoLmeeh

o AT

TR sedlment ‘basin shall be, cleaned out when it has reached

50 percent of ltS sedlment storage capacxty.,ﬁA red pole
shall be placed in the sediment storage area to establish

_.the depth at 50 percent .of.the .storagewolume. . When ;the red
"pole dxsappears, the sedlment shall :be.removed... The method

of sediment dlsposal ‘'shall be productive and shall be
clearly identified on the basin plans prlor to constructlon.

E

VTL0.3.4,aAPPROXIMATEAEASINuSIZINGV-

i . AT o

4wAn approxzmate method for 5121ng a- sedlment bas;n based on

order- f-magnltude settling velocities for various -sizes . of

.
-t

A=60Q5 | {10-1)
min o o T |
where: i o
A = Surfacemarea of sedlment basxn, ;nfsquare“feet
VHQ:enDesign discharge,.in cfs‘.‘
upse;fSettling veloCth of sedlment, 1n mlnutes/fcot
__[f’-(from Table 10-2) - o
Wﬁafifﬁénulnlmumndepthuof;baSLn,Lih‘teetb
min’- -

v = Velocxty of flow through the ba51n,'1n
feet/second

e Ty e e e LT T e
A¢W'=:WidthLofﬂbasin,.in.feet.,geg_uv

’ Settllng veloc1t1es for varlous sedlment partlcle 51zes are .

presented 1n{Table 10 2.‘ After. the requzred surface. area..
has been calculated: usxng Equatlon 10 -2, thewfcllow1ng
guldelznes prov1de a basis for cizing the basin:
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1. Prov1de volume for storlng settled sollds.‘”j“'7

'2.:“,Keep flow-through ve1001t1es at or below 0 5 foot
: -per second R L

3. Avoid unnecessary basin width' (rule-of<fhumb' - "
length >3 times width}). In wide: ‘basins, 1nstalla-
“tion of a baffle ‘is suggested to aVord short g

-ﬁﬁcxrcultlng. P ;
IR It is generally 1mpract1ca1 to trap sedlment flner
' 'than 511t-51ze=part1cles (or in some cases flne

~»sand).»-:ﬂ77\--h- w : ‘“’”V"f' S

An example application of Equation 10-1, us;ng Q = 5§57 cfs_

and S = 33 minutes/foot (for silt), gives A =:112,860 ‘square

feet. Assuming a w;dth of 50" feet, a minimum depth to main-

tain- aFVeloc1ty of-0.5: foot/second ls calculated uszng e

- ‘Equatien '10-2 ‘and’ glves adi, . of 2.3 feet’ To prov1de
m'sedlment storage, an addltloégl 2.7 ‘feet ‘of" depth are added,
f resulting in the following dimensions:

Depth = 5 feet

. Width = 50 feet ° "
Length = 2,300 feet
Area = 2.6 acres

+10.3.5. - CONSTRUCTION ‘-ENTRANCES ' (TEMPOKARY) ~

All points of access to a construction site shall be stabil-
ized to reduce or eliminate—the tracklng or flowing of
' sediment onto public rlghts-of-way. A stablllzed pad of
crushed stones is to be placed at ‘entrances of construction
sites for this purpose. Malntenance activities shall

- include periodic:top dressing wlth ‘additional stone as con=-
ditions demand or cleanout of any fac111t1es used to trap
sediment. T A A

In some cases, wheels of construction vehicles should be
cleaned prior to leaving: the  construction site: When
approprlate, a stabilized area (one with crushed stone) that
drains-into a. sedlment trap or“basin’ shall be’ provrded B
Details«for- treatment. of a typlcal constructlon entrance are'
shown: in- F;gure*lo 5.- SRS Bt e R

'gnR370/010 - ro-12
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©rable 10-1
GUIDELINES FOR"SELECTING VEGETATIVE COVER

Application
. Rate Per .
Acre (lb)a‘m.m

Plant or Plant-Mixture L kPlanting Dates?g

TEMPORARY PLANT MIXTURES ggj‘ﬁﬁiﬂwifﬁfﬁlﬂJﬁuR@‘,14

1. .Abruzzi Ryes: C - 70

Kentuéky 31"Fescue . "' 0 5%

WEepxng Lovegrass .
2.. Kentucky 31 Fescue
: Reseedlng -Crimson Clover

-SSR
. 5 1. .
St

“lSeptembef-December

A e e M s

January-Aprll 15
January-Aprxl 15

Weeplﬂg Lovegrass - \ ST

L ' -
5 bt K - E b

‘*January-Apfll 15

April-August -
Aprll-August
Aprll-August

3. Bréwn' Top Millet© S - g
- wWdeping’ Lovegrass et
: Kentucky 31 Fescue ) _— 30

; Py ; . b ( g g N
¥ PERMANENT*pﬁANT MIXTURES ?} : L e e ?wéﬁj;*.vﬁ
cé pes Steeper than 3:1 . _f?%::‘ e
1. Bermudagrass (Hulled) ' .20 Aprll-June -

Aprxl«Junéxm
Aprll-June

RTRRERAN S WL ATY 5

Kentucky 31 or Alfa Fescue 30 RAPun
Serigea}Lespedeza o o 30

SN 4

54 L AL T e L

BEREC O R
fBermudaqrass (Hulled) ™ 25 July-Auqusz

‘pensacola Baliagrass i1 - Tue bl 30 July~August”
. ‘Sericea ‘Lespedeza C3s LLJUly=August

3. Kentucky 31 or Alfa Fescue ' .35
Sericea :Lespedeza - N s
Reseeding Crimson Cloverp:' - 797l u30h i, o

_ September-March
. September-March
-~ ‘September~Mareh

Backslopes Flatter than’B= R R ww:c=f‘v"

N T R P T LT L LR

Veud e tw O SRR W pae caeTEER D e ,),"_;g;;—;.-w"—ﬁ”:r

©. - April=-June
April-June -

1. Bermudaérass (Hulled) e At Y12 IO
Kentucky -31 or Alfa Fescue S 30
Kobe Lespedeza R ORI [+ RELRE R

\;2\::.: - -.Bemﬁdagrags;_, (Hulled’ BT e [RTIVE {‘41‘1,3-“}25: ST

‘ Pensacola Bahiagrass - .30
Reseeding Crimson Clover : 35 7

3. Kentucky 31 or Alfa Fescue 25
Reseeding Crimson Clover : w30
Bermudagrass (Unhulled) 30 ‘

. Anhual Ryegrass - 25

~July-August ¢
July-Adgust
.JulyFAugust ‘
: PRI = -"'f"“-
8eptember-Marchu
"September-March
September-March
September=-March

gnRB?OA/004-I [ lr0_13 o et NI
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S Tabkle 10—1 o o
U R (cont;nued) ' . :

L : T Application
<+ . =z - Rate Per .
Plant or Plant Mixture “ .. . .. " Acre (15)" . . . .Planting Dates’

T — L st

Rocky Backslopes Steeper than 3: l

1, Weeping Lovegrass - 5 April-June .

N;NJPensacola Bahlagrass . 30 . .. ...April=June.
' Kentucky 31 Fescue . : 30 o .v.,ApTil-June |
Crown-Vetch Corinilla varia® . 8 J‘vAprll ~June
2. ,Weeplng Lovegrass e - P July-Auqust
.. :Pensacola Bahiagrass | L 20 . AJuly-August
. Annual Lespedeza {Kobe) 20 - July=August
Reseeding Crimson Clover. 20 © - Julg-August,
'Crown Vetch Corinilla. Varxa 8 Lo,oul -August
3. WEepinq Lovegrass o September-March ‘
Reseeding Crimson Clover’ . ..September-March.
Kentucky 31 Fescue 'September-March’
-Pensacola Bahiagrass e ‘wi%;Septembe:-March
Crown Vetch Corinilla Vvaria

'ﬂSeptember-March

PERMANENT SPRIG .PLANTS - S
R T » R ORI e
1. Riflawn Bermudagrass 30 Cubic Feet, Machine Acceptable Dates
2. Centipede ;o Set; 50 Cubic Feet, . . Should Be, Conflrmed
3. Myers 20ysla . Broadcast & Disked . .. .with. Local USDa
4. . -WHRExtenSLDn O‘f;ce

Zoy51a Matrella

Refenenee;;ﬁiebama Hiqhwaﬁibepertment (1985}, . g
%soil testing should be performed and evaluated by an agronomxst to
determine soil treatment regquirements for” parameters ‘such” as pH“‘"
nltrogen, phosphorus, potassium. and other factors.,

cal T
e Ly sl fe D

RO, ""’i. "~""~ - !

bSeed should be 1rrzgated durlng dry perxcds. . gr.f

e,

“Brown. Top Millet (Panzcum ‘Ramosum) - 97" percent min. purety .80, percent
min. germmable. L

dOverseed in September or October.

*Vagiety--Emerald or Che Mung.

gnR370A/004~2 : - 10~14
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: " Table 10-2 .
APPROXIMATE SETTLING VELOCITIES FOR VARIOUS SIZE SEDIMENT PARTICLES

Tiﬁe'Required to

Diameter of Grain (mm) __Order of Magnitude ' ‘ Settle 1:Foot
10 : B ' Gravel - .3 sec {0.005 min)
1 S - Coarse Sand | o 3.0 sec (0.05 min)
0.1 Fine Sand o ‘ 38.0 sec (0.633 min)
0.01 ‘ - silt 33.0 min . a
0.001 - R Size of Bacteria " 55.0 hr

0.0001 . Size of Clay Particles 1230.0 days

Reference: Urgquhart (1959).
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. HUNTSVILLE-STORMWATER. MANAGEMENT .MANUAL' " -

L
R R,

3'

: of posts.

_ Set posts and excavate a_4"xd" P " 2. Staple wire fencing to

K]

trench upsiaps-along the line ™ . b

the posts. g
:;j.”““ CUANEIN EE

oL e

:

“w ot i i
PP e -
r%'m;«,’w F
ciof T 1S
i

K

Y
H
4
T
i

e

Attacn the filter fabric to 4, Backfﬂ'l and compact the
the wire fence and extend it . .-, . .. .. | excavated soil.
into the trench. e - )

- s o it T

P et et an

Extension of fabric and
wire into tne trench,

Emulii o
(R RN

" Points A should he higher than‘ point B
PROPER PLACEMENT OF A FILTER BARRIER IN A DRAINAGE WAY

cage 4 sl

oy e

-"‘.g PR RT3

. FIGURE 10-2
Details for, Placing Silt Fences
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HUNTSVILLE-STORMWATER MANAGEMENT MANUAL - . - - . .. .

