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PREFACE 

The Huntsville Stormwater Management Manual has been 
p r e p q n i c a l  suidelines 
on stormwater management- for developers, landowners, 
builders, architects, engineers, and others involved in 
development activities. The manual is available from the 
Department of Public Works. 
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. .., r ,  . , , 
L .'ORDINANCE N0.1.94-265 , . .  , '  

. , ' .  . .  ': ' ' . " ~ . . ,  ' . . 
, " , ! :  i - , .  , . 

: . /  . / ,.,, ' > , . , 
, . .  ,.. '.$ht..,:. . , . . . , . .  4 ,  , . . : , % ,  ,,.,.,,.;: *., .# . ' , l , ,~', .  "''.:! .', :"EE:IT ORDAINED:~)~ ,the citX I~ouncfl .ofa the .City of 

*a<, ,  '+'A 
Huntsville, ,Alabama, chat ,.the ;following :sections :of the 

I , .  . ,  . . Stormwater Management 'Manual <of .the.,Citr,,taf,tHuntsville . 
' -'".Department of ,'Public' Works; :199l'rEdition,i as ::adopted by 
, ':?",0rdinance "No; ' 91-375, "and. imended . by :Ordinance No. 91-432 

and Ordinance No. '94-186, ;,are, hereby..amended ,.to read aa 
followsr - . " '  : ?  ":'.. . , .  . .  . 

, 
. ,  , . . . ,,, .' .. < , r': .., : i :  . ..r-!:. *.:st ..,. . ...r.:..f: (i , . *  , ,... . . . 1 . . . . r i.iaxfr:j . k;:a.?Ln:!$ 

Amend Section 2.1.1 to read as follows: ' ' '  ' 

, . I, ( , ' .  , .., - , . 
. I ,  ...,, < .~, .  ,*,, <;s.,:. , .c,i-!j:t,:>Y; ,:+;...t : ' ~ d  :itnp&ent' th.e obje~ti~es.presentkd:,,abo~e,~~the following 

standards'. shall hpply: [ : '  :.;; ;,;:;~;:(,:,! ;ii.i rLkl; 
.,,.',! ,.,. ,. <.... i , i.'. , ... . . . 

, ., . a 3 :.'J c>'..<?:~.;:,~~i.i:,,.:c,~~:, The :,dbfkiat=h' pe&:rate,.ot,.,.tonnwater,;Nnoft 
esulting 'from ]ti ,ten-year. .return. period,i.twenty-four 
24)'"hour' duration, type II.:sto+m distribution ( a s  
ef ined by the 'Soil~.Conse~ation~,.S~ice,,~~ U .S. : 
epartmentyof: Agriculture), , shall: be,.no,igreater after 
evelopment~. ,of..a site,, than before development of a 
site. . , , . . .  . . 

, . , , , \ ,  , , , , .> ,,,:,"~. p.. , :, : > < <  ..,g;,.,;i I . , . ,  . ':<I p,l,i.>.~al! : 
., . . ,  , .  , . , . :  ..,. .::. . ,:,* " ,:., " :,-' ,A,.,,. ,<,<>:,,~ clP<l,~,; ;  

2. NO con~t~ction',whether 'by private,or public action, 
, %  ,. .., , .  ,shall be:,!performed in, ,such,a. manner,,.as,,to:: materially 

' increase the degree, of 2~flooding,,ip.Ji$ts;,vicinity or in 
5 . .  7 . ; .  . ' . . ; I ;  ... 

, other areas, except that construc,tion,, fhl.1 within the 
f loodwayJ fringe :areas ,and: :along,,unstudied: streams 

.' "": shall 'be accomplished 'according': to the flood plain - 
regulations of the City of Huntsville Zoning 
Ordinance. ., ! :. .,,. : ,q.w.* :: ,F$;T ?.:,',s. .5 , 4x~,,.:$am. : ..,. 

: 1 , :  8 ;  i , !  J '  ' .:L 
b e n d  Section 2.2.2 t o  read as follows: . .  . ~ 

is, .,, ', ' , , , , 2;2: Gfi&ING:-PERMTTS : . e r . c ,  2 . '  . . .  , .  ;. . ! ,.,. : ~adrwi rwi.;iih:.: : . I , .  
, . 

, ; -.  ., :...r1. f r:l: .hr,(. 
i 

,:, I .... I .i Grading permits are >required from.,the.. Engineer~of, Public 
Works,. before ,the connuencement o f  any. land.;diaturbance 

. .:,activity; including.,grading,(,exca~tion,~clearing, filling, .. . , ' ,  % , 
, . : ,, i, or",construction':.or. pavLng :.of ;any parking,lott;or existing 

, parkingarea. exceeding 10, OOO,,S.F.f of; imperyious area, 
' '  within the.;.City.:of Huntsville unless,.,exemptl'by.:the 

provisions, of, Section ,2.3 ,,~GRADING,PERMIT;EXEMPTIONS. 
xemptionsshall ,.not ~lk',construed pa rsliev&ng.the 
esponsib1e:party fromother' requirements,,within these 
egulations' and/orl:'f lood,,,plain., requirements (see Chapter 3, 
ection 3.45, r "'Approval'of ,or.:~exemption'~ from,,the , grading 
e m i t  requirements'shall not:be,construed ':as,relieving the 
esponnihle , party"from: theirequirements ;ofnanyi40ther 

,app;icable;:federal, ~tate~,or;local: laws i': L;l,;:t,,:,, 
. . . L1 ," ., 

, it.#: ,:..i .*I;:.-* , . , . , , , , a  . . ; r .  , . . ~ . j . . , :  :&.i.;t\, i. id.. ,i,.,?,*i.*,. 
, , 

. . )  . - .i. ..: :.s.: ;,.,:> .<!,:.k e.;+<,,:o%>$~ 
~ m & + ~ ~ & t f o n ' i . f  .,.,%. , ,,, . , .:. .,lJi& . 'read asl follinrs:. ., , : , .. .. . . . .. , . . . . , . , >_ . . , ,  . .  , . . : ,:$ ,; ; ,J.cca.ia. 

. , . . 2.3.1 EXCAVATION OR PILL,:. ,.,: ,, , ,  ;c)j,fl ,,., 5 , ,*, 
, , , , . , ,. , . , ... . ... 84 ,. - .. 

, + , . '  
No grading permit is'kquired for an excavat-ion or fill 

' -"that. satisfies allof the following criteria: . *  - .  , - . 



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':alC:disturbed',,areas,. 
. . .  4 ;  Will have no fill placed' on a,'surface.,having a slope 

I 
' steeper 'than 5 feet: hori,zontal:to::l -foot.;PertFcal. 
Will have no'.final :slopes cut"steepe,rlfhan ;3,,feet 
horizontal ' to ,I ' foot vertical.' ...., . . *  ., , ,  ,,.,.. k. 

. 1 , ' '  6. Will *not contain hazardous substances., ,;:,j p' ''' .,, , . . .,: L: 1 

In addition, the following activities do not require a 
grading permit r . , . . .. . • . ; *.>, , ,,"!,, :;;, . . ~ , C G , +  5 . <: , : . . I  :. 'st8\  *,,.A::;.>:. ..:,,vL-: :>:, 

1. Burial within approved human or animal;,~emeteries. 
2. Construction of accessory structures'(as defin'ed in 

, . the Zoning Ordinance of the,City of ,Huntsville) 
.F.-. *, : ' ', related' .to"sing'le"family residences:'or::i.dupIex - 

structures authorized by a:building'permit;"pfovided 
the disturbed material or fill. is. handled. in such a 

'., manner' as' to'conform'to:the approveil~,erosiori control 
. .  . . '  . . plan for the area'. or,, where 'no,such.e~sion control 

, . . . . , ."'plan' is in0effect, 'that such',work is;, performed in 
.conformance' pith' the .basic, principles,:,of~jerosion and 

. ., . sedimentation control. as', contained'in 'Chapter 10, 
.,,, ' , ,- , , . Section 10.1..2 of this; manual. , l:.,:;,,~,.; *.J ':x'<..?~,. 

3. Pavina of existina oarkina areas that ?&ver leas thah - - 
~ - ~- 

10,000 square fee; and safisfy all the requirements 
for exemption. . # .  , . . "  , , .  : " ":.. 'A"'." .." ", 
Construction and paving 'of"n~~.'~afkin~..'areas less than 
2;500 squarefeet and satisfying..all: the2-requirements for. ebemption... , A>:., . ->2 : ,  .,.,. ,..:.,. ,<.;: ,. >::,;,.. 

.. ... . - 1 "  
Resurf acing- existing phved , (;lin$er+ii"a)., -areas. 

. + I  : 1 , .i.; :<>:,,.'. .,., ' . ! A  .,.I ' I . ! , . ,  , . , 4. t ; irs  . . . . .  , 
: . , . ' I  . ,.,... 

read as follows: 

2.4.2 REQUIRED INFORMATION .. . . .. _ . . 1, ..! ,. ' , , >  .,,. > ,.*,,>+,v"@..*": :,>-:.*,.*.: 

A complete application package-"ehall-include..infonnation . . . . ,  on . . , , , . .. '.I. .i> .; . . ,. the following items: 
, . , . ,  ;.,. , < > 

c ~ m ~ l e t e . ~ ~ l a n  of. the;propose+ :develpment.,;at, a scale 1 
-less. thanl.1 inch'-",lOOt.feet. :Thisplan'is:'to 

. i ,  clude 'existing and.-'proposed ,cdntours..at: intervals no 
eater than;~2~~feet,*with~ at: least 'one::on-ciitei,bench 
rk'required; ',including the' e1evation':relative to 
tional,Geodetic VerticaLy~~ate': (NGVD:~;: , ::; i;..,,:: 
ntours must b e  drawn, sh0w~ng'~~t~e':elrvatibnw; 
ferenced to the site;bench:'mark~ shown:'on!,$he.plana. 

. ~ 

ntour ' lines '.shall; be 'extended: to: the:'centerline of 
1 roads/str*dts:bordering. the tdfteh';;?.'l'"":,::,;: 
iating and 'proposed b ~ i l d ~ ~ s , ) ~ , i m p e ~ i o ~ s u r f a c e s  

.., . (all parking 'areas will: be~considered-'$penrio,us), 
easements ,':right:bt;way- land, , and,z:jdrafnage~.:bt~ctures, 
including'inleti'i' cdtch'basins ;'--manholes ;i.. junction 
boxes, driveway pipes, culverts, cross drains, 
headwalls, outlet.facilities,,and sanitary sewer:,, 
with size, type, -slope, inverf 'elevations ,"and' 
quantity indicated. . ., ~,,,,i.~,, - ,Y% ~ . :~ ..  . 

3. If a ~roiect will be c o ~ ~ t ~ c t ~ & k ~ ~ ~ h ~ s ~ s ;  'cemmon 
facilitiGs and.phas1n.g .schedules,, ,,,. ,. ,FLi.. mr. 
Hydrologid and hydraulic. "calcula.tiona,~~~~i tX&ropriate 
design .'coriditions':and fa3il'itf es*, "i.ic3fud~kg:..'*''" 
detenti~nlretention~ facilities and reservoir ,muting 
;calculatidns ' a s  required 'bly~:~hd'pter 9;:o$,"thf a manual. 
~ny'proposed ditchespr~.channel, $mdfpvements, with 
typical section' and:proposed.-1imC:ts. :of3 :change indicate*, ;,;. ,..'.. 1 . 3  .. ..;. . ;... . . . , . ,,, ;x! ..., ~ D., 

,, ,. . '.,..... 
Any high 'watbr'marks 'or 'flooil lines ,?eithe;r calcufated 
or observed in the vicinity of the proposed 
development, and the source of said line or elevation 
indicated. 



All fill areasindicated as auch,with the,,limiks and 
elevation. indicated;.: : ': , . .'. . . . .  .. , .. . ,  

. . . !  ..,. :L.r 

Drainage. arrows indicattn~:the.'e~istin~'hid~:~ro~osed 
direction of runoff', throuohout''theal~n~ ~ "' , 

a~ - - -  =--... 
Invert and top of grate elevations on,.all ;catch basirts 
,and inlets i n  addition to,'f lortrine ,el+ations, 
stations.;: and~:percent.':grades"of allcross diaLns and 

- - - - - - - - -. . - -. . - 
Pipe between inlets and catch basins. . - - - - . . - . 
Po> flood plain areas, designated f loodway ,along with 
regulatory flood elevations, cut and fill 'cross 
sections and calculations, and lowes~,.floor elevations 
for' buildings in the f 10oh~'~I;ain':""~yd~~~~~~~ :, ' 

. 

calculations should be' submitted, when-,appropriate. 
mporary.:erosion .and...sedimentation' 'contro1;;measures 
straw.:bales,! *silt-: fence, 'etc,;)? ,t$'~-$m$~eme~ted 
uring constniction>:'as' requiredc'by .ChdpterllO of this 
anual,,. : $' * ': ; ,:. ;',.g'a',.l.: ci.t.23 r* .A .~ . : :>~* i  iV!i'.d "-I.", 9.. . .\,..:>, ,,>,. r,",,,'. . 1 ' i .  ." r nalybtabklizatibw', me&sure&'proposed. 'fOr*$~l~ 
isturbed' areas.,on -the:"property;"I'&e~&"ith: slopes 
qua1 to o r  greatet'thid t w o  fee.?horizo"t&l~~to one 
oot:,vertical.~shally'be stabilfzed with'riprap,,'or 
nother:equallyaef fectlvw,' stabi~i'iatiori'meisure. 
tabilitation;..for. eacW'ditch 'shall' be; shes: " 
ere specla& structures: such-5asdbox;',kullvertii.; 

bridges, or junctionboxes are propoaed,detail plans 
i.. ..showing~dimensions.$',~reinforcement,~ apacing;':sections, 

.,, . . . :.,. elevations-; and~otheripertinent"infonnation;'~; 
i4. A summary of the quantities of 'materials'*to-be used 

y,, .an and an estimate of thecost of construction and 
w:.. . ;:, i:,. ,. , completion:. ofi.-'improvements require&>bc this manual 

. . . ; :,(for, whichimaintenance*of': such'? imptovements by. the . City is required or anticipated) shall beprovided so 
.; . . .. : *: :,.:as to6 determine:: the~banijunt.af?th~bonil'~requi red under 

: . . ,  , r:Section,.2.5<6ah~rei~nii i>,ri~J8 ""i?:.' ' ? F I L ~ ~  JI.i~iiJ. 
;.o,d.r !,.,.i,j I; J .,iplansp,and',~calculationd~Signed#~diid;&~~~~d by 
. . .-:.. :i.: .-registered engine'erj'"Iandscapd~?arShi'tecd,. or land 

, 
. . ; , . .  , ,. :surveyor, if .~appropridte ;"Iff ,-applYcatZon' is for a 

8 . . .. . gradingipermft. :: If application. ?isJ~for:jd:buflding 
: . a , . -  .; ,permit, 'jfsignature'.arid :seal of Ad. registered engineer or 

: , .:architect iis,~required "nless dtrie'mfse~exempted. 