Orop Inlet
S with Grate

Compacted Soil . — . . _ Staked

| to Prevent Piping | - Straw Bale
/= .y
TSEIRunoff Wate ‘ ?? . lt’:ﬁ_,..:.F*i'lter'ec:l
--—-w1th Sedimen ﬁﬁL wﬁf“}! v Water
= 1 AN
M .
j.l- .. . :'. _‘ . |:_ﬁ| "

PRV WL, = =S ,

. ' AR - ‘. ! :

Straw Bales -Jé’ :
Staked with 2 '

~ Stakes Per Bale g
S Specific Agp11cat1on M
This method of inlet protection is- app11cab1e where the inlet
drains a relatively flat area (sTopes no greater than. 5 percent)where
'sheet or overland:flows (not exceeding 0.57cfs) areitypically The
method shall not: apply to inlets rece1v1nq3concentrated f1ows, such
- a8 in street or h1ghway medians., e
e STRAH BALE DROP INLET SEDIMENT~FILTER '
Drop.InIet". : ?
with Grate \ ' - B
I A el T stakes : rFiltered
D 1 R ' : Water® - -
: - Burlap- Fabric - oo
- A ff7=;=' ‘Runoff Water ' Sy
1 il Lo H; WIth Sediment{ iE e
—] | Hini .‘.l_; . u . u||| "l === ] - :"
o Buried 'f]mm_ s;' . u
. Burlap Fabric™ K

' . Spec1f1c App11cat10n
This method of inlet, _protection-is applicable where the inlet
drains a relatively flat area (slopes no greater than 5 percent) where .

sheet or overlandiflows (not exceeding O. Egcfs) are typical. The
t v to 1n1ets receiving concentrated flows, such

_"SEDIMENT FILTER

Reference: Virginia Scil and Water Conservation Commission (1980).

‘,
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Details for Placmg Temporary Inlet Sedlment Traps
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Spillway
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~ FIGURE 10-4
-Conceptual Sketch of Components for Typical Sediment Basins
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HUNTSVILLE-STORMWATER MANAGEMENT MANUAL % © .o o - 7 e

' AN

ol "ENTRANCE NI;;T:ﬁ; WASH RACK™ -7

T T

~Ditch to Carry
Wash Water to
Sediment Basin or
Trap

=

‘Réinforced Concrete Drain Space ,
Detail of Wash Rack .

 Reference: Virginia Soil and Water Conservation Commission (1980). - ‘ ' o

S S o FIGURE 10-5
g e s T Detalls for Construction Entrance Treatment
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~ APPENDIX A-l
- Ordinance 87-269
 Article XLV Floodway-

: 'Floodway Frmge Districts

Regulatlons, |







cPistrict, o oar To bamieald LRV
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wggpngppendix-ﬁ;;mﬁ
' ORDINANCE NO. 87-269

. s R

t - int PR “ - #L
. T
FER P S

Article XLV - Floodway-Floodway Fringe Districts Regulations

Purpose in*View

45 1,] Prov1szon for Floodway Dlstrlct and Floodway*Frlnge '

L O TR L Fal PR TR PR oy . "

45.3 Provxslons for All Flood Hazard Dlstrlcts N

‘45.4'”:Interpretatlon of Floodway Dlstrlct and Floodway Frlnge

District
45.6 Uses. Spec1f1cally Prohlblted in Floodway Dl;fg;;;;i$é
45.2%T;Appllcatloh~ofdthé;ffbaaag;lfilné;Lﬁ;;tzlcﬁf“

Lo TR S

45.8 Permlt ReqULred L e ﬁﬁ_;f_w
,45,9 ,RStandards for. Areas .of Shallow. Floodlng AAO Zones)

45.10 Standards for Streams Beyond the FIA Study Limits
- Without FIA. Establlshed Base Flood Elevatlons and/or
;mfFlOOdWays ' I ERTI

by

‘ 45.11‘KSEéhdaréé“fo¥£$u5&ivisi6n4Pféposals ;

45.12 Variances

b J...J’“' = ST S

.45,13_ Dutles and Respon51b111t1es of the Englneer of Publlc'

- Works .

PP P

I L S \\‘

45.14' Duties and Responsibilities of the Building InSpector
255 B ' k ! SR ot

45, 15 Warnlng and Dlsclalmer of Llabllltv Wégy_f;

\,“‘.L:. T
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AN OR

The p
granted. by
IT ORDAINE
Alabama, t

ORDINANCE ‘NO. 87 269

DINANCE TO AMEND THE ZONING ORDINANCES OF THE
CITY OF HUNTSVILLE, ALABAMA

Do) T o St T N
i R B VI A R T (R WALt ml ot -
e Y P U N e

Ubllc welfare requlrlng it, and under authorlty
Section . 11-52~78:-.0f the 1975 Code- of Alabama," BE
D by the City Council of the City of Huntsville,
hat the Zoning Ordinance of the City of Hunts-

ville, . Alabama, as adopted on the 21st dayof :March, 1963, -

as amended

Repea
mread as-fo

ARTICLE XL

R
7}

Purpose- in

¢ 1is hereby further amended as follows- '

: . ,:‘__J N

1 ARTICLE XLV and replace with new ARTICLE XLV to
llows: ... . & R P A ,

V - FLOODWAY-FLOODWAY FRINGB DISTRICTS REGULATIONS

‘,,rn

View

It is

. public hea
public and
specific. a

(1)
(2)

- {3)

the purpose of this ordinance to promote the
lth, safety and general ‘welfare and’ to' mlnlmlze
private losses due to flood condltlons in

reas by provisions de51gned tosd e e

restrict-or prohlblt uses which are’dangerous to
health, safety and property due to water or
erosion or 1n*flood hELthS or Veloc1t1es,

, 43
R Rt

require that uses vulnerable to floods. 1nclualng
facilities which serve such uses, be protected

against flood 'damage-at’'the- time- of 'initial
construction;

e

control the alteratlon of natural flood ‘plains,

© stream-channels, "and- ‘natural . .protective barriers-

which are involved in the accommodatlon of flood

~waters.

(4)

gnR370/019
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control fllllng, gradlng, dredglng and other
development which may Increa=e ‘erosion .or- flood
damage; and, -

1A




HUNTSVILLE-=-SMM - R 5:1:)

~{5) prevent or regulate the constructlon of flood

‘ - barrlers ‘which will unnaturally divert flood.
waters or whlch may increase flood hazards to
_other lands.; (79- 239) - :

o
pes
b P e

‘45 1 - Prov151on for Floodway Dlstrlct and,Floodway Fringe::

are hereby establlshed as, shown on, the .maps. 1dent1f1ed by g

--——DlStr‘]'Ct s e Easnoe el rEIEL el A SN LWE T

AP R PR

The boundaries and designations of‘the'?loodway“ T
District and Floodway Frlnge District provxded for herein.:

the tltlef“Flood Boundary and Floodway Maps, City of: e
Huntsville, Alabama, Madlson County,?;(Commun1ty-Pane1 T L
Numbers. 010153 0001~ 0050) composed of panels 10, 15, 20 and

30 issued by.the U.S. Department of. Housing and Urban. .,

& Development Federal Insurance Admln;stratlon, bearlng an_w,7

effectlve date of November 1, 1979, and panels 25, 35, 40.. .-
and 50 issued by the Federal Emergency Management Agency,

_revised effective date of.September 27, 1985. . These maps as

identified, and-all explanatory matter thereof, are hereby

adopted. and made .a part of this ordlnance.J Such. maps-and,

pppppp

explanatory matter shall be flled in the.. offrce of the Clty
Clerk-Treasurer of the Crty of HuntsV1lle, Alabama.
(79-239) (85-714) . . . .

45.2 - pefinitions

Addition (to an existing bﬁiiéiﬁé)*-*Aﬁy”déliéawéné“Eaaféé”"
expansron to the perlmeter of a, burldlng in which the RIS
addltlon is connected byda common ‘load- bearln'ﬂwall other‘;ff

than a flre wall.‘ Any walled and roofed addltlon,whlch is..
_cennected by a frre wall or is. separated by 1ndependent
'perlmeter load-bearmng ‘walls 1s new constructlon.

Area’ of shallow floodlng - A de51gnated AO Zone on ‘a commu-ff
nity's Flood Insurance Rate Map (FIRM) w1th base flood
depths from one to three feet where Aa. clearly deflned s,
channel does not exist, where the path of floodlng is unpre-

et e

dictable and 1ndeterm1nate, and where velocity flow may be. '

ev:Ldent. ‘“_- % L _; S e e aar ot ‘;:‘_1_;‘. LMl e
Area of spec1al flood hazard - The land in, the flood plaln;“:.ﬁ
within & community subject to 'a one: percent or greater ‘

chance of floodlng ln .any glven year.

Wt

gnR370/019 o 2
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Base flood - The flood havrng a' one percent chance of belng (:)
equaled or - exceeded 1n any glven year. B

.DeVelopment - Any man-made change“to improvedlor“Unimproved
real estate, 1nclud1ng, but not limited to, bulldlngs or

otheristructures, mining, " dredglng, £illing,grading,
paving, excavating, drilling operations, or permanent..
storage of materlals.

P . s . .
wy _\_.r:,;,w\;,;‘. B I T T B S

Elevated bulldlng =-“A" non-basement bulldlng bullt to have N
“the lowest floor eleévated- above the ground level by means of
£i11, solid ‘foundaticn perlmeter walls, plllngs, columns:tj
{posts and- plers), shear walls, or'" breakaway walls.” - e

Flood or' floodlng - R general and - temporary condltlon of"
partial.or complete 1nundatlon of normally dry 1and areas *f'
from: - - RS

S (1Y the7overflow'of inIand Watersil?rfvh;““”?‘anlf;‘ﬂ

{2) " the unhusual-and rapld accumulatxon or" runoff oi " .
o 9surface "waters from any source. jjff R S (:>
Flood Hazard Boundary Map (FHBM) ~ An official map of AT T S
community, issued by the Federal Emergency Management
Agency, where the boundaries of the areas of ‘special flood
hazard have been deflned as Zone A. ‘

y 5 e
2 .

Flood Insurance Rate Map (FIRM) - An off1c1al map of a

""""""

has* dellneated both the areas ‘SF sPec1al flood hazard and f‘
the risk premlum zones appllcable to the communlty S
-Flood Insurance Study ~ The off1c1al report provrded by the.
Federal Emergency’ Management Agency. - "The’ report contains
flood proflles, "as ‘well ‘as'"the Flood Boundary Floodway Map
and the water surface elevation of the base flood. o

Floodway ~“The channel of ‘a rlver or other watercourse and :
the adjacent land areas that must be reserved in order ‘to
d;scharge the base flood w1thout cumulatlvely 1ncreas;ng the‘

‘water: surface elevation more than one foot..,-jj~w%»«~wq- -

UL IR : R
‘ ‘j"—._,a ¥y _‘5:":\!»« - ’..‘!“, e PRI, , . : Sl Con (AR

Plodr - The top surface of ‘an enclosed“area"in”aﬁbuildinof S ‘<:>
"(including basement), i.e., top of slab in concrete slab

gnR370/019 | 3
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constructlon or top. of wood flooring in .wood frame: construc—
<[> ~ tion. The. term, does not. include, the floor of a garage used |
solely for, parklng Vehlcles._m-- T e -

Functhnally dependent facllrty,- A fac111ty wh;ch&cannot he
used for its intended . purpose unless it .is.; located«orwa,ﬁs-i
carrled out in. close proxlmlty £0- water, such. as.-a: dockg.ngw
or port faczllty necessary for the., loadlng .and unloadlng of .

gcargo. or passengers, Shlprlldlng, Shlp repair,,.or seafood -

processing facilities..  The term may.include. long-term CRRITe
storage, sales, or serV1ce fac111t1es in connection with a
marine facility only. w1th the approval of ~the, Board of
AdJuStNEHt-,u:xaizamv;_mmmw L e

nghest adJacent grade - The hlghest naturalﬁelevatlon of
the. ground, surface,. prlor to. -construction, . next to.-the: ..
.. .proposed, walls of ‘a. structure.,,n‘;;_ TR

S o ey e e e -

Mean Sea. Level e The average helght of the sea. for il'.;-“;

stages-of the. tlde.; It is, used-as a. reference for estabef?f
llshlng var;ous elevations, Wlthln the flood: plaln.— For .the .
purpose; of. this ordlnance,,the term is. synonymous w:.thmf;,i

el

Manufactured home - A structure, transportable 1n one or
more. sectlons,‘whlch is built.on.a permanent ChaSSlb and "
de51gned to be. used w1th or. w1thout ¥-3 permanent foundatloniﬁ
when connected to the requ1red utilities. The term also
includes mobile:homes,- park. trallers,utravel trailers, and
similar transportable_structnres ‘placed on a site for 180
‘consecutive days.or - Iongertapdmlntended1toﬂhe:lmprovedA
property. S ' L

National Geodetic. Vert1ca1 Datum. (NGVD) - As corrected .in
1929, NGVD.is.a vertical control used as a reference for
establlshlng varylng elevatlons w1thln the flood plaln.

New construction - Structures for which the "start of
construction”, commenced on or after the effectlve date of
"this ordlnance.J,

Start of constructiony-mThe actual start means the first
placement of . .permanent constructlcn of a.. structure B ‘
Q:T : tlncludlng a- manufactured home) on .a 51te, such as the

pourlng of slabs er: tootlngs,,lnstallatlon of piles,

- gnR370/019 ‘ , 4
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construction of columns, or any work: beyond the stage of
excavation: or:the placement of’'a- manufactured home on a
foundation. Permanent construction-does not -include land(
preparatlon, such as clearing, gradlng and filling; nor does
it include . 'the: 1nstallatlon of .streets ‘andfor. walkways* nor
does it ‘include’ excavation for a- basement: ;! footlngs, plers
or foundations or:the erection of temporary- forms:ﬂnor does‘
it “includethe" 1nstallatlon on- the préperty of -accessory-
buildings, -such .as: -garages- or-sheds  not occupled as dwelllng
unlts or not part of- the maln structure. = b “ .

'Substantlal improvement (= Any- combirdtion of repairs, recon-
struction, alteration, or improvements to a structure-in-

‘which the cumulative cost equals or exceeds fifty percent of
'its‘current'replacement‘cost;f~The”currentiréplacement%costa
of the-structure’ should be (1) the appraised-value eftthe =i

structure prior to the start of the initial repair orimprove=~

ment, or (2) in the case of damage, the value of the

structure priorfto‘the-damage‘occurring.“ﬁFor the . purpodse of

this:definition, - "substantial improvement" “is”corisideredito’
occur when the first alteratidén-of: any wall, celllng,hfloor,
or other structural part of-the- bulldlng CcOmMmences ,- whether‘
or not that alteration-affects-the -extérnal’dimensions ef i
the structure. The term does not, however, ‘include any pro-
ject for: 1mprovement ofa structure requlred“to complywmlth
existing health, sanltary, 'or safety code’ speC1flcatlons

whlch are solely necessary to assure safe llVlng ccndstlons;

S

45,3 -~ Prov151ons for All Flood Hazard Dlstrlcts o v'"'

The prov151ons of - thls ‘gsection 'shall’ apply to all flood '

hazard districts.

‘~45.3;1*7w“A11 new: constructlon .and substantial 1mprove-
" " ments shall be: constructed and/or anchored to
-~ ‘prevent' flotation,-collapse ‘oF ‘lateral ‘move-"
ment of the structure. |
-45.3.2 “"All new construction and substantial improve-
- ments shall be constructed with:materials‘and
utility equipment resistant to flood damage.

45.3.3'“71All new - construction ‘and substantlal 1mprove-

R ‘ments shall ‘be ‘constructed by ‘methods- and -

‘ practlces that minimize- flood damage.

4

gnR370/019 -
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745.3.4 - ALT rew and replacement water supply systems
shall be constructed to mlnlmlze or'ellmlnate

45,3, 5 New and replaCement sanltary'sewer systems
shall. be constructed to minimize or eliminate
s einfiltrationiof flood 'watersZinto.the. systems.
and exflltratlon from the systems 1nto flood
il waters ;;il‘l" R SRS CoVi L «.A“‘ - T

N!“fﬁ45.3;63f¥ On-51te waste dxsposal systems shall be
RN dh:a,located*to faveid 1mpa1rment to them or
contamlnatlon .from- them GUrlng flooding.

45.3.7 .- *AnY*alteration,’major structural repair,
' reconstructlon, or improvement to a structure
‘on'which“the start of constriction was-begun

Ll s 1 after ther effectlve date-of this ordinance,
?f"3~#~w73 B snalI‘meet'the”requirements'Of "new construc-
EERINVCRETE St tlon“ as contalned ln thls ordlnance.

cherdi tlE G T . : : L

45 3.8 *5’Electrical Lheatlng, ventllatlon, plumbing,
noocke ﬁC -air: condltlonlng equ1pment, -and other serVLce
et facilities shall be- de51gned and/or located

RS " so-as to prevent water from entering or
VIR e T accumulatlng ‘within-the® components durlng
’ SR p condltlons of- floodlng. SE

PR s
g

45 Y- Interpretatlon of Floooway District- and Floodway
Fringe 'District .- ﬁ*wwfﬂ— RN *V‘o“~

T LU s U VPR PURE SURSAMFIRE-CE S R
“The ‘Floodway-District-and" Floodway Frlnge Dlstrlct are those
~land: areds::as* specltled on=the maps identified in Section.
45.%:hereof. -Any. 1nterpretatlon necessary- shall be macde by
the Engineer .6f Public Works Department of +the City of -
“Runtsville,. Alabama. st e
45.5 - Application-oflthe_FloodWay-Districtggsp;ﬂshi;;”ftﬂg

‘To-enable. theidistrict to operate in:--harmony with-‘the :Zoning
Ordinance iofvthe City of Huntsville, Alabama, the Floodway
District ils created 48 a special districtito be superimposed
on other "existing zoning districts:contained in the Zoning’
Ordinanceof:'the City of Huntsville,  Alabama. Except where
in“conflict -with the specific requirements of the Floodway

gnR370/019 . o - 6
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'VDlstrlct,‘permltted uses, -accessory uses, SLgns, minimum lot

r_wrequlrements, mlnlmum yard requirements, maximum height, and

frequlrements for off -street parking and;:loading shall be
determined by the requlrements of the ba51c district
regulatlonsﬁcontalned.elsewhere lnfthls ordlnance.;“

':45-6 = Uses Spec1f1cally Prohibited in- Floodway District

e Fr TR P RT PO LY
B R S 1

" 45.6.1 Structures of any type that would obstruct or

impede the flow of flood water or cause any
j-(,_1.1:1crease in the base flood level are hereby.
qspeC1f1cally prohlbxted,,except as herein-
-.after. pIOVlded S

Fill of any type in-the floodway..

. J@,Manufactured homes (moblle homes) except on

. .., existing: improved.lots. in existing manufac-

.o tured. home.. (mobile -home) parks or subdivi-

. ... 8lons . licensed as of the effective date of

this ordinance, and then only if such mobile

..., homes,are -anchored to.-resist:flotation, =

.. ...collapse,;or lateral movement by use of

i  over=the-top and;:frame ties to ground anchors

&Aﬁ”andylf -the elevation :standards as provided
;o.for.in Section 45.7.2 'are met. Any replace-

ment manufactured home may..be placed on a lot

in an ex:stlng manufactured home park or
'g;subd1v151on prov1ded ‘the. eleVatlon standards
“‘as set forth in Section 4%5.7.2 are. met, and

provided the replacement is anchored £o"

.. ment by use of over-the-top .and, frame ties _to
..ground-:anchors. .. These standards 'shall.be in
,addition;to.and consistent with applicable

state requirements for resisting wind forces.