Exemptions from the fequirement to furnish existing and 
proposed contours, site bench mark, and the stamp of a 
registered engineer, architect. or land survevor. shall be . - .  

following specific case: , , , < , , < . . , , . . . . ,  . '  .. . i . 

tructidn 'of: okari iidditi6n.std.'a 'hen-residential 
.,. .; .  . . . .. : S t ~ ~ t ~ e . ' t h a t  has- l~ss.~than ,2;500 :square, feet of 

floorspace and less than 5',000 f ware feet (including 
structure) of additionalimpervious area: 

. ,.. 2 .  Construction ::of'~or*an addition-'to';:ahY issingie family or 
, ... - ,.r+...- -duplex,:residential structu're'jlnat"1ocated in an 

;' .',:;.. i . . - approved -subdiviaion;'~-of iless l than."5;:000 square feet 
of impervious area; or 4 .:,;~;.',: .,. ., . j ., 
onstruction of a swimming pool related to single- 
amily ,residential. :or ~-dup2e?ex.'s't'iuctures.! provided that 
he -activities. exempted Lhereid,:'sak%sfy the, excavation 
r ..Li'll~;criteria"of ~Section2: 3~;l~:'~~wimming pools, are 
xemptr fmn~the:'re~QraBent~"of., 'paragraph (I) and ( 2) 
nder the,excavation~~orL~iI;l'crfter~a of.Section2.3.1 
except for the requirement under,paragraph (2) that no 

. : ~ . i x - ' >  more. than: 200~.cubica~yard&bf:material inay be deposited 
'2.l :.A*-... . !.on dany*'euch :lot . . or'.garcey'withodt .an' approved grading 

plan). , - ,  . . +  :i.. ,.,.. ! #  ,,-* ,, , . 

. . : - App1ications~:ithat 'do not.. teqrrire, ~bntou'r~~elle*ations and an 

C : . . F ,  ! i-.-on-site:bench mark; as: provide* ab'ove ..ehal'l include existing . . 
;:.;:I ... :~~and';~proposed-spot.e~evaations-alon~~with"h'd~site plan showing 

. . . , 
,,..:I', :., distancea.,of.any.new atructukes oreconstruction from the 

' , , f i t .  .property1 . , 
8 ,  ', , :: : 2 : , : .  ,., , . " , ,  



. , . &  . 
. . ~  , . These exemptions shall notbe.construed as relieving tlre 

identified activities from compliance.withthe flood plain 

~. requirements of Ordinance No. 07-269,:.as..amended, or item 
,... , ,  -(lo) of thisSection,or,any other~apelicableiregulations. , , , 

. . ,. . ,,,* i!5 . , d , , \ . : r , j  . 3 

) ' .  . ' - Additional inforniatfon' required for ,varidis~,T.facility 
I components is co 

. .. .~. . , . , 
, , . ,  

ectibi'3.2.5 , . , . to.:&ad 

3.2 .'s . :STORAGE SYSTEMS .. " '  ,,. .$ 

, . , , ,  , 

? ' ~   hi s&nclard for 
, ,,.,: *', .: 

systems shall be 
".'' ' 'stormwater ,runoff shal . 2 , . : . ,- ~,... a site than'before development of a site. . .  The calculations 

shall be made consideringa.,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 
site conditions., .The.hydraulics.anddesigntof stormwater 
storage systems shal1.b~ consistent with,.the:criteria and 
procedures. presented in Chapter 9. >... ,,., J ,  ,.,. , .r . , .$v :, 

Exemptions from the requirement to provide on-site 
retention and/or detention tacilities.ahal1 be aiven in the 
following specific cases : . , , .; :: .,;:,, =,,,,.. ., ,:, : -. .. ., . . . 

1. Commercial or industrial development which adds less 
than 10,000 square feet of impervious surface area. 

, . , , .~  
, ?  3 

< >  ' . v ; , ~ ,  , , , / a  t j  f ? ? .  ~? ::.:.:*;.: :,,,, x, ? , $  I>,?,: , . 

, . . , .  2. Any development,.which..reeulta~~~ni,lesb than a 2.5 
cubic feet per second increase in*,the:.ten year s t o h  
peak discharge from the developed site,.-.pr&vided that 
the City-Engineer may.require an analysis of the 
downstream drainage facilities to determine hydraulic 
camcities of affected drainaae. svstems. The-citv . , - ,.. - 

, , ,  . ~nGineer will requi're?an .analysis :of,.,the, downstream 
.system ,when the ,following conditions.,iexLstr 

. , , . .. (a) There is a history,of flooding in.:the.,vicinity of 
. , . . the proposed. development .site ,:.. or ;.there.,is 

: ,  .. . . , evidence of .undersLzed,drainage-facilities, or , ,:,: . ., i .!,I ,:.*c.,. . ,A"??*,,: :<:-" ~ d <  !?'?t*.4.,, 

(b) The City Engineer has' inspected the downstream 
. ,  . ~. drainage, facilities ;and needs~additional 

information to .determine.: the. ,capacities of those . - 
: i . , . , . . .  ,, ~ , ~ .  facilitie,~. . ,  .' I.;.+* t , ' ! .  .',.. l.,.i-.i.: +Pi. .- ' 

, , , ,  , ,,% ,,.., ~. . ?,,:,. i<> ?<~.. . ,:. -..>. , . 

.is( . . 3 .  Any developmen,t; or cqnstruc.t~on.,where,~~:based on a 
. , .  . .  competent.,sngineering study~iprepared by!.a registered 

. , . . , , ,  , . 
, . professional: engineer;.!satisfies. all.:.tha following 

criteria: . , 
., . ' . ,  2 ,  , . : ;  I 

, . , , . . .. , . . .  - ..,, >::  "& '>., p+\,: ,.',,,,..? V.f.,P,' ' ! .  

.. , , , ,  : I  < . ' , ~  
. . , . (a) The .s~t~nda~..rs'~irem~t~~,in.~,~ection.~,~ .1.1(2) is ' 

,, #.; .t, '2 t4 ,J 
.satisfied, .and,particulasly :that!ythe.increase in ; 

. ,. : , , , . .runoff and..peak,;diacharge: .from :the .:development 
ti ; '. . . shall not,,'increa~e.~.the,,degree o,f;,flooding in its 

I . : , .  . . , ' ' , . - 'vicinity , . . , . . or, , +n,.other,.ar@as; ,*.:.. . . :.7, r,?2 
*>,. . '. ., .,) , ..!*..,,,. t.,:., .,,; J * .  .o**... i,:?'.;! ;....;:t '$c#%,-!.'%$; 

, , , : 
. (b) 'The;,,iricr€ase,,~in. .runofi: and! peak, dsscharge from 

,v'Lt.h.: . ' . ' ,  the development .shall not cause; an ,increase in 
erosion or sedinientation; , , llk.jk 

, , , . , (c) All downstream ,drainage systema7.and fpciLities 
c.; t,  ,. :.? fi . . " are adequate;;,to handle. the::,increase. in%.runoff and 

. ::.* r >.> 5: ; . t 
peak: discharge. from ..the. development, considering 

. totaL.development:oL.. the-watershedc.:, The tdesign 
e t o k  used for determining the.? increase-in runoff 
and peak discharge will be in conformance with 
the design criteria in Chapter 3. 

. , 



If Paragraph 3(a) and 3(b), are.,met and 3(c) is 
., . -. : .not met, thenthe:CityEngineer:will'detemine 

C ,:--I , .#., the~~al1owable'increase'~in peak'discharge from the 
proposed development based,on the, following 

." .,. ,- "'.: !8:. : . . 2 , :.* ,.. .'. " . -. 
. ? . .  , 

,$ ; *?., ~. ,+",,,. . . : , 2 .  ; $ ~ ; , : ' , , 3 ; :  " .: .<?$.!i,~ . . 
I a - c,;- . .d,$ , ; ( ~ ~ j  ;': ,>.. ":*.':' :""'i!"::?, 

. Qa ,- allowable . . fn&rease~~iri"fl i~~"~ischarge,  ' cubic 
.,. ,... ' . feet per 8second ! ,:. : .:> :,:;>:. ,.:*b:h-, 

Qc - hydraulic capacityof d&%atream system, 
cubic feet per second. 

~Qp~.'~..present~:~ondition.'~(~re-d6~10~m~nt) peak ' 
dis0harge;:-,cubic' feet"ijer:7second 

At - total watershed dra,icge,.area, acres 
:Ap, ,- drainage 'area :bf'propose&'.development , acres 
.,.,., :; >,, ..,+:t.,i; , , , ~ ~ . & < ; ; ; ~ V , : * ~ Z Z  *:>?I,'. 'W<L..*&,.'*f . . 

4. ~onstruction, or repair of, or addition t ~ , ~ ~ a n y  
residential 'dwelling located ~on'&ingle~?ots within an 

,, ..,: >.: 2 . , q 1  ..., I*?;, ,,..A: , , $ I ,  ,,,'',\. approved subdivision;+-'-:. 
z.,,:a...,w ;,, $#,,,; z 7 ! ,  , t A . : . , ~ @ ,  v , > , ~ , $ ~ I ~ v ~ % ;  . G : . ! "  ri;~&*Lt-<?! . . 

Constructi&; ,drr..rep&~of /'.~r?:addit~o'@yr'd;;L;;any 
commercial pr industrial buildings or: factkities 
includingparking areas located withinan<approved 
subdivision where-,ati"existing stormwatsr',detention or 
retention facilitx has:.beeW desfggned"'and!cdnstructed 
to. meet. the!. requirements of'this mknual':" """ 

w >:> 

Amend Section 9.2.3 to read as follows: 

.9.2.3 GRADING AND DEPTH 

C 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 3x1 (horizontalrvertical). Slopes for 
riprapped earthen embankments should be no steeper than 
3x1. A slope stability evaluation is generally appropriate 
for embankment configurations with impoundment depths 
greater than 3 feet. 
The maxhum depth of stormwater detention/retention 
facilities should be conaistent with safety and aesthetic 
considerations for the system. In general. if the facility 
provides a permanent pool of water, a depth sufficient to 
discourage the growth of attached weeds (without creating 
undue potential for anaerobic bottom water) should be 
considered. A depth of from 6 to 0 feet is generally 
reasonable. 

Other considerations when setting detention/retention 
facility depths include flood elevation requirements, 
public safety, land availabLlity, land values. Dresent and 
future land use, water table f lictuations, ~ o i l - ~ r o f  ile 
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 freeboard of 1 foot above the high 
water elevation of the design flood shall be provided, with 
higher values considered when addressing special concerns. 

Alllend Section 9.7 tb read as followst 

9.7 PROTECTIVE TREATMENT 

Protective treatment may be required to prevent entry to 
facilities that present'a public safety hazard. A six (b), 
foot high security type chain link fence shall be provided 
for detention areas where one or more of the following , 
conditions exist: 



, , ' .  . , ( . ,  
1. Rapid stage. change; that :would make escape . . . .  . 

. +  , , , * . . .  
': ." ' practically impossible for. small children . . . . . . . .  ....... ..,, .. , ~. . . ,- . . ~ ~~ 

.......... . .  . . . . . . . .  . - ...... ' . .  :-. 
' , , , , . , . ,,. , 2." '~hter~depths that eith6r.exceed ,2.5 feet for more 

than 24 hours or are permanently wet and have side 
slopes steeper,than 4:l -(horizontal:vertical) 

3 .  Passage through the detention area of a low-flow. 
. . . . .  ::;., , , ,wateqcourse orditch with a.depth greater than 5 

feet or a flow,velocity greater than 5 feet per 
, . . .  . . . . . . .  , .. second L.. . . .  , :. .?.$:. ... . x .  

, . . .  , . , .  ,. . ... ....a .,.; i,>.. ......... " .  . . . . . . . . .  
. L .  . 

. . 
2 .., . , 4 .  , Side..slopes. that :equal ,os exceed 1.5 t 1 .... 

, (horizontalrvertical.):;.;;~~:,.t;:! . . . > -. . , .i:' . , ' .,.'F ib l ,n .  ." . , 

,- , , ,  , . i:.,.:*.:-? .?li*,i.. s .,,, .LA 
. ,  , . . :, .l;..,,, 5.,. ,.Dep4h::tha4.equale. ,or :exceeds .J  feet and maintenance 

' 
will be the responsibility of the Citv of Huntsville - - . .  s . , .  . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  ; .I!,,' : ~ l , t l ~ . ~ , . , ' ~ , . t " > .  :, 

, . . ; :Guards: or .grates may b e  appropriate .for ?.other conditions, 
' but in 'all circumstances .heavy debris, ,must;,be transported 

through the detention area. 
dvisable to, fence .t 

, . ather than the 
etention area.., : ,,:, 

, . ., , . .-'* , ' , . . .< ., ..,.. 
ending. .should ti; cbn 
esign, depths, in exce 
he area.,is within a >fenced,. ,. . " .  , ,  

*!,$!$ !* 
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penalties L Injunctions ~ii-tes aid other 'remedies 
. ,  . . . . . . .  . . . . .  