45.7 - Application of the Floodway Fringe District. - .

;¢;45,J.1Q‘¢‘To;enable;the@district-to.operate;in‘harmcny
o with-the Zoning.Ordinance of .the .City.of . . :
#ﬁ‘Huntsville,‘Alabama, the Floodway.Fringe -
. District.is created as. a: spe01a1rdlstr1ct to
. be: superimposed: on other, existing.zoning.
,ydlstrlctsxcontalneqaln the,aonlng‘ordlnance

gnR370/019 - | 7
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of-the: Clty of- Huntsv111e, Alabama. Except
w - % where in- confllct w1th spec1f1c requirements
-'of -the: Floodway Frmnge Dlstrlct, permitted
‘uses, accessory ‘uses,” szgns, minimum -lot
requ1rements, mlnlmum yard requlrements,
‘maximum height -dnd- requxrements for
- off~street’ parklng rand* loadlng shall be
.determined by -the ‘requiréments of the basic
districtﬂregdiatidnsfcontaiﬁéd elsewhere in
this ordinance. =

O

A R i ‘
vn45.702 -~Residential ‘Construction = New construction
ofeCewtae or ‘substantial improvement of any residential
vl dastructure: 'shall hdve  the lowest floor, includ-
ing basement, elevated to at least one foot
ot e - @l above ‘the :100-year flood elevation.. When
. e .solid. foundatlon perimeter walls are used to
w2t elevatesan structure, openings sufficient to
i e facilitate the! Unlmpeded movement ‘0f flood
. water shall be provided in accordance with
the standards of Section 45.7. 4 and must be.
~.certified -as*such.to the Bulldlng Inspector
. by a registered- professzonal engineer or
registered—profeséional architect.

- 45.,7.3-.~ “Non~Residential Constriction - New construc-
' tion.or substantial improvement of any h
. commercial, industrial or other non-resi-
» ... -dential. structure shall either have the
~su5 .. lowest. floor, including basement, elevated to
at least one foot above the 100~year flood
i . LA AT 'elevation or, together with-attendant utility
.« 4. ..and sanitary facilities, be flood—proofed s0
' that below the . 100-year flood level the
structure is watertight with walls substan~
. tially impermeable to“the passage of water
-and with structural-components having the
capability of resisting . hydrostatic and
‘hydrodynamic¢ -loadsand ‘effects of buoyancy.
= A-registered-professional engineer or
wit o registered ‘architéect-shall certify to the
. Building Inspector that the standards of this
subsection are satisfied. A

gnR370/019 : .8
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. 45.,7.4 . Elevated Buildings = - New.construction of or
. substantial improvements .to_elevated build-
. 'ings that include. fully enclosed areas formed
by .foundation and other exterior walls below

(1)

gnR370/019

.. the base, flood elevation .shall be designed to
;Jgt;preclude flnlshed 11v1ng space and to allow
. ;for the-entry and exit.of.floodwaters to
>Lautomat1cally equallze hydrostatic flood

. forces on exterlor wallsm'w-

De51gns for complylng thh this

. - requirement. must either' be certlfled by
' ..4 registered ‘engineer or architect or
m‘meet the following minimum criteria:

‘(q)::Provide_a minimumHof two*openings‘

.+ having a total net. area of not less
- than .one .square:inch for every

. square foot.of enclosed area
:jsubject ‘to floodlng,

}';7@(b) gThe bottom of all such copenings

.. .».shall_ be. no‘hlgher ‘than one foot
... above . grade'~and

~ - Such openlngs may. be equxpped w1th
., screens, 'louvers,, valves or other
... coverings or devices provided they
-.-permit the automatic flow of
 ,floodwaters in, both dlrectlons.

5

11,Electr1cal, plumblng, and other utility
.,..connections are_prohlblted_below the
. base: flood elevation; .- - :

rAccess to the enclosed area shall be tke

. ;minimum necessary to allow for parking

.¢y;0f vehicles (garage-door) or limited

. storage.of maintenance. eguipment used in

. .Connection with the. premises (standard

. exterior door) or-entry to the living
,rarea (stairways or elevator); and
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‘ :::'ﬂ“~'"““{4) The interior portlon 'of such enclosed
<I> : ' nto A=l area shall not’be partltloned or -
f1n1shed 1nto separate rooms.r

e
R T O

/45,7.,5"

[ER R B

‘For new manufactured home parks and subdzvx-
‘sions; for’ expanslons ‘to” exmstlng manu-
‘“factured ‘home parks and subd;v;smons' for
exlstlng manufactured home parks and subd1v1-
-“§ions'where the repalr,‘reconstructlon or
& iblmprovement -of “the's streets, utllltles and ,
e ipads equals or eXceeds flfty percent of value
of“the streets, “utilitiés’'and pads before the:
**repalr, ‘reconstruction’, or'lmprovement
RS f“commenced°'and for manufactured homes not

' o placed in® ‘a ‘manufactured" park or subdivision, -
“ but -which -are permltted by the Board of
©“goning- Adjustment as‘a’ varlance, the
‘*”“+?ﬁ?~follow1ng are’ requlred st

I TTS I VIS P S SR o [ A Lo

Led et wl (lrv"Stands*or'lotsleIeVated?on“ccmpacted ‘
' £i1l so that 'the lowest floor of the .
‘ ‘manufactured home w1ll be one foot above
Q:> xha phismit e Pt -the lOO-year flood leVel and ERLY

ol Ll re

‘ f{zofﬂEach stand -or- lot shall have proper
R ??,4~”r*surface dralnage atid ‘shall be accessible
to the‘'manufactured home” ‘and prime mover
or hauler. ‘ S ) ..
450706 A reglstered ‘land surveyor shall submit data
PlmEEow e bg tHe Bulldlng Inspector certlfylng ‘that the
B elevatlon of the lowest floor of a structure

“ance" with: this: ordlnance.- This" certlfzcatlon‘
“shall be submitted prlor to the floor being

45.8 - Permit Requiredrw=

LT BLl | It'shall be: unlawful for: any" person, firmor.
- corporatlon to carry out any mxnlng, fllllng,p‘
Y'grading,” paVLng, excavatlon} or- drllllng e
5“0peratlons in‘areas deslgnated as’ Floodway'
¢:> ‘ SRR ‘3D15tr1ct or:Floodway™ Frlnge’Dlstrlct W1thout
' mowitd Gnet e haying first obtained:a permlt for* such

gnR370/019 10. T
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. act1v1ty from the offlce of the Engineer of
- Public Works ‘of the- Clty ©f Huntsville. The

‘ Englneer of. Publlc Works shall maintain an
official file copy of the "Flood Boundary and
Floodwag Map" in his ~office, and shall review
appllcatlons for permlts for any mlnlng,
fllllng, gradlng, pPaving, excavatlon, or
drllllng operatlons.; Any ‘person failing to -
. comply w1th the prov1szons of thls section of
Y ~this ordlnance shall be gullty of a misde-
meanor and upon conv1ctlon shall be fined
accordlng to ARTICLE Iv. ’ Where any violation
., 18 dlscovered, the Englneer of ,Public Works
}'1 shall direct the person, flrm, or corporation
respon51ble to restore the, land to its prior
- state. before -said v1olatlon.5 A separate

H i
i
s

offense shall be,. deemed commltted on each day.

on which a v1oldtlon occurs -or ‘continues. ‘
The Englneer of Public Works shall take what-
., ever steps necessary to enforce this section
- Of this. ordlnance. -
hwhs:ﬁ:ii21,No‘building;permitWWill;be issued where any
 part of the property lies within any flocd
~hazard area until plans: for such improvements
; have been reviewed, and.. approved by the
Englneer of Publlc WOrks.g
45.8.3 - In unnumbered "A" zones of the "Flcood Hazard
' Boundary Maps" of . September .17, 1976, where

P

‘ ;;sf,?:J;} 'FIA has.not yet provided base -flood elevation

data, the Englneer of Public. Works will
obtaln, review, - and reasonably utlllze any
..other flood. data ‘available: from a federal,

- state, . or_ other source for all new construc-
tion and/or substantial 1mprovements in such
areas in order to set minimum first floor
elevations, including basementspr;;;

45. 9 - Standards for Areas of Shallow. Floodlng {AQO Zones)

*' ‘{' L
.qi ‘P

Located w1th1n the areas- of speC1al flood hazard dlstrlcts

establlshed ln Sectlon 45 1l are areas. de51gnated as rhallow
floodlng areas.f ‘These. areas. have special. flood hazards
a:soc1atea Wlth -base flood: depth= of -one to three feet where

gnR370/019 | ‘ ‘ 11
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a.clearly defined channel does:not exist-and- whére‘phe‘path

(I) ‘ of flocding is unpredlctable and- 1ndeterm1nate~ therefore,

the following prov1510ns apply-

Q.45{9,1¢_L%A11 new constructlon and substantlal lmprove-
s, v MENES, of residentialistructures shall. have
+athe .lowest floor, including basement, ele-
ZFﬁ;vated to the.depth. number specified on the
N ,u}gFlood Insurance. Rate. Map, in feet, above the
ilwaew oo i, highest.adjacent.gradeé..+If no depth number
; Loeds, speC1f1ed,*the dowest:floor, 1nc1ud1ng
.... basement,-shall.be-elevated at least two (2)
. ..-feet,above.the highest adjacent grade.