5 .  constiuctio{ 1ds6e Engineer of ~ubiic works authority 
jll,.(( , , .  , , . a ,., 

6. As-Built Certification . , , ,  ~ Requires. ';as-built" drawings . . . . .  
, . ,  . , . . .  . . % ,  , .i. . - . . 

0 
Chapter 3 - Regulations 

. , , . , . . . . . .  '..'.,,. ., . . . . . . . . . . . . . . . . . . . . . . .  
~his:~chapter, contains. the follqi~ing regulatory information: 

? : . _ - - .  . _ ,  . . , .  ._ , I .  : > . . : . , , 2 . .  , 

Topic . . content 
. . . . .  . , 

. ,  . . ,  .,. .. . . . . .  . ,  , . .  
. . ,  . ., a .  . 

1. ~esigncriteria Summary 
. , . *  . .% 

. . . . , :, , .  , , , 
.,*# .,. .,:. , . . . . . . . . . . . .  

Return ~eriids specifies design . . .  storm to,  use 

I Manning's n Values Specifies n values 3 .. to ,:. use . ,. 

I 2. Submittal Requirements. . ,  . .  > . ,  , . 
# .*., . ..;... ...:... 

Hydro Calculations ,and documentation 
> ,.*.iJ:,b., .. , . .  , ~ , . .  . .  . ....... 
:, ..*.... . I : .  ,., required ,>*:,; k.. . . " .  

Requirements for open ditches /. , , .  . . 

Culverts & Storm Information required on plans 



, 

Toni* t 

. .  . . . .  .,. . .  .:: . .  ; :, ... ;. , I .  _?I 
..: 

Gutters .S Inlets Required intercept,, ;,spread, and 
spacing 

2.: ' I . ' .  , . .:.., . & .  .. , .  ,">. .... 
. , , . ." Storage.:. System :: ,:. ., . , , When and when not required . . 

Erosion..: and .sediment- ::> :: When. and..,when; ,hot". required; 
information required on plans 

...., . .. .. . .  , . ,  . 1 i.. ... .. . , . , , . ~. 
3 .  Flood Elevation., and ~, , . . ,  . 

Floodway ''Data . ' 

. 1 ,. , .,:.,.. ,. , '. . ,  ~. . . '. . , 

FEMn Floodway Maps Established FEMA flood elevation 
and floodway ., , limits 

. > . : . ,  ..,: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  -.- 

Unpublished, . Data. . , + , ,.Req~irements..~: for ;preparing .new 
flood information . ' 

I? . . . . . . . . .  L . . . . . . . .  .. . ,.. . . . . .  .. * . ,., : ,. . - . :* .,: 

, . 
+. ......:..... . .  , . .  ."..i .. ., .......... 
4. Flood' .... 'Piain Requirements' ..... ... .j !., 4. .,. \?..>'. . . 

. . . . . . .  . .Zoning,, Ordinance.,. . .  ~. 

....... .,.,'. ~ , . ' . , ;. ., : .  : , '  

Activities within .-. . . .  
Flood Plains 

. 

Subdivisions' : . . . .  :.:, 

5. Inadequate Facilities -. ... , , a  ~- :. .. ~7 . . . . . . . . .  -..: . 

Floodway, Floodway FrLnge 
regulations (see Appendix A) 

. , ,, , , , , , , . ,, . , 

Restricrions for flood hazard 
areas 

Development :.. requirements 
for flood plain areas 
identified 

. , ,  
, . , .. '. , / , ,  

Requirements before new 
develop'id'eri't., , ' . " '., : ., ,"" 



Topic Content . - 0 
6. Traf f ic -Safe  Drainage 

Cross-Drainage S t r u c t u r e s  Transversable design,  s t r u c t u r e  
b , , ~  ,..!..,;. !.. . ; :  ...> ..,,..:$ .,:- : !. ,,.,,: , ,"  ...~, , , . <  extensions;&, o r ,  shie' lding <equired 

j ,.,:, .Parallel.,Drain,a.ge.Features~, S t r u c t u r e  , . e l iminat ion ,  , ;,*:. - 
,:, ..,,; : , i z c  , i.:,:,i: . ,i..:.-+. , .,~,,'.:': $:!,:.:::s.:, , , . . t r ansve r sab le  design,  l a t e r a l  

r e loca t ion ,  o r  sh ie ld ing  requi red  

Drop I n l e t s  On-roadway and off-roadway . - , . 
s t r u c t u r e  requiremeilts ;": . .  

:,, 2 . ,  .,: , ( .  .7s. ,.,,.,,a<. , '. 

PART 2 - TECHNICAL INFORMATION 
. . . ;... . , . . .: . i ,... . . '  , . , , . ?,..r..r:p - " 1 ,  . 1.. p, L , .., ' . . , , a.. . . ,s 

' I . . , .  , , ; I  ..... : ,  h 

Chapter 4 - ' ~ ~ d r o l o g y '  

, . 
..tThis:,'chapter con ta ins  ' t he  :following t e c h n i c a l  information:-'i.,;i,*3i. . . . , , . ,  .$,. ,$.: !,>,.. ... ;-.. .'.,..-.".i: .. 

Topic Content 0 
1. Procedure Se lec t ion  Describes s i x  hydrologic procedures; . . .., : .; ,,L, < <  , '. ,' . gui&rine; ' 1 ~ .  'Table 4-1 

. , . , . ,, . . . .  
2.. ~ y e t o g r a p h s i .  . . . .  , , ~. . 

Development of .< ra in fa ' l l '  .increments 
. ...., ' . .  ( . ,  : .  * , ,I. , . "., . . 

: . . Design Storm-Data Intensi ty-durat ion-frequency curves 
. , . . . , ! .  . , .  . ., . .., , . .  . . , (Figure 4-1) . . .. . , . .' .. . 

,, , 
,.', ! 

t f . ~ ,. . .. 

SCS Type I1 Storm Presented i n  Figure 4-2 

: ~ a l a n c e q  Storm ' .;. . , . .. I l l u s t r a t e d  i n  ' f igure  4-3 : 
. .  , 

>,.~.,.,>. ~, :, . ,' , ) . . < .  . . '  

' " . '  . '  . , : ,  : , , ., 

3. R a i n f a l l  Excess Converts r a i n f a l l  t o  runoff 
q u a n t i t i e s  

, .. . : .  ' ""̂ .," , 4 ', ,., ; * , , , . , .. . 

~ u n o f  f. Coef f i c ~ e n t s , ~ , ,  . .., . . . t ~ r  ,, , . ,::d.s?. . . Use Tebles 4-3 dnd.1'4-4.' ' 

' 

. . 

Curve Numbers Use Tables 4-5 and 4-6 



p v Topic . . . . .  
. . 

Content 
. . . .  . . >, . . , , . ., .. :. , .. ~ . , 

4. Time of Concentration Specifies how,' to.~calculat& time .': 
of concentration 

.. . . . . . . . . . . .  . .  u, !  . . . . :  , , :.I L...? ,.. , 
Overland Flow Use Figure 4-4 

. . . .  . . . . . .  . . ... , : ' ,. , L . . , k.'r. . .. .,., :.. ,. . :  . :  ' ' 

. . Shallow ~hannel,!FlOw:,.:,.,: . Use Figure 4-5 or Manning's Equation *. l . . . .  i. . . . . . . .  ~. . . , ,  

- 
Main Channel Flow .Use..Manning's, Equatson , ,  ,,,.I. :1.:;.3i.::.1:; ...... ~,,. ." ................ 

5. Peak Runoff Rates . . .  
. ,,~Me.thods, t~~determine. peak-,runoff 3' ... 

Gaged Sites 
.. 

See Table 4-8 . . . .  . "  ......................... 

1 
i 

' Rational Method . . 
; .. . . . . . . . . . . . . . . .  .....:. .- Use five-step procedure., . . . .  

TVA Regression, ,Equations,,! 
1, .>! , . , ,: . ., , . -. ,,, : 

. . 
. . . .  . . . . . . .  .,;. . . . . . .  .' d ' .  : .* ". 

TVA Graphs 

f l  , ' . ,  : ;,. .. c ,  * . . . . . .  :a?%,i'.f.. .. '...&; 
L ~. ,., 

, ,  , ,.SCS .Graphi.cal,..Methqd: .,*. :! ,i- . . . .  . . . . . . . . . . . . .  8 . . .  
,, . , . . 

, . :  . . .  : .... . . . .  r,. 

. Other. ~echniques 
. . >, 

6. Flood Hydrographs 

Unit. Hydrograph the or^^.. ,,,,! ..,;~, _ . ,  : ! . >  ,,. . 
. . . -, - *,,. :, .. : # ;  

Unit Hydrograph Procedure 

;, ........ :*." , : < A '  > . U , , , L ?  ! . ' l I V . . ' . . ~ . \ .  k '  

Synthetic Unit ~ydrogra~hs 

. . . . . L . . . . . . . . . . . . . . . . . . .  . ,* .... .?3...'+.. ... ! .... 
....$ ::*:. s*.<; .. ..LS i..L 5 k*,,.., 

SCS TR-55' Tabular Method 

Use Tables .4-9 and 4-10 .:and 
Figures 4-6 through 4-10 

. . ........ , ...... 

Usq Table 4-11 and Figures 4-11 
.through 4-33 ! : .., .. A ! 

Ten limitations and six. steps 

Subject to approval 

Method for determining a flood 
hydrograph . . , ,. . . ,  ~ . ., , . ,. , . .-.. 

See Figure 4-35. '-.. . . . . . . .  . . . .  . , 

Five assumptions :i. ., . , : t : .  .!. 

Six steps . 
.; . ,, ? . . ' .i.: 

SCS curvilinear or ,triangular; see 
Figure 4-37 , ,& L , ~ .  ". 

Limitations only; obtain original 
publication.for.procedure details - 



. . 
Topic . ., . . . . . . . . . .  . . . . .  . . Content : 2 

. . .  . . .  . . . ., . ... 7. . ~ .  .... !.. Hydrologic Channel R~uting.~. . . . . .  ..,, 

. . 
Muskingum Method Eight steps 

. ., , . 
, . . ' " 

, . , 1 

SCS TR-55 Tabular Method Limitations only; obtain original 
. . .  

, L U & . . : ' , - ,  :,. ' , !., ,, biLp $! # > ~ ,  ,'* I. ,: .,," .:', k. .: ,. publication -for :.procedure details 

Chapter 5 - Open Channel Hydraulics - I  
. . 
. ,, , 

This,.,chapter contains.' the' following technical information: '' 

Topic Content 

, . 
1. Linings . , - ;::, .; : . , ,  

~ Four main classifications 

Vegetative , ' . - . : A , ' ,  .; ~cce~table~'~onditions ,identified 
. , ,  . . , ,. . . . : .~ " 

Flexible Use rock riprap or rubble 
- .  , , ; . , ,' . ,. . . . . . . . . .  : *.;. , 

;-...,ti, , t L 

Rigid a .;., ,:, .?,..>...:. Use concrete or grouted riprap 

. . .  . . ,. ~. Temporary; :. . :. > , .  , . .  , , , $ ,  , .  . , ' ~rotection'required'"itnti1 permanent 

measures are established 
. . .  , . ,  ... . : .  ! '., .:: .:: .', ..(; ', 

2. ~esign Criteria Open channel designvalues 
, . , , ~ . .  , 

2 , . ,  . . .  .' .>, I " i ,  / . .  .i : \ ,i . . 
Return Period , ,  ' . ' Use 25-year storm 

. Velocity Limitations :- . . .  Use ~abl'es.5-l.:and 5-2:":' 

Manning's n Values..~..: r .  . - Use Tabre-9 5-3, '> Figure :'5-1," and 
Equation 5-1 

. . .  . , . , , : ,, . , . ., . ,  . 

Side Slopes Maximum values are specified 
. . , .  . . : 

# .  . .  ~. ~ .. .. ,. . . ..:. . ,:.:: !::, . ., . . ,>,. 
. . 

Riprap Lining . . ,.., . .! Guidelines for gradation, thickness, 
and filter material 

. . . .. . . . .  < '  . > .  ,: I  .'L.':' , , ,., 
. . l  .i,: . L . ' .  a .  

3 . 3  ;,;Uniform :rlokrr~al&iations Several forms of Manning's Equation 

Geometric Relationships Use Figure 5-2 



Topic Content 
. . . .  ..... ......:. ... . , . , , , . . . . .  .. : . . . : . . . . . . . . .  . ...% . . . . . . . . . . . . . . .  ..* 

D i r e c t  s o i u t i o n s  
. . . . .  <.... .., :...: ........ : ,:,:<: , . , .. .# +: Tables, cha r t s ,  and,nomographs . . 

2 '. 
T r i a l  and ~r ro ; 'So lu t ions  Equations and f igures  

" . . .  . ,, . . . ~ ....... ,i: 

c r i t i c a i  ' ~ l o w ' ~ a l c u l a t i ~ n s  Equations and guidel ines  

: ^ I !  ', , .  . " $ .,:,.. ;.,- 
v e g e t a t i v e  'Deiajn ' ' . Use two p a r t s :  design s t a b i l i t y  

and design c a p a c i t y  , , 

- 
, . . . . . . . . . . . . . . . .  . . . . .  . . . . . .  . . , 

~ i p r a p  design "' Equations and f i g u r e s  

. . . .  ., . . ' 7 .  . 1. , . . .  . ~ r a d u a l ' l y  ~ i r ' i e d  Plow -. ' ' . General guidance 
I 

, . .... . , ., :, 
5. , Rapidly Varied Plow : Conditions a r e  i d e n t i f i e d  

.. , . .> 3 . ' .  . . . .  . . . . . .  . . .  , . Hydrauric ~ u r r , ~ '  < '  Rectangular channel procedure 
, : ,, ., , ' ,' 

 ridges I . . . . . . . .  ......... . . . . . .  . . . .  General guidance 
, > j  : .___v 

i,..~.:.., i i ;, r % . i',. 
: (7 Chapter 6 - ~ u l v e k t  Hydraulics 

L 
- ..i .. .  r .  .LI .: : ..,- , '8 ,.! .. . . kb.$.$ ,.., >*>. 

,... , This chapter  conta ins  t h e  following--technical . information: l-"'L"'-''''.''-" 

Topic content  
. . , . . ~ .  . . . . . .  . . . . . . .  