1 45.9.2 ”'1Ail-ﬂeﬁ‘donstrubtibn-and substantiallimprbve-
- ments of non-residential .structures shall:

R

g;;,f;ég,.h{aLu,havertheilowestmfloor, including
... basement, elevated: to the depth number

.. .specified-on.the_Elood Insurance Rate

Map, .in<feet,. abovethe highest

L .~ .-.i1adjacent. grade..:;nLf:.no depth number is

6:3'_ : F e _specified,:the .lowest floor, including
‘ ‘ basement, shall be-elevated at least two

(2) feet above the hlghest adjacent

cgrade;; oo oo o0

o+ (b} _togetheriwithﬁaﬁtehdant utility and
‘ .sanitary .facilities.be completely .
flood-proofed to or above that level so
that.any space below that level.is.
watertlght with walls' substantlally
. lmpermeable to the passage of water and
e es, With. structural -components having the -
capablllty of vesisting hydrostatic and
hydrodynamic loads and effects of
PR buOyancy. L
7] AT DI VR ot !
45 . 10 - Standards for Streams Beyond the FIA Study lelts
‘Without FIA Established.Base. Flood Elevations and/or

Floodwazs R s 4 L P G

45,.10.1 The following provisions shall-apply to
- ‘ : - streams located beyond the FIA Study Limits
(:} | established in Section 45.1, when‘sﬁreams

gnR370/019 12
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..eXist-but where base flood data and- floodway
’data. are. not avallable. e

A(l) A registered professional engineer shall

. submit. sufficient engineering. data- to
~the -Engineer -of Public’Works showing
u:base "flood: dlscharges, ‘base flood -

-;#;= elevatlonsr and floodway data along the

stream:channel." - The ‘Engineer of Public
i Works-shall -request-as-much information
- as - deemed ‘necessary-to determine and set
- base .flood elevaticns; ‘floodway widths
.-and regulatory minimum-finish floor
elevations along the stream channel.

- 12) +Minimum Finished Floor:Requirements =

New construction or substantial
' ‘improvements of structures shall be
* -elevated or flood=-proofed to meet the
. requirements of Section 45.7 based on
'wtheﬁestablished«regulatory flood eleva-
‘tibns‘Set‘by'theaEﬁgineer of Public

RN sWorks as 'determined:in paragraph

45 10 l(l) above.ﬁ“

RIS

- (3) Floodway Dlstrlct ~: Section 45.6 shall
' apply to the established Floodway set by’

‘the’Engineer of‘Public‘Works determined
-as descrlbed 1n paragraph 45.10.1(1).

When suff1c1ent englneerlng data is currently

,‘pgavallable to.the Engineer of Public Works to
‘establish regulatory flood elevations and

- floodway" data- along-the stream channel, the
'“'follow;ng prov1510ns shall apply.

{1) The Englneer ‘of Public Works shall

provide the required minimum finished
.| floor elevations and/ox ithe  location and
qgg[Wldth of the: Floodway:. DlStIlCt Hrom i

information and data from his reCOIdsﬁﬂﬂ'

Aand flles.

£t

13
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'(2) Minimum Finished:Floor ‘Requirements -
‘New construction or substantial improve-
., -ments of structures: shall be elevated or
flocd~proofed to meet the requirements
G dmss co:o..0fSectionn45.7 based on the established
Rl v L sregulatory ~flood elevations set by the
i - :Engineer:of:Public Works as determined
in: paragraph 45.10.2(1).

ok ﬁﬂ¢L3ke.FloodwayaDistrictﬁﬁ‘Section 45,6 shall
' ~ .svapplyito.the:established Floodway set by
the Engineer of Public Works determined
L LR et i @8 descrlbed in paragraph 45.10.2(1).

45 ll - Standards for Subd1v151on Proposals

I - . . .,t(..\’i--
il vy

”a¢45;llil All subd1v131on proposals shall be consistent ﬁ
pw e tesh owith:the need -tominimize flood damage; - o

- 45.11.2 All subdivision proposals shall have public
B -+ wutilities.;and facilities such as sewer,.gas,
e e so.electrical. and water systems located and
vl T Eaae 1T constructed~towminimize flood damage;
45;11;3: ALY subd1v15lon proposals shall have adequate
L y“yy; . drainage: prov1ded to reduce exposure to flood'
.hazards,_andm :

45 11 4 Base flood elevatlon data shall be provided
swzuwﬁgﬂmy + for- subdivision ‘proposals and other ‘proposed
R SN developments ‘to iinclude manufactured home

v parks. and; subd1v1510ns.

45,12 - Varlances

b7 i R o N ’
45 12 1 v The Engineer of Public Works shall review
v + petitions for: varisnces and report his
qe@umﬂﬁ,-; o flndlngs to.the_Board of Zonlng Adjustment.
45112 2i‘*Var1ances shall not be granted within any
»»-»~*”‘ﬂdesxgnated Floodway District if any increase
in.flood.levels during the base .flood ‘
SIDEENII . discharge would: result or if hazardous stream
Srmen oo i2flow velocities would result, except under .
e - ..the 'following conditions.

gnR370/019 _ 14 e
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45.12.3 .- Conditions-for Variances

4(11; Variances shall-.only be issued:

St w0 Dl

‘ﬁﬂlﬁwga) “Upon:a determination that the 7
oy ..variance.is the minimum necessary,
~considering.the flood hazard, to-

,fafford relief.

el v Upon:a: showlng of ‘good and
L 5suff1c1ent igause.
2 f R PR Y 0

':Uponiaqdetermination that failure
to grant the variance would result

.. in-unnecessary, hardship.unique iand
different from that shared or

v el s oo wo-suffered by adjacent and similar

‘ Tk oproperty calso vin ithe designated
floodway. |
Sl o Ee 5
Upon a determxnatxon that the

... granting of a variance will not
“ooresulte inincredsed - flood heights,
‘hazardous streamflow velocities,

si-additional- threats :to public-.

" safety, extraordinary public
expense,. .nor .create nuisances,
cause fraud on or victimizaticn of

.7 +the'public,. or conflict with"

L WD eI 25~ - existing local.:laws. or ordinances

wdw--ﬂﬁjg~i;L,T7m s with respect -to .the. use to which

fﬁwthe'proPe;tyﬁiSbtofbe put. |

(e) For any building or: structure dn:
~ existence priox to the effectlve
. 7.date of these Floaodway District
R = . Regulations. that is hereafter
st iweroo. b0 o-destroyeds or.substantially damaged
' . to 50 percent or more of its
Loonue prreplacement cost: at- the time of
#. ...+ destruction.by -any,means, if the

| :f¢¢;;ﬁqr. t:econstructionxdoésmnot exceed the
i ‘. . .. volume:.and external dimensions of
‘ :"v ... . theworiginal structure and does not
© .- offer any 'greater obstruction to
gnR370/019 - - 15 = Lo
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o .. .the flow of floodwaters than did
.+ . the original structure. '

. (f) For the reconstruction,. rehabilita-
‘< . tion-or :restoration of structures
:«listed. on :the.National Register of

‘Historic:.Places or the State
Inventory of Historic Places with-
o ..+ o ...out’ regard:to.the.procedures set
f e e S i 1= . forth. in. this.section provided the
4 ruee .t s proposed:reconstruction, rehabili-
tation, or restoration will not
- result.in the structure losing its
~. -historical’designation.

{g) For new construction on an isolated
Cte ibve ot , - lot .of one-half acre or less in
Siaewesslu ¢ wwin ..o size contiguous to and surrounded
“ vio. . by.lots:with .existing structures
_ constructed below the base flood
L ealasocn o osr so.o . level-in iresidential subdivisions
B ' b e b reoorded.prior to the effective
ydate of,thiSJQrdinance.,

. 45.12.3.. . Standards -for - Evaluat;ng Variance
‘sﬁgtjsw-.aAppllcatlons by the. Board of Adjustment
R U,InﬁpaSSLng:uponpsuch3app11catlons, the Board
’ -of Adjustment shall-consider all technical
evaluations, all relevant factors, all
Seti standards spec;fled in;other sections of ‘this
. ordinance, and: e ,
Taen Selde el Cigenate s T e A
,.‘the-danger‘that materials may be swept
‘et owncoOnto other lands-to the injury of '
SN others, R

(2) the danger to llfe and property due to
S 08 floodlng or -erosion. damage,;g,g

et oo S T . .
i 13)~wthemsu§ceptibilityaofmthe proposed -

iwsic o oo pifacility. and its.contents to flood
Plooweisetay e o odamage and-the effect:.of. such damage on
the individual owner;

gnR370/019 ' 16
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5) .t

e ()

the importance of the services provided

.. by the proposed fac111ty to. the

s 6
" ... locations- not subject to £looding or

communlty,

‘the‘necessity;of,the facility to a
.. waterfront:location in the caseée of a
: functlonally dependent fa0111ty,

the avamlablllty of alternative

. erosion: damage for the proposed use;

oy

via

-.the compatlblllty of the proposed use
.with existing and anticipated

development;

the relationship of the proposed-use to

the comprehensive plan and flood plain

~...management. program for that area;

9) e
« times of’flood for ordinary and
..i- emergency vehicles;

10

(1)

the. safety of .access to the property in

the:expectedhheightéyaVélOéib?:

sduration, rate-of*rise .and sediment

transport of the flood waters and the

. effects ‘of wave -action; ‘if applicable,
.. eXxpected ‘at ‘the ‘site; and '

vy

‘the . costs”of'providing'governmental

services during ‘and:after floog
conditions 1nclud1ng malntenance and

. . repair.of public:utilities and

i+ facilities such ‘as’'sewer, gas,

electrical, and water systems, and

- streets and bridges..

- : “ ‘ :U‘pon%,

[
P TR

consideration: ot the factors listed

above and the purposes of this ordinance, the.

this.

- Board. of Zoning:Adjustment 'may attach such
. v ‘conditions. to.theygranting of ivariances as it
;... deems: necessary: to further the purposes of

ordinance. ...

17
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45.13.5

Interpret. the exact location.of boundaries’ ot
the areas of special flood hazard (for

—example, where there” appears ‘to be‘aconflict
' between-:a’ mapped boundary ‘and actual field
. conditions) " The" perscn*contestlng ‘the

“.# location*of-the- boundarywshall be .given a
"~ reasonable opportunlty to*appeal the

Ty b
[ S

“45.13. swﬂf

-1nterpretatlon as: prov1ded 1n this artlcle,,

O E T e A Thdet

Obtain;’ rev1ew “and reasonably utilize any

L base'flood* elevatlon and”* floddway data

' available from:a’ federal, ‘state or other
-source “in’ ‘order to' admlnxster the provisions

o fi thls ordinance‘when- baSe ‘flood elevation

45.13.7

data' or floodway’ data are not avallable on

'the off1c1a1 maps, : f e

!‘,ﬁ.

‘n”AlI-permits’Specified*in#Secﬁidn 45.8 shall

be maintained in the office of the Engineer

"of Public Works and shall be open for’ publlc

‘\lnspectlon.

45.14 - Dutieé~

[EE S

and RespcnSibilitiesVdf“thewBuilding

Insgector

- 45.1471

45.14.2.

(»When flood-proofing is'utilized:fer“a- partﬁc-

ular structure, the Building Inspectorishall
obtain certification from a reglstered profes-

"Slonal engineer or- archltect,- SR e e

iBufldingipermits‘pertainiﬁgftOjthe.prOvisions.

of this ordinance shall*be maintained in the

. office of the Building Inspector and shall be

45.14.3

[

. open for publlc 1nspectlon.s R

Require a registered land surveyor to verify

- the actual elevation (in relation to mean sea .

level) of the lowest floor (including base-
ment) of all new or substantially improved .
structures.

Require a registered land surveyor to verify

"~ the actual elevation (in relation to mean sea

'gnR370/019

level) to which the new or substantially
improved structures have been flood-proofed.

-19
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45.15 - Warnlng and Disclaimer of: Llablllty

45 15 1 ? The degree of flood protectlon required by
... this ordinance .is. considered reasonable for
, qj‘regulatory purposes ‘and is, based on scien-

: floods <can and, w111 oceur .on rare occasions.
-5JH3 Flood helghts may be. increased by man-made or
natural causes. This ordinance does not
gy imply.that land. outside the .areas of special

o 1 £lood. hazard or.uses, permltted within such

flﬁﬂw,‘ﬁ: “areas \will be. free from flooding or .flood

L . damages. This ordinance.shall not create
rliability on the part of Huntsville, Alabama,
or by any-officer or employee thereotf, for
any flood damages that result from reliance

" on this ordinance or any administrative

g_;g . deeision. lawfully made: thereunder. ..

‘. 45 15 2 The Clty Plannlng Department;will submit an
"Annual Report to the- Administrator of the
Federal Insurance Administration regarding
.the: Federal Flood Insurance Program. R
(79 -239). o ’

S e P S

:Adopted by .the City Counc1l ~and. apprOVed by the ‘Mayor. on
June 30 ,1987

the orlglnal document is 51gned by the followxng.

John Glenn - President of the Clty Counc11 . Huntsville,
N : Alabama - y )

e

doe W._Darisﬁ-;Mayor,gCity;of_Huntsville,.Alabama

e

-
pet

N

‘ " - y v . -t . - . . - Al e N -
BTN U Vo Bl DR . © e . 1.0

gnR370/019 , -20
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Stormwater Management Ordlnance







"owav1lle, Alabama Las folloWS°“"

E=SMM ‘ ' R AR P K- 1-0 1

ORDINANCE NO. '

F FYORT I L)
“"'!. IR EN », v

. 1 : R ! - EETE R RSN L m e
) Section 1. This ordlnance shall be known as the "Stormwater
Management Ordlnance" for ‘the City ‘of ‘Huntsville, Alabama.

'.\“

Sectlon 2..*Pu;posec"w~HH@ :$r$-2«ﬁﬂfﬁ‘““/

i D e L
"" | e ST

R It As the purpose of thlS ordinance to control stormwater
ﬁdrainage ‘facilities and ‘land:disturbance’ act1v1t1es‘W1th1n the

r¢ corporate Yimits: of the! C1ty of ‘Huntsvillej: ‘Alabama, “so as to
‘promote the public health, safety and general welfare through
proV151ons designed to:

. 9 -

Protect human 1ife and health.

bous RARIMETES

7“3Reducegexpend1ture of public money for flood control

$t,
L

:projects.htfﬂf*w e ARG

Reduce the need for rescue«and rellef efforts assocl-
‘ated w1th flooding.

3'. L e, 2o "! LA " e R AL BRI T = ¥

Prov1de ‘'for the sound use and development of flood-

.'.prone ‘areas so-as to-maximize”beneficial use. without

;1ncreasmng ‘flood: hazarad: potentlal.-;‘;asﬂﬁxf

'Reduce damage to public fac111t1es and?ﬁtilitfeszeuch
as water and sewer lines; electric, telephone, and gas .

- facilities; and-streetsiand- brldges located in flood

plains. ST et e ke

Ensure a functional stormwater drainage system -that
-w111 not result in exce551ve malntenance costs.

v I 1'
L L ."‘. Sae 1Y

Encourage the 1mprovement of" existing flooding problems

in conjunctlon with new development.

TR

Encourage the use of natural and aesthetlcally plea51ng

roodesigna st e e g g

Reduce the impact on public and private property caused

gnR370A/014_0314 | Nt 2
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by the accumulation of mud, dirt, water, debris and
other construction materials.

s S

. Section 3. Qef;gitions

Unless specifically defined below, words or phrases used in
..this ordinance:and.in: the; ;regulations iand: technical 'guidelines
promulgated pursuant thereto shall have their. commoen dictionary
definitions or meanings they have in common usage.
RO “wj«w L hy b A WP, T R LT

nddition (to an existing buildinq) gwhuifqu‘z4wrnmru,w

Any walled and roofed expans1on to the. perimeter of a build-
ing in which ‘the addition is connected by a common: load-
.+ .bearing:wall other than a fire wall. .Any.walled and roofed
.».+addition . which.is connected by a . fire:wall or is .separated
.- Y independent perimeter load-bearlng walls 1s ‘new.construc-
N tion.: B S SRR EPNP TR "f PR IS S \ RN T i

.Lr.

T;.Area of Shallow Flooding

A designated AO Zone on the Flood Insurance Rate Map (FIRM)

Dl with base flood depths from.one.to three: feet where a clear-

1y defined channel does not exist, where the path of flood-
ing is unpredictable and indeterminate and where velocity
rgfIOW'may be evident... 0 vk osunm Ll

SR R

Area of 8pecia1 Flood Hazard

The land in the flood plain subject to a.one percent or
greater chance--of - flooding in. anyﬂgiventyear.

Base Flood T?nifJuW;‘ %”szw;%y V*?“if _éubpr
‘Q;The flood havxng a one percent chance ofabeing equaled or
exceeded in any given year. R S
.. Basement ';ng‘,f:~~n:uq£.r'g itx\]';, EEEEE I At
e e : R b - : :
That portion of a building hav1ng its floor subgrade (below
o Lground level) on-all.sides... .o - o,
S I e e SeprTod o e
Building

Any structure hav1ng a roof supported by columns or by
walls._ ‘ :
; - T Ul e e

gnR370A/014_0314
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R e

TR R Ry

Channel

R natural -or artificial’ watercourse “of perceptible extent,

with definite bed and banks to confine and conduct continu--"

- ously or periodically flowing water. Channel flow Lis, that
- water which 1s flow1ng within the limits of the defined
channel.

Ly

W g &

Portion ©of land surface or area from which earth has been
“Yemoved or W1ll be removed by excavation, the depth below

R woriginal ground surface ,o the“éicavated surface.

e e ,.e AT

Detention

Setelai UM Lot o ¥

The ,temporary delay.of.storm runoff prior tohdischarge into

O LA
Lk T B

Any 1nd1v1dual firm, corporation, associatlon, partnership
or trust involved in commencing proceedings o effect’ devel-
opment of land for himself or others.\“hﬂhvh

sy LF av_, e PRI .,,i e

'1nclud1ng, but not limited to buildings or other. o
' structures, mining, dredging, filling, grading, paV1ng,
.excavating, drilllng operations or permanent storage of
materials. . o . _

LHY

prov1des surface water runoff into a drainage system,‘which
'COﬂSlStS of a surface!stream or a body of impounded surface
water, together‘w1th all’ tributary ‘surface“streams and

bodies of 1mpounded surface water.

ca pe e
o Ee ot

Engineer of Public Works

e vkind w rt D B Dadeelens n fn mesYuah e ot

.

The Engineer fFPublic*Works for the’ C1ty'of Huntsv111e,

"‘du

Aiabama or his“authorized representatlve;

Wt e Do el e EE T "

Erosion‘ ' e sk

gnR370A/014._0314
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. .The dlsintegratlon or, wearlng of soil by the action of
) water. C .

 peavation e R
See cut. T
rill -
;1 Portlon of 1and surface or area to whlch,soil. rock or other

. materlals have been or w111 “be. added, height above original
ground “sutrface after ‘the material has been or’ w111 ‘be added

3 S
awd L

Flood or'Flooding
A temporary condition ‘of part1a1 or complete lnundatlon of
‘normally dry land areas from the ‘overflow of inland waters
i or the unusual and rapid accumulation or runoff of surface
s waters from any source.

J“f;Fléédﬁ?nsuranceuﬁtu¢yn

The official report ﬁfbvidé&ggy“thenféderalJﬁﬁeréency - (:>

_ Management Agency. The report :contains flood prcflles, as .
well as the Flood Boundary Floodway Map and the water‘
Cagmi isurface elevatlon of the base flood. o Ce
Eloodway

L

The channel of a rlver ‘or other watercourse and the adjacent
land area that must be reserved in order to’ dlscharge the

base flood without cumulatively 1ncrea51ng the water surface
elevation more than one foot.

ST S TN
. Floodway Fringe..