. I , ' ,  , . . . .  . , .. ! . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  - - 
1. Fundamentals 

, . . ,  ,,, ! (  . , . . 
I n l e t  Control  

. ,.,. , . I ; ,  . . ,  ..: ..,. . ~ , .  . . . . .  . . . . .  . a;., Four v a r i a b l e s  i d e n t i f i e d ,  . , .. ~ , ,. , ,, . ..; . . . 

?Li ... i.! 
I n l e t  Control  Four va r i ab les  i d e n t i f i e d  

> (  , ,  , , , .  
O u t l e t  ~ o n < r o l  S i x  v a r i a b l e s  i d e n t i f i e d  " 

. . .  .<:  . . . . . . . .  .!>,$, ; <.:: .- c u l v e r t  :5ei&tion ' T r i a l  and e r r o r  process 

. . 
: . -., ; , , >.k;,?.;- ............ . . ,.,*,:,&&.:"'; ;,., , 

2. Design' Crfter i 'a  S p e c i f i e s  :design r e s t r i c t i o n s  and 
l i m i t a t i o n s  on c u l v e r t s ,  . . . ;  . . . . :  . .  ,> . . .  :. . ... 5 '> ............... rl . . . . . .  

Discharge , 
. , ;.i\ , . . . . . . . . . . . . .  ..... . S p e c i f i e s  r e t u r n  per iods  f o r  f i v e  
, . . . . . . . .  " . : I.''. ca tegor ies  



, . ;,.. . . . .  ',, .' ........ .:'. 

. . .  : ......... 1 . . . .  

Tailwater . . .  
:,'.,st L :, ;. .: .  .... L . , .  < . r . -  .. 

Length & Slope 
, , . < .  :;,: :.. . 1-i.;. 

. . . , 

Velocity ~ i m i t a t i o n s "  "' . ' 

. . ~ .. . . . .  . . .  

, . 

Headwater ' restri=tii,& 'and 
l imi ta t ions  . . 

(, . . . . . . . . .  . .  ......a ., . . i ! j  - .- 
Four typical  conditions 

I .  , ' 

Three f a c t o r s . t o  :consider 
,, ,, .;, , : ." -.., '.', ' 

Minimum of 2 . 5  feet/second; for 
maximum, see Chapter 5 

3. Design Calculations 
, , .  . , ,  

Procedures for  ,designof  culver ts  
. , , ., , . . . .  , . ,  . .  , . ,  . 

General Procedure , \ . :  , . See Figure 6-1 
. . . .  . . . . . . .  . . 

. . . .  I n l e t  Control . . . . . . . . . . . .  , . .  . . ,  . . . , 
Culvert c a p a c i t ~ ~ ;  , ,,.. three I . .  types of 

. . i i  

calculat ions  

- .  ., _ '  . . . . ,  ' I ,  

Outlet  control '  " .  Three des igns t eps  t o  obtain 
cu lver t  capaci ty ,  . . . . .  . . 

,. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . .  ' . . : - '.. -~ . . 

Chapter 7 - Gutter and I n l e t  Hydraulics . . . . .  . . . . . . . . . .  . .  . , . , .  A . . .  . . . . . . . . . . . . . .  ! : , . ,  

This chapter contains the following technical  information: 

. . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . .  To ic . . . . . . . .  . . .  .Content. 

. . , ,., . ,  , ,~ . ,  , 
1. Design Cr i t e r i a  

> , , . ~ ,  . . . . . . .  ....  atu urn Period Specif ies  design storm for  pavement 
drainage . .  , . ,. , . , . . . . . . . .  , .., . . , /  . ,  . . , . . . ~, , .  

Spread 
., . , , , ( _ I  . . , . . . . . . . . . .  :.>, .... 

10-foot maximum . , , 

I n l e t  ,Spacing, 
,, . . . . . . . . . . .  ... , ,l. 

Based on,80 percent . intercept  
. . .  : . , < :  

, . Longitudina Range 0.5 t o  12 percent,.  . ,,i . . .  , 3 ' .  ,. .:: .A:? . . 
, .  . 

... . , . "  . 
Cross S lope  Maximum 2 percent desirable 

. . .  , . . ,  
L ..co~inatidi...se~tionf ,A:';;.$' , , . . .  . , ., ., Width of 2 o r  2.5 ' f e e t '  

,, , 7 , . ' , $ , 3  ,! ,,, 



C u Topic Content . . -- .,. ,,. . . . . . . . . . . . . . . . . . . .  

Roadside' Ditches ................. ... .. , 
,~ . , . ,. . a Department, o'f PubLic..Works 

approval required 

. ,  * , ....... :. . ,> '#  ,, - . . 

 ridge ~.ecks ' . ,, . Intercept flow before bridge 

2. Gutter . . Flow , , , . . .Calculations,, . . , ,.. Equation..usedl to calculate 
- , , . .  . . . . . .  

, . , . , , . - .  gutter, flow 

.,,.. , . Uniform. . . Cross . Slopes..,,,, ..,.,,.; 
,;.. , .  . .: ' ~ ,, s.. 1 3 . , : ,  . . . . . . . .  , . -  . . . .  

Standard sections 

. . . .  >.:., . . . . . .  . . .  
Compoiite Sections 

. . . . . . . . . . . . . . .  - .  . . . . .  
3. Curb-Opening Inlets 

~eneral--continuous 
Grade . , ,:; . .", .. ,, . . . . .  : , I" . ,.I, - .. 5.: .. , . .  

Use Figure 7-1 ..... J , t ..;. 

Use  able 7-2 
" . . . . . .  

Use Figures 7-1 and 7-2 
. .  , . . 'r' ., . . ' , ..:, :>,( %'.,. 

Procedures to determine capacity 
. . . . . . .  , .  , , . . ,, ,, ., . . , I' 

U s e  Table 7-3 
. ,. . . - . .  , ' . . .  ." -. .. i. , . . . ,  ., , 

Use Figures 7-3 and 7-4' 
. . . : ............... . . ~~ .L,, ... ?.by. 

:;I, . ,  ..:... S w p  . ,Conditions . . , , ? Use Figures 7-5.,..and 7-6. ;. ,.; 
4 . . j . . ' . .  ." ,., .,!., . . . . . . . .  . -. . 

4. Grate Inlets Procedures to determine capacity 

. : , , .  . , . " : ' :  . ',. 
. , . . . 

5. Combination Inlets Procedures to determine capacity 
~, , . , . L".  .'< , :. . , ,*  ', ,. . 

continuous Capacity based on grate inlet 
, ,  < r j  . , I . / . . ,  , .  . , , . .  . . .  , _ .  . . . . . . .  I . . .  ... . . . . .  .r: . . .  

Capacity based on curb opening 
, . . . . . . . . . . . .  . . . .  . . . . . . .  . : i i r . .  . .  . . : . . : I  . .* , , ; ,~. , . . ! . . .  , .. , , . . .  

Chapter 8 - storm Sewer Hydraulics 
. ,  . ,  ......... .. ,>< ,., . . . . . . . .  

This, chapter-.contaik the. follo&~g technical? infbrmation: 

..: ~.,*?.,>,- 
. . . , . . , .,, . . ...... , ,  . 

~ e t u r n  periods' Specifies design storm to use 



. . .  Topic ., . Content- 
. . 0 

Manning's. .n.- Values . . ,,  .. Specifies n va1ues;'to use 
. ,  . , , . , , . . , '  .!.i 

Slope & Hydraulic Gradient Velocity range 2.5 t0.20 . . .  . , ,  . ,, . . . . . . . .  . . .  .,, . ; ,  . .*.> . . . . . . . . .  t .  ... d*... . . feetIsecond ' ' . ' " " .  , . 

, .  . 
Pipe.:;Size -&: Length . .:~....~..; .. Minimum pipe ;size and inlet 

:a;<.v,. ,; .. ..: L. spacing requirements 

Clearances Minimum. clearance ' criteria for 
utilities and roads 

.. : .  . . . . . .  
, , ,  . . . . .  

Inlets ' Bypass of 20 percent allowed 
. . .  . . .  , . " . . '  .' ,:. . . . .  ,. ., : '.. 

2. General Procedure Iteration by four steps 
. . . . . . . . . .  . . . . ,  . ,. , . .,, 

' ;.I ', ..I> ' .  ' . , .. 
i. 
. 3. Hydrologic Calculations Consistent with Chapter 4 

, . .  . . . * . ,  ... 

4. Hydraulic Calculations 
. '  . . , .  : ' ,, , ,' ..-. - I : , s  . - d r  ... i . i i  . t r .  . . -,, . :,, ., 

Pressure vs. Open Channel Guidance in Figure ~ - 3 ' ~ .  

, .\:,,. Energy Losses. ..... :.. , ... Friction, pipe fofm;~"and'~ junction ' 
losses to be considered 

. . .,. , , .. ~ :. , , ... .. , - . . . . . . .  . .  -u. .  . .  .ti .. . . . . . .  

Open Channel Use Manning's Equation 
. , . . ~  .. . . . .  , ? , ~  . . . . . . . . .  , . . .~ 

.,. . . . . . .~ . . , , . ,  

Pressure ,Use Energy Equation 
. . . .  . . . .  . . 

i ,  ' : . + .  , , ,. . , . , 1 " . ,I . , I  

Chapter 9 - Storage system Hydraulics 
. , . . . . . . . . . .  ... .. ,. . ,  , ~, ,. ,: >.,<., !.......+.. ..*.. : , , 

This chapter contains the following. technical information:. .. , , . '  , . . . 
. . . . . . . . . . . .  L , .  . . .  : ~ ,  . .  , , ,  . . . . . . . . . . . . .  . . . . . . . . .  

Topic Content 
. . . . . . . .  ,. , . , . , .. ........ . . . . .  . . 

, , . , , , '  . . . . . . . .  . , ' 3  , I . . . ,  
, ?,.. 

1. Terminology Retention/detention definitions 
. . . . . .  . . . . . . . . . . . . .  , . , ,  L . . . . . . . . . . . . . . . . .  . , , , *. . , . . . . . . . .  ............. 
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PART 1 - POLICY, PERMITTING, AND REGULATIONS 
Part I of the Huntsville Stormwater Management Manual will 
be of,,$nterest to developers, builders, realtors, 

:& :1, ls2i*;i&s 
!,,, , .", .. , architects, and engineers who need to be 

,familia.r with the, re,g"ula,tions associated with land 
WIV ,- a-. .?, . ,, '"' . : . . ,... .b.kV> .%"\.. <..? , ,,&?t.~ :. ., ,, ,?,:,:.. :$ 

;Z+i,d'eGelbpment ~r~altekatlohs to existing facilities. The 
, , z ,  

.. . .  . . . follow.ing.,chapters . .are included in Part 1 : 
. - . .  . . -- : . .<, ;* ,: ? 4. . . . -.. . .. -., 
1. Introduction 
2. Policy and Permitting 
3. Regulations for Facility Design and Flood Plains 
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tion for local agencies; engzneers, developers, or'others ' 
whose activities 'concern stormwater maliagement in -the City* 
of Huntsville. ~h~ manual has :d&&&:-Ij=&$&ei ;to L.a67c&6n3: she 
following items: 

1. Uniform stormwater 'design criteria and procedures 

..: ,. ,,. . 4 . . . . .  . :7.i . . . . . .  . Z . .  . .  .Re 
!df br ..gra'd$,.,g 'grid bui~lding perinits,: .> . . .  

...... ......... . . . .  . - . . . . . . . .  , . . . . . . . . .  
,T? r , ~  . . : : . .  ,, . , 1 - . : , ,  ..!;*..,;. ; .;.,. '.. :~ " :. .:;*.! r .  . 1 : 

....... .< .6.. ... +'...3 q..:. ':~,.R&,l~tions poficie& : o= land,:.di.&turban== :. .; :JcL ... 3 : ........... t i " i e : ;  . . . . . . . . . . . . . .  , : . I , .  , : ,  . . .  ..>.':; .,, ;ei, < :.,,;, ~,.. ,~ . , .  . " .  . . . : . S ! .  .. . . . . .  , .... , .A. .:. . I : . i  . :..i,i. , 3  . . . . . . .  :6,,.:. &:,: ;, .,'I . :. . LC.*,,!*, ,:,." , , .... 
. . 

, , . ,.&.!is . ' :  . I;ich;&c;y,'y;fi,rmati&n td Assfsd ~:ijitfi:.,.tx. !desigii+df 
stormwater drainage systems 

f\ 
L! 5. Published data applicable to the City of 

Huntsville 

This manual should be used to guide persons involved in the 
activities mentioned above through the required procedures 
to obtain approval from the Engineer of Public Works for 
grading, building, and construction permits, and subdivision 
development. Zoning and Building Code requirements are the 
responsibility of the Citq 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 requirements of this manual with en- 
forcement of Zoning and Building Code requirements shall be 
resolved by appropriate methods and procedures within the 
City of ~untsville. 

1.2 SOURCE OF PROCEDURES 

Procedures identified in this manual are generally found in 

C 
readily available government publications. Information from 
these publ!ications has been duplicated as required to sup- 
plement contents of the manual. Complete details and addi- 
tional information on the procedures can be obtained from 

gnR370/002-0314 1-1 



tional information on the procedures . . , , !, . can be obtained from .... 
. . .  the original references..~ 

, . ' . ,.: !, 

0 . .  

1.3 LIMITATIONS 
. . , . , , : .  . . _ < .  . , ' , ' , . 

This manual neither repiaces the need for engineering' judge- 
ment ,nortlprecludes , . , . ,. , , the ,,:. u,s:e, :,,of information ,not ,.presented.- %. . . . . .  ,.,E,,+., 

 he . .  .'emphas~is,,.~~,~,on. . . . ,  , , . , ,  . , ,  desktop . , procedures' j . . . . . . . . . . . . . . .  that , . _ .  .can.:be . . , ,* perf . orjhed & . . .  . . . . .  
. .  manually,. .., .To . . . . . . .  ,ensure ,,., that , ,  pro,cedures . . .  . . . . . . . . . . . . .  .are .,p,rope~ly ;.applied ......... .. ...,, r . j .  ; ., .%:.: 

and :adap'.t&d, 'the .: , ,  . . . . . . . . . . . . .  ,$nginee; ; must. . . .  ponsider . actual ..s~te,.condit- . . :  ' 5  , . .  s r  .r ......:.......:.. . i  t r  - .. . .... ions . - .  .,a%project . ,  ~. . . . . . . . . . . . . . . . . . .  requirements. .. . . .  , . , , . *., . ;, . ...:? ,,> ..;%: :-,?. . . . . . .  . ,., " * ,  , ,. *. 
. . .  ..:.,,_, , . . ., 'i..:) . '.: . . . . .  r .: . .  , 

The Huntsville SMM will be updated and revised,, as necess- 
ary, to reflect up-to-date engineering practices and infor- 
mation applicable- to ~unts~ilie.,  he . . .  status , /  (.and. i_ __ ,  ,details of 

..., . ,. any update's or revisions can be obtained"from";the Department 
of :Public Works. Questions and any sugg=sti6ik for changes 

1 should .also . . . .  --be addressed to the Department,..of i.public, Works. 
,:. * . , .  - ' , .  I >'. i . . . .  .l .i . > 
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Chapter 2 
POLICY AND PERMITTING 

, , . . . . . . . . . . .  ' .  , ,  . , , . > . ~  , . , .  , , ' . '  .~ . c . . . . .  , . .  '2.1 .. OBJECTIVES 
. . . . . .  

, , . . .  . . . . . .  ' * j : . :  

~ h e ~ . ~ l t ~ - . - ' o f  .: ~untsville l s  storiwate'r ogram has . . .. l$wing.,;dbjectives : ,;:"I,k?':,:>. . . . .  '.i.7',..1-'.!.? , 

. . . . , , , . . , , ,  . .  . . .  . . . . . .  . .  . . .+?. :, . ,:j.( " . '  ,.-,: .*..'. .> i.' ;. ..:!:*.; ::.?i':<? .c;(:, 

Protect human life .a"*d'~hea~~h.::!..'''~'";':,"'""!:' 

. . . .  . .  ,,".. 3 - . .: .. , 3 . . . , 'ed f o r  res'cue f efforts 
. . . . . , d .  . . .  . . .  .: !. ::,: .... ass th flooding.. 

, y : . .  , . . . , . . ; /  : 
, , ,. . , . 1 

4. Provide f o r t h e  sound use anddevelopment of 
flood-prone areas so as to maximize beneficial use 
without increas:ing'-f Xood hazard' potential. ' - 

educe'~'damage~~to. ,. public ,f a c f  Ttles. ,andi,ukilities: 
.such as'::water:,and ' Sewer -.pin ctric: >:t&'Xe''. - ", 
hone ,;and .gas ' f acili.ties ; and ets' andd-bridges. 
ocated ifi ! f uod:$~lains .; ,,,.".:: :-,: ,' ;f;',';?> ..,<~' , t *  ,,::.. 

,. . . . .  ',. . : a  . ...... , ;.<.. . ..:.. . , ,> . - i. ... QJr, 

c ... ....... 
6. Ensure a functional stormwater drainage .- system 

that will not result in ejl'd=&~s"ive:'$&i'$2&n&n&e' 

. . .  costs. 
,. ,.. , ,  , .  . ,  : ,  , . ., . . 

~, ,. ~. , . .  .+ ,,; , \ . . , ' T t  .., ..'?< ;.z,~ :, ,;, .i ., . ,:. , :.?: ., 
I '  

~ncourage. the 'bse :of' natur 
, , .  ' - ,  .. , , leasing 'design , . . 

, . .  , .  , .."' , , , ,  . , ' .~. . ,. Encourage .the :improvement .'.of ., 
,,".. .: !..,$!. 7 .*?,',~ 

! - . .  : .pr&las,.'ifi ,don junction witk.. new aevefopment l;!::. ',, 

,.. ,. . . . .  
9. Reduce the impact on public and private property 

3.: ,: .. , ., - . . .  1 . caused by;.-the a'ccumul.ationA of *mud,"t.dirt, water, 
debris, and other constiuction'materia1s. 

2 ." 1.1 STANDARDS 

To implement the objectives presented abov 
I :~ - st.+hdards: shall apply :.' . .: ., . . . . . . . . . .  

, . . . . . .  , ,  * . . . .  ;., - C ,  . . .  . . .  , , ?  . . ,  d ,  & 
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. . . . 

. . . .  

1. The calculated peak rate of stormwater runoff 
resulting froma ten-year return period, twenty- 
four ( 2 4 )  hour'duration, type I1 storm 

0 
. distribution. (as defined by: . . . . . . . .  the ..soil ,Conseryati~n. .. - 1  :4:.!>.. .;:? . :, 

Sekice, " U. S . ~e~arhent of ,~griculture . . . . . . . . . . . . . . . . . .  j .;,shall be: 
no greater after development of a site than before 
development. of .,:a site. . .  >.. ......... *!.,:j.;,~: . . ,,. .. , 

. . ! , . . , .  . . . . . . . . . . . . . . .  - 2 . .  No.. ,, . i . r . .  construction, .;,: -yhether,.by. priya.te. ....... .-- or .... ,public 
action, shall'be perfb*e~~in:~kudh..a,manner I_ =., is to 
materially increase the 'degree of' flooding in its 

. . yicinity,or inother.. a r a s  whether by flow . . .  ..? , , .  , 

restrictions , increased runoff . ,  . . , b?.,d'&inishing 
channel or overbank storage capacity. 

A. . . . . . . .  grading- permit issued: .by,.:the Engineer yof:..,Public. .,Works or 
,,< approvaii by :::the : ~ngineen.of ~ ~ublic..,. W,orks of, a building 
,' pe-it-,will :ibe required before any. land disturbance . . . .  activity 
can begin, unless the disturbance:, . ,  . , ,  i s  . ,  .exempted . . . . . .  by the 

. provisions in Section 2 .3 .  

, , .  . . > . . , *  

Building permits are issued by the City of ~untsville In- 
spect,ion ,Department. ,All ,improyemen,ts, repairs, or con- 
s~uction'with respect to structures :.,within the' City of 
Huntsville that require a pennit from the '~nspection Depart- 

' ,  ment ,,s,hall. be ,appro~ed. by: the. Engineer of: Public Works, 
~ i i l e ~ ~ '  , the-.,strGc,tur.e . ,., .. , ialls knto. . , . ,one the'foilowing . . . . . . . . . . . . .  catego- 
ries : 

. . ..  , . . . . . ,  , , : - . ,  . , ,  
. , ,  ~ , ., . ~ . . .  . . . . . . . . .  ,;, . , '  . , 
, .., + 1. .~esidehtial dwellings on single , lots.;;within . . an 

approve'd . , .subdivision; . , , . . . . . . . . . .  .> ,. . ., 

2 .  Remodeling within the walls of ::an,,::ex.isting . . . . . . . .  :... . .'?,. 

structure 
. . , .~ . ,. . . , . . .  , . .  . . .  . . . . . . . .  . . . . . .  . . .  . . 1 .;:, ,:; , , a i  . , 

The information and dgta thdt 'shall b e  ,~urmished;to~:the: 
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 
A 
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'C 
Works, before: the commencement :of. any land. aisturbance. 
activity;; .including .:grading., excavaGing-, ..clearing ,,: or: 
filling. a within the:City,. of Huntsvikle . unl'ess..;exempted bg-. 
the. pro$isions-.. of .Section 2 .:3" i Exemption~~sha'l~l-.'not :,be, 
construed, as: ;relieving , the ,respons.ible;r..paity: f rom~'okhe2. 
requirements within these, regulations. and~rrr~!f.L'ood~~~pT&i-nR., 
requirements (see Chapter 3, Section 3.4). '; Approval of or 
exemption from grading permit requirement;s,;:sh.a~li:~i~not ..'be. 
construed as relieving the responsibleparta from the 
requirements.. of ,.any .othe eral; I ii'state.:"br.:x6cap; 
laws. - ....*;.. . . .. . .-:. L,.,:~: :flh.(,:! ?I.L.:: A,i:; 

2 .:2,. 3 r ALTERATIONS ;TQ - EXISTING 'DRAINAGE,..: L: , ' !.: > , '' 

, . . . ". . , .  , ,  "';,..':..'.:~ .:.: , .. ;. ', . , ;  : ..; :' ,.,,:. 
, . ,~ . . .  ,. . ,, "..,.,;?~-.:*.:, 

A letter of approval f=om the EngZneer of Public Works shall. 
be -required .for 2 any ;:alterations to- .exist.in.g~.'draFnage 
facil it ies: . ,maintainedl or.: proposed-:lf or! matntenaice by the 
City ,of. :;Huntsville . involving.. the::removal or. .iast'a'llation of 
underground pipe, including culverts;' !and:-'construction or 
alteration of drainage ditches. No letter of approval will 
be,. required :.f or .alterations to! private drainage. systems. with 
tributary areas.:Less ;than. r.5000, square feet:;: however, 
alteratiois to thosetprivate drainage~..systemsi:.with-',,tributary 

t- areas .tequal, .to..:or;:greater; than.; 5000:: square: *feet.rz;shali ' meet 
+ the ... requirements.(:-of this .manual. k:..: The excepti&>regarding 

alterations to private drainage systems:t:with":tribiitary areas 
less than 5000 squke feet does not imply that the work has 
the approval of' the Citx. of ,Huntsyille, ,..:and.-does:-nat' :relieve . ' 

the , responsible'. .par,ty. 'from the.7, require 
applicable federal, state, or local laws. . .. . . ,  - .  .", , .  ,. . 

. . .. . .  . ' .. ' ,  .. . . _ ~ ,  ,, !;,. ., ,.. 
2.3 GRADING. :PERMIT: EXEMPTIONS: : : 

No grading permit is. required : for %.the ~constru.c,tion, 
improvement, or repair of any structure within a development 
for. which an-, approved gradin-; drainage, :and: < ,  . . . . . . !; r.  

erosion control plan exists. However, any alteration to.:the: 
original grading, drainage, or erosion control plan shall 
require approval by the : ,Engineer.,, of ::Pubkic.: ,Works..: , .. 

Any person. who disturbs the natural ground cover tin an:area 
for which there , i,s an approved ,,. grading,!~ drainage ,. and ero- 
sion control. :plan shallcomply ,with the requirements, of such 

,: , , . p1an:without exception. : . ,  , ., ~. .. . .  . . ' , . , .  

, , . . , .  ' , . , . . : , ' ,  
, , ,..- ,,. ~ . , , .  ~ . .  

, , ~... , '  i;: : , .  . .  .,,*,.>.: , 

specific . activities which. may be,, conducted without. 'obtaining 
/7 
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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 fromcmaking onsite draina'ge 

0 
improvements. that. may be required o r  from'. complf anc& i with 
flood : plain requirements of Ordinance: No. 87-26 
which:;are ..summarized in Chapter .3. . .  

. . .  = <?., ::,:: i 
, . 

. . . . . . . . . .  , , .  . . . . . . .  ' 2  . / 
i . 3 . 1  ::: EXCAVATION O R  FILL . .  , . , , , +  

, . .  . . .  
. ,  , :,:, ....... ' i  , ,  . . . .  ' j . ;  . t..,: , - ,  :...;,;,. 

No!..-grading..,permit. !is . required for.. -an -exca 
satisfies all of the following criteria: 

1. Is less than. 4 :  feet .in.:,verticaL..depth :at .its . 
deepest point as measured from the naturai' ground. 
. . . .  . ,  . . . . . . .  , . , .  .. .. . . .  , . .  . , 4  ' # : >' - ,. . , ? V  :... .;:.< . . .  

. r  

. 1 . .  .2. will:. not: result in a total. .quantity iof ,more,, ,than,. 
: .2OO .. cubic pards ::of material:. being.! removed : f ram.,:. 

, . 
. ,  , . , ..deposited on, .or, disturbed on any lot, ,parcel, ;.or ' 

.subdivision thereof. ' .  ; . . , . , 
. . .  , . 

. . .  ~ . , . ,  
1 .  , . , ,* :.: , , , . .  . . 

. .  , ,  . ,  . !'., 

; . , , 3  ill', not .impair 'existing surf a~e.:,drainage.~ iconsti-i 
. . .  : tute a potential erosion hazard,:or act, .-as:.ia.. 

. , ... . . .  . . source of -sedimentation ,:to :anylad jacentl<.2and,..or:. 
~.~ , , ,.. , ,......watercourse. . This condition- requires.:;.that .vegeta- 

. , , , tivecover be -'re-established immediat 
. . . .  . . . . . . .  ' disturbed: areas : .. , . , , . , , "  % . ,  , ., . ,' , . . ".:: z ,>. .: 

0 
I , . , 
I ", , :. , , . . ,i ,; . . !  ','.'* :.:;'., 

i 
I 

., 4.:. Will;.have no fill.'.placed.:: on a, surface,.having. a,:, 
I , ,  . , , . . ;slope -steeper than '5 feet horizontal !to .l,'foot 

.. . . 
vertical. , .  . . .  . .  , d l ,  ., . . . . . . . .  

5. Will have no final slopes cut steeper than 3 feet 
! horizontal~'.to .1 foot vertical. 

6.. ; ,: Wi.l.1. not :contain hazardous substances ; i 
~. * 

, . . ';, : 
. . 

, ,  . ,  , . .  , ,  , . . . . . . . . .  ; 

In 'addition, the .,following activities ..do .,not ,require.: a 
grading permit.:; . . i :  . # . .  ' , .  . t . . ~ .  

. . . .  . . 
1 i ,.: . ', . . . .  ' . ,  , . ' i .  < ' . : ,  , 

1. Burial within approved human or animal: cemeteries ..' 

: 2 .  Construct.ion..of 'accessory.structure.s related to.: L,. ,.., . 
.. L 5  , singile-family residences.!: .or..duplex~structures~~ . ..:..:. .. tk ... . I. authorized -bs. a: ..,building permit.p pravided:Fthe 

disturbed material or fill is' ,handled in .such.!, a l"; I 
manner as to conform to the approved erosion 

. ,,2i ! ;,. . . . .  control plan Eor the area or).', where no;.such. : ero-: 
/.* 
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. ,., . . . sion control plan, is in effect,, . that .:such-..work .:,is 
' . , , , performed in .confomance. with', the.:basic principles -. , . . . ., ,, .. ,. 