5
BRI

Floor

The top surface of an enclosed area inmgwhuildiﬁgmfincluding
"wqbasement), i. e,, top of slab in concrete slab constructlon
"“or "top of wood floorlng 1n woodwframe constructlon. The
term does not ‘include’ the floor of a garage “uséd’ ‘solely for
parkzng vehicles. e O

gnR370A/014_0314




| (I? o Highest Adjacent Grade

The highest natural elevation of the ground surface; prior
to_constructlon, -next..to. thenproposed walls ofkawstructure.

| Grading

Any operatlon or occurrence by whlch the EXlStingaSlte ele-
‘vations are changed; or where: -any ground cover, natural or
,fmfman-maderilsgremoved, O, any; watercourse JOX body of water,
‘either natural or man-made.is, ‘relocated.on. .any,; site, thereby
creating an unprotected area. Thls includes stripping,
cutting, filling,. stockplling, or ;any.. combination sthereof,

- and shall apply toc the land in its cut or filled condltlon.

cuiel LE B

'lImpervious surface”w

B

‘17*1 - - o . : M "

By term applxed to;any ground or structural surface that

;i.water cannot penetrate or through which water penetrates
Mith. great difficultx.ﬂ e v e warag

o T . : g Ba b
‘The 1owest¢floor of the 1owest enolosed area (1nc1ud1ng
; ‘basement} An:unflnlshed OF.. flood reszstant enclosure,
f',usable solely for parklng of - vehlcles,}bulldlng,access, or
Wfstorage and in anparea other, than the basementﬁarea, is not

' considered a building’s lowest floor, provided that such an
enclosure is not built so as to render the structure An
wviolation of the requirements of this ordinance or of the

. « regulations and technlcal guldellnes promulgatedﬁpursuant
’f;:thereto.,, L T T

gThe preventlon of storm runoff from direct, .discharge into

Lmyrece1v1ng waters. Examples include systems whlch discharge’

%ﬁthrough percolatlon, exflltratlon, flltered bleed-down ana -
evaporatlon processes. e T PR TUr S ‘

Solid material, both mlneral and organlc, that is in -
_ suspen51on, is being transported,  or_ has  been moved»from its
d:? n - site of orlgln by air, water or grav1ty as a product of
: ”pﬂgﬁer051on.,_i_ii T T T I ST
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7 Blte
‘»W’*All contlguous land and- bodles of water :in ‘one™ ownershlp,

graded or proposed for gradlng or development as a unlt

although not necessarily at one time. Gt R

‘,T-BIOPG T O R O P R TR TR S S SO

: *wﬁf - T T T N
Degree of ¢ deviatlon of a surface ‘from-the - horlzontal,
usually expressed in® percent or ratlo.~-';r, e

e

: _'s:‘;.@n'

Btart of Construction o wﬁf‘”

The actual start means the flrst placement of permanent
- construction of a structure (including a-manufactureédihome)
“on a s1te, such as the pouring of slabs or footlngs, instal-
“lation of" plles,.ccnstructlon of- columns, ‘or any work beyond
‘the stage ‘of -excavation or the: placement ‘of a“ manufactured
home on a foundation. Permanent construction:does not in-
clude land preparation; such as clearing, grading and fill-
ing; nor does it include the installation cf‘streetswand/or
walkways; nor dees it include excavation for a basement : ‘
%footlngs, piers -or foundations ‘ox “the" erectlon B34 temporary <:>'
forms, nor ‘dees’it~includethe- 1nsta11atlon ‘on‘the property
“of accessory’ buildings, such- as ' garages or: sheds, not occu-
& pled as dwelllng unlts or not part of the maln structure.

St

Stripplng ﬁffhi:‘}; en‘lu Hﬁ’?fftf fjg-gf

- ANy actlvity that removes or slgnlficantly dlsturbs the
vegetative surface cover, including clearing: and- ‘grubbing
operations.

hwde S e,y

- gtructure

Any combination of materlals, 1ncluding bulldlngs construct-
'Q*ﬂ ed ‘or erected ‘the use of ‘which requires’ locatlon on or in
sonis the ground or- attachment “to anythlng hav1ng 16cation on the
ground, including, but not limited-to, “buildings, towers,
carports, signs, billboards, and fences, but not including
telephone poles and overhead wires, fences less" than»three
(3) feet hlgh retainlng walls or terraces.

N . B

.

Any comblnatlon of repairs, reconstructlon, alteratlon, or

S
Iv A

ifi“*substantial Improvement

S

gnR370A/014_0314




(I} s oy o iMprovements to a structure, taklng place during the life of
Crifty percent 6f the' market value, of the structure. The
narket ‘value of the . structure. should _be., (1)athe appraised
gvalue of the structure prlor to the start :0f the initial
frepalr or improvement,, -ox (2). 1n“the case: of damage, the
-anlue of, the .Structure. prior, to=the damage occurring. For
the purposes of thls deflnltlon, substantlal lmprovement"'
: e ls consldered to occur when the flrst alteratlon of any
ﬁiﬁﬂsﬁtg ..wall, ceiling,. floor, or.other,structural .part of the,
o bulldlng ‘commences, . whether.or not, ‘that.alteration affects
. the external dlmen51onssof the structure. The term does
b i not however, 1nc1ude any, pronect for,. 1mprovement of a
‘ﬂﬂﬁﬁt';hgj‘structure requlred to. comply, with. existlng,health sanitary,
. . .or safety code spec1f1catlons€wh1ch are, solely necessary to
assure safe 11v1.ng condJ.t:Lonsr L e e e

BN

Watercourseiwgf'“”W“w'”v :

..uﬁgfg:‘ A channel, natural depresslon, slough, gulch stream, creek,
o ',zﬁpond ireservoir, or lake.in which, storm.runoff and

" floodwater flows ‘either regularly or, 1nfrequent1y. This
q:? ‘ lncludes major dralnageways for carrylng urban storm runoff.

ﬁtﬁﬂjt‘gu ,,,,, The,Englneer of Publlc Works, with the .approval of the
"'ﬁ,u,g:_gi,t‘01ty Council, following .a,public hearlng, shall
iomiion.. . .establish written regulatlons and'technical guidelines
s .. . ... (and.any; anendments thereto)’ as may be necessary to

© ... .. enforce| the terms. of this ordinance. ' These regulations

“and guldellnes, and ‘all appendices thereto, shall be

. oes - ... ;filed in the City. Clerk’s. -office of the C1ty of
¢ wwes. . .. . Huntsville,. Alabama. :

AT I DML R i e
’ s - !gThe Englneerﬁof’Public Works shall haVe the - authorlty
. to .issue. .grading permits as requlred under the
e \w\f‘regulatlons promulgated pursuant to. paragraph (a) of
Cewst ;e . .o .. .. this section. . Any.grading permit exemption authorized -
S L by the Englneer of Public Works under_such regulations
, Vgshall not be. construed as relieving the party
B respon51b1e for the, identified. activity from making
i+ .. .. ' onsite drainage, improvements that .may be’ required or -
from. compllance w1th the Zonlng Ordlnance of the Clty
~ of Huntsv1lle or any other appllcable 1aws or
')regulatlons.;w T . .
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B - The Engineer of Public Works ‘shall have the authority (:}
‘“*f*i'f- ‘to review all building permit applications prior to -
“3#_ .+ their ~issuance by ‘the City of Huntsv1lle Inspection

'”ﬁ“ffﬂ”fﬂ e Department to insure compllance with the- prov1s1ons of

Lo et this ordinance and the regulations and technical
guidelines adopted pursuant hereto. 'Building permit
" applications are exempted ‘from review by the Engineer

- of- Public Works if: the” structure which”is“the subject
of “such application ‘is’ to"be remodeled within its
EXlStlng walls ‘or-is ‘a residential- dwelling ‘on a single

7?"~‘ lot within an approved -subdivisiony *No'building

S permxt, unless” exempted as ‘indicated "herein, shall be

o s issued by ‘the City of Huntsville Inspection’Department
“until an‘application for such building-permit has been
' approved ‘by the Englneer ‘of Public Works: “The
.exemptions listed herein’shall- not ‘be construed as
relieving the party respeonsible for the 1dent1f1ed
- activity from onsite drainage improvements “that *may be

e - required in accordance with adopted building and
?ﬁﬁ"”“@??*‘ - construction codes or from compliance with ‘the Zoning
o ©* - ordinance’ of the City of Huntsv111e ‘or any ‘other
et e appllcable laws or regulatlons. ot {

o)

. 4. The Engineer of Publlc Works is authorized to enter
iiéfﬂ7k upon the premises ‘of any-land within thé’city of

" Huntsville for which a grading or bullding permit
appllcation has ‘been filed to" 1nspect “‘the site before,
during, and’ upon conclu51on -of*! any 1and disturbance
act1V1ty to determine compliance w1th permit conditions
fand the regulrements 'of the" regulatlons and technical.
*guidelines promulgated pursuant to thls ordinance.

“¢ @'’ 'The Engineer’ of Public Works,‘or an® employee of his
department designated- by him, -is ‘authorized to issue a.
citation to any person found by him to be in violation
of this’ ordinance or the- regulations ‘and technical
guidelines promulgated pursuant hereto. The citation
ffrshall order the person to ‘appear’ 1n the Municipal Court
T A ”of the city of Huntsvzlle, Alabama, at ‘a date and time
T *Wﬁf certain to answer the charge (s) against him.

S

Pk e

The Engineer of Public Works shall“have the authority

-] require a performance hond equal to the work to be
]performed ‘to’ 1nsure proper constructlon of any
stormwater-drainage fac1lity or proper performance of
any other land disturbance activity governed by the (:)
provisions of this ordinance.

L GrEi SR f-Cw N
¢ o0 L .
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c~:w:g. . The Engineer of:Public Works is. authorized to issue a
o e e Lo "StopuWork.Order™. with: regard-to:any land disturbance
eis o+ activity-that: ise ‘being' done:contrary+«to the prov151ons

pore s o of thisiordinance, the regulatlonsxand technlcal

.. guidelines, promulgated. pursuanti:hereto, or in a
eyydangerous ‘or:uhsafe manner.:: Such.notice shall be in-
;- =y Writing,..shall be dellvered toistherowner of the
gmﬁ’5y¢j;g;ay;»nproperty, his;agent, or the:.person:doing the: work, and
e ,;ﬂu4agshall state the condltlonSLunder whlchawork may be

(I} ' Lol T e
' L]
g
f

B Sectlon 5.-,§tagdarg
:- . ;\..j’.-w- : vl
. The Englneer'of Public Works shall apply the -following

e standards in: the enforcement. of. any regulatlonsiand technical

tiu«f guldelines promulgated pursuant to: thls ordlnance.

Md_.:,a;rwkThe calculated peak rate of stormwater runoff resulting
L . - from-a ten—year return. perlod,htwenty-four (24) hour
_,V,U_gh;;duratlon, type. II.storm: dlstrlbutlona(as defined by the

Caeit % e -Soil Conser ation: Servxce, UaSe Department of '
wf'fgﬁa;f»n;:-ghgrlculturex shall. be no greater after: development of a
ﬂ:> Lo L ww;;51te than béfore development of“a site.