. . . . of erosion and sedimentation control: as <-contained: 

, .  ' I . ,  , '  . , , ., . , , , ,~ .. ... ., . , . . ,.-.. . ! . . .I 3. '.# .;:::::;!:...; . ;:,::* ..;,"<:.,tl:. ,TLV 
'No grading,, is , required for :agricultural rLand,,..managie- 
ment: :practices .approved , 6%. theh. . S . ~ p.Department,,~of:~Agricu:l,T: , . .  

turd ' (USDA) , ~o'il. consem&tion . , ~ , ,  service (SCS)', , a~~.,.long,.~ps,t;he, 
'conditions: of ,: Section 2 .3..'1 , :are .. ,.satis'fied,,and,;,exis.t.ing~,&~a,in,-: . , , . . . . . 
,age 'is not 'rerouted'.. .;.~y;pical.,:,acce~ted, agricultural, practices, 
include .plowing, cultivation, nursery operations su.c$,as,;~the~ 
removal of or transplanting of culti*ated sod and trees, . and 
tree cuttings at"orabove existing ground level that leave 

. ,  , 
, . ." , ,, , ,, .. . . , .  , i'. :. . . . . 

. . . , ,  , ,, 
.,. , , : .  ,. '. , ' < " '  .. .,%. . : !  :.J , : . 5 , > . , .  , ,~ .,.. . ,  

,.&# 1,' :> 

~o;.grading -.pdrmit ..is required for grading,': as. :a maintenance,' 
,.. . . 
measure ,.!.:or :for: .landscaping ,on developed :l~ts-.:or:~.~arcel~s. 
with existing . .  , .  struc~tures,.,~ provided:., " , . , .  all ,:.of ,., the .followfng, 
=riteria .are met: ' ., ,. . ,-kt? 

1. The aggregate area affected ,or-;~tripped~~,ati,:~any;:,one.. , . .. " -"." 

time does not exceed 10,000 square feet and. is not 

. .  . , .,.. wi,thin a natural: ,drainageway . , ., . . . ,  .(e .g... ..i designated;. ,* . 
, f l'ood~!plain) ,. :. . .. ..,. ,. . , ,  

.,. , . 
,,. . , ..:. rrt,<t. ;.\.. ::.,i.> L.,,: ,,:. .<:<,,.?<., X,..>,>,! . . 

' , . ,. . . 
, , ,,,:, .. , , , -  . , , .,,. , . , , . , i?i,.. .> .:' .. 

.. . 2,. , , The grade change ..does. .not ,exceed .18tiinches,;at,4any, . , ,  . . .. 
. . : . .  .. point . and' . does noti:alter \the d 

, , ,  drainage flow path. :,': . A . . . .... .. , . , . * $ ;  , ,, . . .. 
. , > , , . ,  2 .  . .  , . , . . .  ,, .f,,<,. 2 ,  ". F', , . .". ,. .... ,,,' . ., , , . .  . . , ,  2, 

3. Proper vegetative cover is re-established ' as ''soon - I - 
as possible on all disturbed .areas. t , . .  ., .,;: :; ,,; . : ,, . . ..,~'. . , , .... , , ,.. , .',..,.,' -. .,..,*. ., ., 

,'..~, , , 4  . . The ... gradin.g does ,. not involve. al-;quan.tit,y,,,of ;... .. .. ., . .  . , .  " .  
material in excess of 200 'cubic , ,  r::,~,: ., r : ,.: .v,i.,,$ 

2.. 3.4 . PUBLIC UTILITIES. : . . . .  . ,. . . . . . . . ,  t ; , . , . , 7 :  , *i 
. .! ,. . ,., ?, _ .>,! . ,, ., 

I i '.' , , .*I. , , . - 2 ,  ' . ,  , ,  ,,,# ,:" , :;*. ;>I..- 

 NO^. grgding. permit, is,: required .for., in~tallation:~~ of lateral - - 
f;e&?r,.:lines, .telephone. lines, ,. eleckrical.; lines ,. .gas lines, 
or, other,] ,, ~ublic , service facilities,. . , ~lthough .exempt, public 
ag~tici~s..sin~tilling.such . , .  .lines or,..)other~:~public service 

. . 
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facilities ..shall comply. with the applicable standards con- 
tained. in: .this 'manual..?. Public agencies Ghall'. 'siibmit docu- 
ments. ,to.. the Engineer ,bf. Public .Works for -,consistency re- 

@. 
views .and.,to allow coordination: with other .activities. 

2.3.5 DEPARTMENT PUBLIC 

No grading permit is requir 
De'pa'rtmehe>.bf , i. public Work 
na'n',+e y (> .. ' , .  . . .... . ...-, . . .,,!, ,, , ., ri&ht-df""ay: pro jectc , :  an3 .:'s't.bfm;,!sew&r,.:.or; -street. 

. , 

.~6!~-strdc:tion .;, The City '~:of,~Hun'~s-+:~~~,~ ~ f i ' a , l , l , : . < d ~ ~ , g ~ r i ; ~ ;  
'c6nstruct;.'and:..,maintain all-'appropriate public"wdrks .prdfects 
in~~accordan'ce'wit~ the applicabl 

. . ,. . . , thj" , manuail. . 2, L .  . , . . . . , , . ,  . . ' ..,,.. . .  . ' , : :  1 . 8 ,  . . .  . .: , .  . ., 
. . . , ,.: , . , .. , , . .  . .. , ~ . . ,  ,, .. , 

2.4 -: GRADING AND 'BUILDING:.PERMIT : ~ ?  . 

APPLICATION 
... 

, , i . - . . ! 
:+ Flow charts for the processing of building and grading 
;: permit~;applications - and- sf or obtaining subdivision --apprdeaTs: 
arei::presented"'in:.:Figures '2-I:, 2-2; .:and.: 2-3, ',respec'~iv~ely$ 
Additional.detai.lsof applicationprocedures-are-jpresenk&d 
below. , , ;,,. ; , a  .:,,*..: ,, " .;,, '; :~,!;"; i,.? 2 

, . .  .~ . , . . 
2,. 4:. l..L:NUMBER :=.'COPIES .-. . . '  . .  . , .  , , , 

0 
, , .  .. , . . .  ~ . ., . ; ) ,.*. .,.". :... ,. ., ,. , , " i r .  .> . , L I "  ::... ' ,  , . , . . .  .., a: _ >  . . 

Eacfi,iappli.cation for:a :grading 'or building permit for which 
approval of the Engineer of Public ~orks.lis-required shall 
include three (3) copies of plans showing information re- 
quired! ,under .-Section-.2 .'4.2';f or 'review of the' proposed work 

. by ,%he-:Enginear 'of Public works : ' Plans ' shall- be certified 
by a registered engineer, landscape''architect, or land 
surveyor, as appropriate. 

'- . ,. , . . ,. i .,,- ' . . \<  * ,... ., i , .. , , 

, '  . , 
2.4.2 REQUIRED INFORMATION .- , , 

, . . ,  . . .  , ... 

A: completes'application' package; . , ,  shall include. .in£ orination on 
. . , . ,, , . ' . '  . , , . . 

I 
the following ::items':. ., : ',' , ., 

I .  . . (  ..; 

1. Acomplete plan of the proposed~'.deitelopm~nt at a'. 
scale no less than 1 inch = 100 feet. This plan 

.rr .,.:-d.c: : . %.&s>a.to:*.&nclude: exci;st&ng, afid propo&ed-? contdurs a@ 
. , 

,i, .  ,-:,intervals no'.greater. than '..2 if eet :with, at":lpe=st.:.:o*e 

. ' t i f r=  ,-to National Geodet~'c.~erticai~i~~tum' 'TN&~D).:;'- 
/?\ 
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Contours shall extend to the centerline of all 
roads/streets.. bordering :the site ~. 

.., d.." ,_.. , . , ,  . .. . 
. . i .. . .,,'. ... : ',., , , 

2  xis st in^ :and" proposed *:building mpervious sur- 
faces, easements ,. wight-of:.way:..%and,::~.and drainage 
structures, including inlets,: catch basins, man- 
oles ,;~~junction,.boxes ,:- driveway'::pipes.;.::culverts, 

. , : .., crossj.&rains, .heer.dwalls.,~outle~.,~f a'cilities, and 
, , sanitary, sewers.,' with .,size,.l .t*ei::s~ope,, invert 

elevations, $. and,.quantity indicated.:., ; A  b:.; 
, ,.. ' ,,.' . , ..;. ,,,. i :, : i 
" ! . '.,I' , , ,;,. , ? 1 , . -:, , , , ., , ;':,.::,:e 

.- 
a: project ,: structed .:.in;(phases, common 

f acilities..-and:, phasing: schedules.. .?:-. . rc,: 

, . 4 . .  Hydrologic .and hydraulic calcula.tions~:f orappro- 
. priate design,conditions.and~faci.lities, including 
.deteniion.4r,etention ::f aci.lities ..and ;reservoir 
routing .calculations: as required ;b y... Chapter 9 of 
this manual. ....................... . , ,  

, or .:channel: improvements:, with 
proposed.limits o f  change. 

... . ;. : ;v :..: . . .  i r  ... i. . ,  ,. 

. ;':. :...?.,. ~,, :?'f.* :,<..,*s 

r.,,flood,~-l5nes,, either. caicu- 
he. ~ i c i n i t ~ o f .  the proposed 
urce of s=l ' d ,,, line or eleva- 

tion indicated. 
, , .,,., . . .: , . .  , . . .  . ,.,i 7 .  ". .. . , .  a" :.,, . , .  ' )  ,. ,  . ,  ,, , , : -All .,f ill areas. .indicated.as , such,::-with,. the limits 

. , and elevation. indicated. ? .  . . , . . . :, 
,.j !.',, ' ,  ' .:<., , , , ' , .  ' , j j :  . . .  . . . ~ ,  

,. ~ . , . . . .  . ,, . . 
;I.;*.: -8 ..,,Drainag indicating the existing and pro- . ~ . .  ' 

posed direction of runoff. throughout ... the plan. 

,, 9, Invert &and,. .top , o f  grate elevations. on. all. *.catch .. : .. , 

basins. and, ,inlets ,, i n  addition to:, f low..: line .:eleva-, 
tions, stations, and percent grades of all cross 
drains and pipe between inlets and ca.tch;rbasins i ,, t. 

. .., .,lo . -,For f.loodZ~ plain areas , designated floodway;- along . .  . . 
l i t .  7 ;. .. . J& ~ ~ - ~ i t h . . . ~ e ~ u l a t o r ~ ~ .  f lood elevations, c~~.:and.:,?~i~lil.l.iti:i..t,~ , , ,  , , . 

..$.>* ,,' . . . ... :cross ;.sectkons dand calculations, and~~1owest~~:~floor.~ .. . 
: h;;  c: &.:;.: . ,. elexation*, fo%,:buildings inhthe ;.flood:.plain ; 

~~drau~ic,~c&lculations . .should'.b$' .sub hen . ' * .  
. ,  ., ;appropriate:...:- . ,I , , . .  . . .i .. . ,  . . .. , * .  . ,  . -. ., , k , , ~ ;  
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, . ~ , .  , . , . , . . ,~ . . , . 
11. Temporarx-erosion:~and.:sed,imentation control 

measures (straw bales, silt fence, etc. ) to 
0 

. , , .  be implemented du 
,.. ... , . . , , , Chapter' 10 .of thi 

,: , a *  , . , , , ,  , . ,  

:, ii., ~ i n a l  stabilizat ,. , . 
. / . .  ' disturbed, areas. on -the property. ..# ,-Areas with 
, . , .  , . . . ;. , :  . . .  :slopes ::equal t o  or .grea~ter;than..:two feet 

horizontal.: to'.-0ne:foot: .ver~ical~~.!.s.hall be 
stabilized withriprap or another equally 

, . , ,, - .  effective stabilization measure .,..;Stabilization 
for each: ditch shall be.:;shown. . .  -:. :' ... ::i .d 7.: 

,Where: special' structures such ,as.l.box, -culverts, 
-bridges, or'junction boxes .are:..propissed, detail 

. . .  plans - showing.-dimensions , - reinforcement, spacing, 
. , ,  sections, -,,le'levations, 'and',.other.,pertinent 

information. . . ,  . ., , , ..,. . , . , . .,. . ,.. 
l i  

' , ' .  . , . . .. 14. . .Ai  .summar$ of. the 'quantities -ofimateri.als. !to be 
.. . ,  . : . . . r  :used and an~estimate.:of-'sthe cost 5of.?,construction: 

and completion of improvements;reqizired by this 
manual (for which maintenance of such improvements 

.-:,..,by! the . City -.is:required.:,ior .anticipated).-sha,ll be 
provided sox as to- detennine the .amount,-of the bond 

0 
,required under Section. 2..5.6 :herein:..;+ ,--: 

.:; i. : ...'I . ' 'ti'. . . , .. 
15. Plans and calculations signed and sealed' by a 

, - 
.. . , , , - ,., .., registered engineer, .landscape. architect, or land ~ . ,  

surveyor, if appropriate, if appli'cation is for a 
grading permit. If application is for a building 

: , .  . .;.,:, permit', signature- and seal: of a.i,registered 
. " , ,. , . . . 

. c ,  . . , .  t , engineer.'is required. - .  . . .  .,,., ~. . ,  . . ?  

Additional:..inf ormation required .for various.+Y acility 
compohents is :covered ,in::~hapter 3, Section :3.r.2. .:. 

, . . . . 
, ,  . ;! . . .  .-:.: ... f : * : .:. . ~, * -  ....,. ,I' 

. .  i :  , . . , ,  . ,  ~.~R~;~:POSTING, , ". ,., , .. , 

Work, ,;requiring a builds ng ori gradin-g'.permW 'shaU not be!! 
commenced';.until the permit holder :or+his:ygen&+has posted.. 
therliperml;t.:iin:a conspicuous 'placer oni~~the:::~f rant of the, 
premises'.. ::: The : permit , sha.11 be .:,protected : from .!.the weather 
ap,d$dil.be~iplaced- to- ,allor easy.:jaccess. .for :record&ng entries. 
The building permit shall rekin posted. byi the permit holder 

A 
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until. the certificate of ':occupancy: has been issuediby 'the 
6 - Inspection .. Department i, 2: The#- grading permit:"shall-,'remain 

posted.. by the permit. holderuntil 
by the.Engineer.of Public Works.:. .:. 

., , ,. 

2 .:4 .4~ i  EFFECT .; : ., . , ,. 
. . > , , " .  . . 

.building. permits-::approved,by the :!Engineerrib£ ~~ublici~Works 
and issued by the City of Iiuntsville 1nspection"Depa~tinent 
shall be construed to be a license to proceedwith the work 
governed b y  :this manual and shall not ~lje..colrsfrue"di~as 
authority to violate, cancel, alter, or set aside anx of the 
provisions of; the permit:, nor shalll'.-'issuance :of:*~a$,permit . .  

prevent- :.the '~ngineer.. of :-Public .- ~orks~~ifrorti the. 
requiring ..a correction of -,errors!,' 
construction or:.violationsi of.. these: regulat 

, . .  . .  . . ~  . . 
, , ,  . . i : - . ,  8 ; . - . .  . , . . . , 

-2.4.5 'TIME : , ,  , , : , 5 1 : :  : 

. . ,  , . ~  , ' , . , , ,:. j'+> .,' : . : . ,. .~ , ~. 
Unless- .the- di: byh.this manual and authori~ed':bir.~'a 
grading ,-or' building(iperini;~ .-is ,commenced-:; wttKi:n i"6 -?month's 
after ' the date the'' permit: was issued,: the 'k-peh5ti'ishail 
become invalid 'and a new permit shall be required. If the .,. 
work authorized by such permit i.'s'..:~not-?~'%'ompl'ete'd?;in 
accordance with approved timing schedules, the permit, with . 
respect: to these: regulati6ns)' shall be iniralid;:however,k o r  
just. and; :reasonable: ;cause2,b.one ettensZon:;for~a!:perioti 'nat 
exceeding ,.ninety '(90.) ;:daysi..may .,be ,.aklowed.i::':~eques~s fiir 
'such.. a, time extension; .sl'fallih be submitted': in -iting:Vo the 
Engineer :of .~ublic:.~orks, and authorization : for such;fai 
,extension shall .:be: in writing; !~hi6:~re~uirement;;does'~bt 

, . replace, ::alter, ; or change ::any.. requirements or 
regulations' of the Inspection Depar ., :., * ,  *I,.. G, ,- ,> > , ,  

, , ..., . . . . ,  .. .: (.>I , ) , :  ) , ,  . :.*i.,:., " ,,,,;.,,: . *  .$ !.'..*;,.," . >  , ,  . .. .,, 

2.4 .6  OTHER :?PERMITS - . ::. . ~ 

! , ' , . . ' ,  . , .& , ,, ,>.. .: ,,? $~,. ;~, 
9 .. , . . ' I . . , , .  , .. ~. , . .  , , . .,, ,.& .*. . .'(J .i. 

Approval by the Engineer of Public Works does not relieve 
the applicant of responsibility for..~ob;tafnin@i?any other 
required permits. 

. , a  , . .. . . : ' I : '  
. . , .  , , . .. . :: . 2 . 5 ,  . ENFORCEMENT . , ,  

. . , - , , . . . .  ,; ' .  i .  , , ,  . .  , , , 

2 IS. 1 . :RIGHT OF: ENTRY. . ', 
, . . . , . . / : ,  ,; ..,~..*~. , 

! 
, ' . ; :  . . ~ . .  ".,,.. , . , , .  . 

, , " .  
. . .. . . z , , i : ' , i  ::.i .. . 

The Engineer of - Public8.Works, or ' any. duly. authorized repre- 



sentatiyes , .max - entsr upon:,. the premises: ,of ..any; ,land,: within 
theCit~ of. Huntsvi,le for.,.which. an application$:fori.either, a 
grading ;or building. permit has;, been filed,:!  or^; the., purpos& of 

0 
inspecting the site before,.during, and, upon- conclusion of 
construction to or other land disturbance activity t o  
determine compliance with the requirements of;.;.this: mhnual 
'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 .'. 
inspections ., . , , . .  ..... . , :- . ' 

. .  . . . . .  ' ,  . , . . , . . ,  ~, * >  ? J~ \,c ,,, ., . ' , : . , , ,.i"' , ' , , 

2; 5 .2  . ,REVOCATION . , , ,  . . . 

t : :  , . 

The. Engineer of Public ... Works :may .rev 
permit when informed of.any:false statement or misrep~esen~: 
tation of facts in. the, .application or plans on ;,which>; $he 
approval is based., . :  The. Engineer: of:,:Public works.. may,!request 
the revocation of an approved building permit by the 
Inspection Department when informed of any':f,alse;!:statement . , ,. ., -. 

,,:,, or misrepresentation of facts in the application or plans on 
'i: which :approval :is based. . :The,., applicant ma.x, appeall,,th,e 
:. revocation of: an , approved , grading, ,.pennit:, in : accordanc,e.;:~wi,th 
the, procedures. outlined( in ~e !2..5- 7:. !: :: :,!.,:, ,:", c: ::*!?>. :t :?::.::t,i* 

. . 
t . . . , ' .  . ,. , "~ . ,,, : , ,  , . . ~ .  ' .. %':, : ,I. >jt*:,i? ;. ,k.:<:..:,:.>$?,:: 

2.5.3 -,STOP,WORK ORDER 6 .  *;. . ,', :. ->: <:> ,;L ,.? :! :I:, $ -. r.t$,* 0 
. . i .. . . .  . . , . . , ; , , .: 

'uponl notice.: f =om. .the. Engineer oi5,: 
bv. .this: .manual which ?is ... being.? perf ormed. ,on::,.any~~:.site ;within 
the City. of ;Huntsville ,without;, an ,;approxed ,grading a or :build: 
ing permit, in violation :of 'the:: condi,tions~~:for .an, approved I 
grading. or, building.. .permit, p:r... in,,;a. ;dangerous :or ,;.unsaf.e 
manner., . shall. .be~~stoppe&~..immediately I. Such :notice: sha1.l.i be 
in writing; shall 'be:. delivered .,.to*.. the. owner of: the property, 
his agent, or the person doing the.. workz:. 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.. . , .I . ,, 

Any non-permitted drainage system, construction, or fill 
located within a flood.'.plain,sliall,~upon .. . written notice from 
the Engineerof public works, be removedat the property 
owner's expense. Where any violation~;is,:, d~isc,over,ed, the 
responsible party shall restore the laiidto its"state prior 
to , .the . .-violation. .The applicant may,;: app.ea.1 the,:,requir,ed n 
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corrective measures in accordance with :the - procedures' 
,., .. , - ... I ,  

- , outlined i n  Section 2; 5 ::7. . . : :  :. . ,.. ,:.t , .. . , . ' _.I.*,. 

, . . . , . . .  , .. : , , ,,>.,; . . . . ' .  

Any violation of 'these reguibtions shall be punishable by a 
fine .of not more than $500.00 for each and every violation. 
Each* daq, that:. a ..yiolation :,remains ~uncorrect~dt!~shall :be! 
considered 'a separate .offense.!: :. . .  : : : : ~ :  : :: t i . .  ;.:.a:.. :..; :::,.*r.,:, 

. ,:, . ,  , .. , . , . . ~ .  ..,. . , ,  , , .;:, . . . ;  . 'I :::. , , + ,;;,,. '...'i " .' " .,! ,,J. ;?J:: ::: i:.:;.!.7,.. 1n :addition::.to.'all :.other, rekedies.:.proyided.~bx .:lay, -the::j:~ity: 
of . Huntsville ,,shall, : haye .;the .~.right;to- :in juncdi~~~~~re~~ief.i~:f OL 

,%%.,:.>:..>~,.a& any. v;iolations. o f  the. requireinents of ,this::manual ~ c !  , - ,.' .. 
, .. 

', , , : . :,: ,. . . , , ,  . . , , . .  )*!)... ;: >..:-i,j. ;.G-$a:::!g,>~:*~ 7 J{,<.: ! 2 :>:$r#<j,+ 
. , . : 3;. -,;: , . . : !  .:.- i: " :.>: 2;s  .:6  REQUIREMENTS ,:.: . . :, , i ! .  , ,: . ,., 

, ?,i .. .. , ;  ,,.p .:;,,: . ,  . . ,  . . . ., . . ,  ,:.  .. . .  ..,, .. . ,~:;.,:~r..;~i;..::.~ ;.,,,-. .,.,. c : :  :;.?:a,; 

The-. City .of, ~unts~ille ,,shall. require the ':providing. of a; 
perf onnance . -bond...to...guarante@-.thei proper .construct-ton .:and' 
completion.. . of improveinentsi ,required::by: this: (manual, for which. 

, maintenance: of .jsuch &nprovements ;:;by !.*he:. City .&s i required :or-, 
anticipated. 1 The :amount:. of. :the; bond.-;sha-l1tt.b ::based? on:> ran.. 
estimated. cost~:of , the ,:required ~impr~vements~~~rovide&~.~b~~,.~the~ 
applicant and approved :,by:,fhe:..Engineer ~f.:~:P.uhlic .w&ks:~:. 
Bond requirements ma$ be fulfilled by the bond submitted to 
obtain subdivision approval, provided improvements required 
by this manual :,we.r,e~:,con:s.id,er.~d~;in .,. . 'de:termining the 
subdivision bond amount. The bond shall be approved by the 
Legal., Department:-as ..to!: form,, ,suf f iciency .and? mknne,k -:of!. 
execution and shall: ... be. ( 1.): .a bond,. secured ..;by,::ants-insufance 
cobpang licensed .by,,.the. State, of .,Alabama#: i0r.~i(2:):. ai, cash 
bond : -or (,,3 ) , anA..i=revocible ,let~e~;::of.~~credit from, an 

. , approved. lending institution.: ,:.Bond :. iss.:not. normal~l~!, re-: 
quired' for improvements ' which shall not -be maintained :b$)r.the.. 
City of Huntsville. 

,.. . .  . .. , . , . , .  . , 
. . .  . .  , .  . .  . . . , 

3 1  ,., . , , .. . . . .  ; . .  L . . . . 

2.5s.7 APPEAL6, ' ,  . , A:, , , , .  ~ , .. , . ,. , . . , L.. : . , . :  ' .  

. , . . . . .  ' . , .  " .. 
. . , . i : , , ~  . . - . , . 

An; applicant. f or a grading .or buading penkt ..may appeaE any 
decision of the Engineer of ~ublic.:,~orks?~~.wi.th~.~es~ect to 
this manual. A notice of appeal must be in writing, 
specifying the grounds thereof, and must be fFled.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 
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findings . : ,Every decision of .the Stormwater Management .Board 
shall be final, subject to such. remedy :'as:,any ::aggrieved 
party may have at law or in equity. 

. , >  . ,  

0 
. , f ' .  1 1  1 . . . i ,> . . .  ' , "  

2.6 CONSTRUCTION INSPECTIONS 
, . . . . . .., . .  5 . . I  .. . .,. i- ,.':.,,.- , . .(*. , , , .  . . ~ .  ., . . . , .. J .  . I  ,. , . ,  .. . , . . ; ' , - .  "> $Y , ., 

The ~ngineer'of Public Works,:,at his'dis~retion~ shall $3- 
spect or cause to be inspected,: at :various;. interva1s;all 
construction or grading for which a grading permit has been 
issued .or a: building pe?mit has. been approved ..,.,'-.~het ~ngiheei: 
of :Public.Works : may, direct -~that~.additional:+testin~~ andr'in-. 
spection be. performed. If such additiona1:itesting and ixi-. 
spection reveal that the construction and materials conform 
to the permit : requirements, the costs;.of .,suchs:;additibn:al: 
testing and inspection shall be paid by the City of Hunts- 
ville .:.; . If. ,such additional: testing ,and.,inspectYon-reveal:, 
that t h e  construction and : materials :do) not?:-conf o&,,to::,the. 
permit requirements;;:. the:, costs ;,of. such,:.additional+.,~.testing 

:j: and ' inspection shall be. paid bp,:the. permit :'holder;'.:,:,i ALl!i 
,l nonconforming construction and materia1:shall': be 'removed ; and 
replaced, with .conforming cons-truction. ,an&~material.. at:..no 
cost or obligation to the:City.:of Huntsvill 

. . . , , 

. .  . 
. . 

- 2;',7 AS-BUILT 
8 

.. .. . , ,  , . . . .  , . 
The final. step in the p 
involves as-built. ..ce,rtif ication.. ,AS-built- certification . 
from a. registered engineer, --landscape 'architect ,- or, :laxid. 
surveyor ,. as --appropriate., sha.11.' be". required, and 'the 
certifLcation shall. include, the ,'f oliowing items:, as :appro-~ 

. . . , ~  , ,.. , . 
, ., , . . , . . . ' .  priate: . ' ' .  ' ' , , 1 1  , . , . I  i I , . , , . .  " . , , .  , .,<,A,., ' 

! ~ , < >  
. . ,  

~ ,. ,, _ , - .  :I: - , ,  . ' 

1. A letter certifying that drainage facilities, 
erosion and sedimentation control nieasures, and 
other improvements are complete and functional as 

.. 
., ~ . .  , .required bx;the, appropriate 'regulations. and,.the, 

' , . .  . , .,, 
. .  , 

~. . . . - approved ' . . : .- , . a ~ $ ~  ..;, . ;<+ . ,', !.>~,, 

d, , , , ,  . . . . .. . ,,, , r . . ' : . I,: 

. . 2. .Record drawings showing the final'. grades, 
' tions.,' and. .locatio&.of ,:facilities. , - . '  

, , . ,  . , .  . , ,., . . 
, . . . ". . . I ,, ? . . 

. .. , * , , . ,  , ' . ,  , . .  , . . ,. . , . . . I .  ' ,  
. , . . . , ,  , ., . .  . .  . . .  . "  , . .  

. . ,. . < .  . . . .. , , . ... / :  , . .  
, . 

. , . . 
gnR370/016-0314 2-1OB ,' , .. , . ,  .. 

0 
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Chapter 3 

b ' .,..:. REGULATIONS FOR FACILITY DESIGN- ',FLOODPLAINS.-.:; 
. . . . . . .  . . .  . . . .  . , ,. ; ,, .I.,,, 8 .  '7 , \.'.r , ~, ..; + . . .  . . .  . . . . . . .  . . . . .  , .., ...,. 7.. '. 