~

b.. No construction, whether by prlvate or publlc actlon,‘
shall be performed in such a. .manner, as.to materlally ‘
increase the degree of floodlng in'its vicinity or in

- other areas-.whether by flow restrictions, increased.
. runoff, or by, dlmlnlshing channeléor overbank storage
:capac1ty.,n,f,‘ ;q,aum:wag R IR :

Yoo : . el ey AL . e Ser

sl e Section 6._ stormwater Manage e t' ard}gﬁf?

a. Creation, number, app01ntment and terms of offlce of
members, qualifications,: removal compensatlon.

ey o - oo There.is. hereby created. the, "City;of, Huntsville
BA e e Stormwater management. Board". which: shall consist of
Cilpp o e flve members | appointed by the Mayor and approved by a
e majority vote of. the C1tngounc11aA:Each member shall
gﬁ,"g, «be app01nted for  a. term of ‘three. years, except “that in-
O T . the first. 1nstance, one member shall be appointed for a
oy - term. of three years, two for a. term of., two years and
_ G e e - two for a.termof- one year and thereafter each member. -
(:ﬁ : - . app01nted shall serve for.-a term of, three years or
. until a successor is duly app01nted. In addition to

gnR370A/014_0314
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the five regular members provided for in this '(:)
.~ subsection, two alternate members shall be- appointed,
i..’in like:fashion:as the regular.members to serve on such
> board at.the call of the chairperson only in the
«absence of regular members,: and while:so serving, shall
v+ have andi exercise'the‘power'and'euthorlty of regular
~members...:Alternate members shall:beiappainted to serve
: k ;for-three‘gear terms. “All. members: shall be eligible
C s s ¥ sdy o fort reappointment. Two' of:the regular members and one
C@ smm Awealternate.shall be registered:civil: engineers. One of”
the regular members shall be a hydrologist. The
remaining two regular members and one alternate shall
be appointed from the community.at large..:All members
o shall be residents of the City of Huntsville. No
=%yﬂ@$iéﬁl member shall-hold an ‘elective foffice, nor:shall any
L 7 ... member be an employee. .of Madison County -or. thE‘Clty of
-Huntsville, Alabama. ' All members: shall.serveras such
‘ without compensation. No member shall exercise the
I powers'and duties delegated to'such member by this
N -ordinance in' connection with any matter pending before
Levi 3w -the -Board- in which' such member has”a.pecuniary or ‘
- T -direct- interest or would be financially affected by the
:ﬂeﬁ&Jf “final result.” Members may be removed. by ‘the Mayor for '
‘continued absence from meetings.of the Board or for <:>
other just cause..

Orgaglzation

vl e Within ten- days- after 1ts appolntment “the Stormwater
Cremelie 2ol Management Board shall:elect one: of its members as
| chairperson and another as vice chairperson. The '
Engineer of Public Works shall appeint the secretary to
the board who shall be the. custodian of the minutes -and
records of the proceedings of the board.

‘e.” puties and Procedure - - -¢ -

. The' Stormwater Management  Board shall adopt such rules

- . and’ regulatlons ‘as it may-deem necessary to conduct its

«/» ' business. ' The board shall hear all appeals as provided

v+ .'in this section. - The board ‘shall meet at regular,
.monthly lntervals, with the day. and. time to be

' determlned by “the chalrperson.r In the event no appeals.

~ have been filed and there ‘is no business pending, the
?Jvchairperson may: cancel the meeting at any time after
vﬁ"the seventh day before 1ts scheduled date. : (:)
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it »l-vl‘

‘Four members of the Stormwater Management Board shall
“constitite a ‘quorum.”” The concurring vote of four
members of the board shall he required ko reverse any
order, requlrement decision or determinatlon of the’
N Englneer of Public Works or, to decide in favor of the
) appllcant ‘on’ any matter upon whlch rt 1s requlred,to

pass under or to. effect any variation in this ordinance |

.-, OF the regulatlons and. technlcal guldellnes -adopted
‘pursuant thereto.. No member of the board shall vote on

T
fowk k& b

fﬁi if’ avallable, ‘shall’ replace any‘membe _who has a
" ‘conflict’ of ‘interest. : R

e s

,“;""‘.‘.A ‘ eals T‘\ 5 .\ -1"\ e : h‘

*by any person aggrleved by a decmszo .'of the Englneer
.~ of Public. Works arlslng out of the regulatlons and
f%i‘technlcal guldellnes promulgated pursuant to this
e N ;ordlnance., A notxce of appeal must be filed with the
q:: eI "Engineer of Public Works 'and the’ Stormwater 'Management
' ‘,,HBoard w1th1n 15 days after such dec1slon of . the
JgEnglneerﬁof Publlc,Morks, spec1fy1ng the grounds
':\thereof. The Englneer of Publlc;Work wshallltransmlt
,'to the board ‘all papers constltutlng the record upon
'thlch the declslon appealed from was taken. The board
" shall give ‘public notice of the’ hearlng of the appeal
ove. .. as well as. due notice. to the. partles 1n interest,. and
S ghall dec1de ‘the same, w1th1n a. reasonable tlme.

-._.v:ux

. 'k“,‘ -

. decis;on of the Stormwater Management Board. (a)
"”reversing or varying any order,‘regulrement, decision
R - determlnatmonlof the. Engineer of’ Publmc Works or (b)
L in favor ot the appllcant on any matter upon which it
i’ requlred to pass shall be 1n*wr1t1ng and shall
specify in what manner such variatiéns shall be made,
. the condltions upon whlch they are to_ be made and the
™ Feasons” therefor. R

e
A

Thhe ke U

PR .
e TS e

A e J?lmmEvery decislon of the. Stormwater Management Board shall
B LT be, flnal, subject however, to such _remedy as any

, ”f”aggrleved party may have’ at’ law or in equity. Every

: qr\ ;na-snw‘er - decision shall indicate the, vote of each member of the
B R L board upon the dec;sion and shall be entered into the
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board’s minutes ‘and flled in ‘the- office of the Engineer <:>
of Public Works. A copy of each decision shall be
dellvered by ma11 or otherwise to the“appellant.

RN

T e a.swaa:ﬁls error 1n any order, requlrement dec1510n or
- "determlnatlon made by the Engineer of Publlc Works in
w7 %7 “the enforcement of this ordinance™or ‘any regulation or
oo “ﬂteohnical guldellne promulgated pursuant thereto;

(2) To authorize, upon appeal in speciflc cases, such
| variance from the terms of this ordlnance, or any
- regulation or technical guldellne promulgated pursuant
Yoo W thereto, as will'not be contrary to” the ‘public
Rt “’ “interest, where owing to"special” conditions, a literal
f“"jfjenforcement of the’ prOV1sions of“thls ‘brdinance, or of
-, any regulation-or’ technical” guide wbromulgated ‘
““j’pursuant theretc, W111 result 1n unnei essary hardship. (:)

- -M-ﬂ sl‘

, In dec1d1ng appeals under paragraph (23 offthls subsection,
the Stormwater Management Board shall consxder‘all relevant

““ factors; including, but not limited to; all‘ technlcal

*“evaluatlons,‘all ‘standards SpEleled in the regulatlons and . 3

'";technlcal guldellnes promulgated pursuant to thls ‘ordinance, and:

".The danger that materials may be swept onto other lands
to ‘the injury of others..

”*“b. The danger to’ llfe and property due‘to flooding or
U eresion damage._ e

The susceptlbillty of the proposed facillty and its
" contents to floodldamage ‘and the effect of. such damage
'ton the individual OWner.-jfu_

d.*" The importance of ‘the’ serv1ces prOV}ded'bY ‘the proposed
facility to the community. o e

The necesslty of the facillty to'a waterfront locatioen,

wfln the ‘case of a functlonally de"“nd‘nt_facllity

The avallabllity of alternatlve 16catlons, not subject (:)‘
“to floodlng or erosion damage, for thé"~ proposed use.

R
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g. The compatibillty of the, proposed use with- exlstlng and
anticipated development. -
) : thfhe;safety of“ecoess to éhé propertv in‘tlmes of flood
PRI =) ok ordlnary -and., emergency i

. - LS riiger b

i. The expected heights, velocity, duration, rate of rlse,
and sediment transport of thelfloodwaters and. the
effects of: wave actlon, if appllcable, expected at the

site.

. ' S S RSN S “IJ‘;L, {EpETp

" 3. "'The costs of prov1d1ng governmental servzces durlng and
after flood condltlons 1nc1ud1ng maintenance and repair

~of public utilities and facilities; such as sewer, gas,

_electrical and water systems and streets and bridges.

m‘w.: [

i W ,i.' Saq Mwddr

‘Upon con51deratlon of the:-factors: listed above, and the

objectives of this ordinance, the Stormwater Management Board may

Qiattach such condltlons to the granting of a variance as it deems
| necessary to further such objectlves.

s Sectlon 7. Pepna t1es an nijun ONG - i & T LR T

O

a. A violation of this ordinance shall be punishable by a-
fine of not more than Five Hundred and No/100 Dollars
($500.00) for each and every violation. Every day that
a violation contlnues shall constltute a separate

wt-!;‘/‘dl-"m:.u‘

‘offense.g;

s E

b.  In addltion to all other‘remedies provided by law, the
c1ty of Huntsville shall have the right to injunctive .
relief for any violation of this ordinance.

gnR370A/014_0314 ‘ | - S S
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. Section 8. Severabilit ;1#;5-1L5;;;HQ§; T | <f>

- o e

- The prov1sion of thls ordinance are severable. If any
Cil. oo .wl.opartiofcthis ordinance -is declared. toibe invalid or

‘ ' unconstitutional; ‘such-declaration’ shall not affect the
part whlch remalns. _ : ‘ ;

sy

o e
L oL e L #
.DAY OF ’ s 1991.
et Brvvad™ e Caes e LTI T el _
RPN N
j. - 5 fur 1 k

President of the City Council of
the C;ty of Huntsv111e, Alabama
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- o Mayor of the Clty of TR A
' Huntsvllle, Alabama
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