1. :. 3...1: k DESIGN CRITERIA .. . 
.. ,-, ,!..>$ , , j " # " "  ,*,-;>.; ,,. * *  ,,< . . 

~ ~ . . 

~ i k i ~ n  criteria presented throughout the manual are 
summarized below:~~i!c~itiona'l ,'details--,on:. these ~riter~a~i-can';'' 
be found . in+:khe: :appropr$ate!.chapter,.:' :.. ::I :-;.:., $':'nk4 1 i: $3?:,.. t i r -  .: ': .: i l f : r ;  

,, .>,,_ .... . . ,  . .  : , ~ , 2 :  , >.r,.:*:,:,, . .  :;d.L*.:, \k,:iS:,!..>.t, .!.<*,iig?."*:! :,F->i:"?; ,. , . 
3.1.1 RETURN PERIODS 

Design storm return periods for c 
management, .facilities :.shal;l,be:;as 

Com~onent 
, : i. :' . . . . . . . .  

Checkcha~els; using! the 100- 
. flooding of exi-sting.:buildings 

., ,, .. 
minimum if loor: .elevatrbfis:; . . . .  \'.? ....... ,,+$I p:~ ., :.": 1 j.7$:;.+'. . . . . , . .  

: ,: f,-';,i*y -*)&; .... ....... , ' 1 . ., ..<< srfrfif-:X:,' : h .:.*':.'" 
c .  . ,  , . . . . . .  .- " -  .) 

. . .  culverts and Br2d'ges:;for Rdhd&, ;Streets:-.ti 

3. Major Collectors 
3.. Minor Collectors 
4. Residential and Local . :.;. ,-. T , L ~ <  ~ . . ~ 2  . 1 

, ' 5  Roadside Ditclies ' .  :.. > , ~ ,  . lO-$ear.....;.#..... .:.: 6 ;,2.1 
. .  , , , ' .  , ... ...I . . . .  p . .?. . .*.. ........ .." 

Culvert and bridge capaci'ties should-be:. checked,. using the 
10 0-year retum ,'piSridd:J: to- --ensurei?that:overtoppXng . f lood 
conddtions do 'not exce^d ;J. foot above the::topclof.- curb.. . i . ~  

.; .i.$ .., ...';*,,:;;<::.'.* . . .  , , ,. .. , . . . . ., 
. . , Pavement Drainage"':For> Roads, Streets and': I: 
, , 1 . Minor!~aCnd, *Maj"-r,i &-t&iaiaIs':'.:,., :. ,:-:.~~-y&a 

I 7 .'2.1 
. : 2.. ' Major Collectors. i: 25-$e 7.2.1 
3. Minor Collectors 10-gear 7.2.1 
4. Residential and Local 10-@art., . .:,.I,:..:,: ,..:.7:,2 . 1 

5 .  . . ; - .  i; . <, 
,( , 

x .  . ,  . . ,. , . . ,  ::j ,2?*?. .',.>:!,;: , , ,  

Pavement flooding spread limitations are s&tmariz=d in Sec- 
tion 7.1.2. . In addition, the pavement surqace:.lishalk: be"?: 
placedq above the precfieted surface elevatidn .,:forz tha.: 25-year 
r e t u d  period flood oE(!nearby streams or jcldannel- systems., 
and .rivers. Future f w d  elevations shall::be:r~used:~wher& 

.:: ' : : I : .  , future. flood in£ ormatidn, 'is available. . ,, I .:1 .i. 

/? 
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,. . , 
' . . ,  , . . . .  

. . 
Storm Sewers :, _ _ ,  ...: ; .~".,, f or..:Roads . ,I ,, . . .,.. . , ,. ,,Str,e,ets, .. and Allexs . ,., :.. ', :., 
1. Mlnor and Major Arterials'' 8.1.1 
2. Major Collectors 25-year 8.1.1 
3. Minor Collecto . .. , . . 10-dear , , 8.1.1 
4. Residential an 10-9ear 8.1.1 

. . ., ~ < r ~ ? & $ : '  " , , , i , . ~ . .  .. ,.,, <,;;;i;.,;:;n, .>;..::.s . :; :~.,;:;J;.>!<.?:<:, ., !, , , ,, , , . t  ", 

The,,impact, pf.. a,,;100.-yearIreturn period ,f load .sha'il.de i .  .:..i,. 
analyzed considering ad jacent::propertp and;t;buildings , , . ~. ,. 

emergency access, and public safety. 
. .  . . 

3.1.2 MANNING'S n VALUES 
. . ,  , . ,, . . , : .  ' ..,X 1. . ., . . , ,,: 8 .., ..., . . . .  , " .I :>i".;, . :  ,. , 

Manning's n values: for~components.: of ~todater~manage 
facilities shall be as follows: 

,. 
.,. ,., , . ?': , ,, .>;.:.:, .. , ..:, . ..: ,. .-, 

Value sdction 
..,' - ' : . .  . ,.. , : ' , .  . . ,<  . . 

Open Channels 
I 1. :. Tegetatiye Class! C ;. i ;. , See Equa:.., 5-1 ..;';..,: :.5.2..3'... 
2. ... Uegetative.,,Clas.s..D; , ,: . ).!See ,.Equa.:::5;2, '.:. ; 5,.:2.;3, 
3. $egetativ& Class E . See,. Equa~,,. 5-3;. . P  . .  ': i.5 i2:...3 . ,., 
4. Natural C h a ~ e l S  See Tab. 5-5 . . 5.2.3 
5 . .;.Rigid ,,.,Bare::tSoi2.,, .Rock, : . See Tab.,: 5-3.: ~ - : , r r , . . i :  .5.2 . 3 

, , . . , .  Cut, Te ,  and-.^,:,^:^.^^.: : , , i : j  , .  , . 
. .. , . : I Ripra . ,  , 

.,.s , . '  .i ,>,.'! ,,2 
. . ~. . ,  . ~ ' ,  

,, . .. . > .  , *',,, ->:' ,,, ' 

,. . . . . . Culverts .. . :>,,! , ., . ~ 

. ' \  !*., . ,. . . . '~ , ... 
.. . . 1  L Cir~ulaz~~Concrete 0.012.. . , .:.. . .: ~ ?,.- . . . 6 .2 .4 

2., Circular Corrugated 
.. .:Metal ,Pipe;,(,CMR) .:-::::. : _ . .  , . 0'.024 , . . "  ':., 

3 . , :Structural,.,P,late~,CM% . . . .  .0:. 0,328-0 .-0302 
4.. .Box.~,oncrete~;i~~ :,.,,:)t~~..:.:~:~ 0'..01.2,.. . : : ; '  
5. Oval concrete 0.012 

.. , , 6. c . ,  . . J ,  . .,,, . . . r  0,0241'. .:: ' ;':;.:.:.,' . . c : :  :,. 6 .2.4 
, . . 7 .  Structural- Plate A~c~:;~MP,,.; 0:. 0327-0 ;0306,;,~.. : r.. 6.2.4 
. . '8. Arch Concrete.. . , 0.012:. . : , ;  ., ,; : 6.2.4 . . , . , , 

, v'.r.i...' ;.: ,, ; - ., .. , .. ~ i, ,>'I " '  . , . ,  ~ 

. . .  . , . Pavement ~ra.in'a,ge k.,,", . ,,, j s  ' : .~ '. , , .  ,, , . 

1. Curb and Gutter 0.016 7.1.3 
. . . . 

. .... . ~. ; k . . ~ 8 . ' . : : , , ,  " ,. . ..> 2. ,I, <!,->,:,: ', :,I:. :>. 

. . Storm Sewers . ,(:, i,, ;, .: :1311":!.z~~v; hli.~i 
. 1 .  , Circu1a.r .Concrete? +:rti;i r i  ...+ I 

2 .,.t...,Box. Concrete y3.,,: ; 7c !e ,$ . ;~ : :  ;: ' ,<<!~: ?., 
3.. . . 3~rch,:~oncrete~;.+ : j  Tt+.: .: : ,5.,2,t:9,i ,>: 

4 . Oval concrete . . . i 'd . ! i :  .. ;':,;*;.,i q.:0 .012 
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5 .. . Circular CMP ,. - : ; , . , . ,  

r\ 
. :  , ..0.02,4 . . : :  .*:. 8.1.2 

L, 
.., . 6. ' Arch, q,,, . .  , , , . , , ,  , :  , ,~ . . ,. :0:.024 . . . . .. 8.1.2 

3.2 SUBMITTAL REOUIREMENTS 

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 flood 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 Engineer of Public Works from other projects or 

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

The following minimum information-shall be submitted to the 
Engineer of Public Works: 

1. Drainage area maps on a scale of 1 inch = 200 feet 
or less. 

2. Soil maps 

3. Run-off coefficients, rainfall intensities, curve 
numbers, design storms, rainfall excess, overland 
flow calculations, time of concentration, and 
other pertinent data in determining 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 subscript 
on each peak design discharge. 
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. . 
, . . 5 .  Calculations,, along with hard copies' of computer 

. . input and output files , as applicabie. - , -. 0 

. .  , . , ,  , , .  . . . , . . , .*,.. " ,  . . .  , , * ., , <, -. . . . . . ,. . .,. 
. ,. 2 ~. . . .  

' I '  . , ., / v . , , ! ,." , ' . . ;  ; . . ; .., :->.: . . ,  '. . ., ., . :, . . ,  . , 
/ *: . , . . . , . . .!> ., . ,.'. . . ',..~ , .  , 

. . . ,  . , . , . , . ,  . . 
, 2 ,  , ' . . , $!  

,, , . , ;., . : .  ... : , . '$ ' :  .;; > ,..' ,. 
~ ~ 

, . ' I  
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~ , . ,  . - 3 . 2 . 2 . -  CHANNELS ' . , .  '; 

?, . . , .  
. . .  .., , "  . , ,  . . , >. , . >  ( _ ' , , .  , .., $ , , ,  ' : . . - 

 his ..sec'tion addresses .the. regulations, for.:propog~$ i~..!":" 

, , , . ,,,;, # .* 7) existing open::channels..and,.watercourses ',iiithis '&d .'down--,. \ ..... -2 .. ,+ r* ............... s tream:.of,'the ,proposed: development . - ,  The r&qucred'-:sectf 
and lining material for open channels shall be consistent . . . . . . . .  
with.:the ,' criteria and procedures ii'p ,&&ei55::;: . J ,;.,.& 

, ,. . '. , . , . . . . . . . . . . .  ...................... .: I, 
: 

. .  i . . . . . . _ .  t: ...: ; ' . . : .i" 
..A,' , <..,.:,? ..p -.,. 
i.' 

. , 

Existina Facilities . , ;  L ~ 2 % ~ ;  

... e.:, : . 2  ,z,.,.. . ?  ' $. Improvements may: not be requiredifor existi&. ~i-ty:'maintaih.& 
ed open drainage systems unless it is determinedby: hydrau- 

. * . L  .,., 1 . ,  "5  ? 'lic calculations'.that the proposeddeve~opment'~~increases'~~' ,.. 
f lboding,;.and ' ., The :,.~~~.i~&&~," bf :.$&yiL~.'b4'"'J"'f 

V '  -, ; ,, ,:,,d * Works may ~ zequire~th'e submittal of 'data'.to::bupport any .con-,- 
sideration for.: not .*improving, ..existing.'.faci.lities. ..2$m$i:ive~d 
ments maqrl: include,. but are riot"1iniited to; .,widening, +deepen-, 
inq,~ .paui"ng; grassing;. and.:piping .th waterc&kse‘3:1 

".? :. .;. '. ' ....... ; ! .i;~,9'.-r 1: 4 ,..-:;, , ' : ~ .  , :  ,. . . . .  . . . .  . Y . . .  ,.! ,,; , . .;. '!i ;.>. ::;<"j?: -' .-. 
, . ., 

Existing open drainage courses shall ered, except 1:: 
when the following conditions'requiring improvements. occur: 

. . .  . .. : .< ., ,. ' . '  "I ', ..... >. . , ~  : . . ~ ,  . . , , . _ I _. . , . . . .  .:: .,,s ' , :. < :#? 2 ; : "  ; > :., .-J,>:) *: 5 . ; %  .. , .  
, ~' ..;I .. , , , . ~ h ~  .,exp&ting -drainage *ou'r'se :,.has :-in~f$i,&ii$&nnp: G'p!.t:< 

C capacity to carry the design flow (see , *:s3, ..( 

Section 3.1.1 an 

2. The existing drai 
,; ., . , . , ':because ;of ,;,the 

. . . . . . . . . .  ., :.,  ' ,. 7 ........,. i. . . . . . . . . .  . . . . . .  . . . . .  . , . . . . . . . . . .  _ _  . ,.. ,  . , . 
.. . . . .  3. . .The existing drainage course 'is erratcc.:$n)".:' ' I , ' :  . J <  

~. . 
... . . .  alignment, which may create :.drainage.'bnd. : . i : S  

maintenance problems. 
. . .. ...: ........ . .., .. .:::..: '<*,:'::.,, &. ;. . . . . .  ,. . 

4 .  At street crossings,, the existing drainage course 
,- , < .  . ..must : be. improved! as .:required to : 

. . . , c;'/.-. .proposed. drainage . structures ;:. .,+. 
..; ,!;;'. . . . . . .  *. . ; .: ...... , ,  . ,' ..,.: . l ' . . .  i .......... i . . . . . .  . , 

Public '-etility :and drainage easementi shal 
along existing drainage courses within the propos&dcl'2de+&b6p~ 
ment. Offsite public utility and drainage easements shall 
be required along existing drainage .courses .. :!Mo~& detailed 
information is .*contained. 'in the,rsection. on bdsements found 
later in this section. 

. .  , . . . . . . . .  , , .+I  . . .- . , . , , r ,  , , a'? . . . . .  , ,. , .. , ,, . , . 
> I. , , . _. , : , '  ;., . . , ,  . , ,'. ,. . 

, . , . 2 . i. 9 

: , I '  .( ' , < :. ". , . :,i ' . .  ,g ... . . . . . . . . .  
/? 

.. , ' ..' 
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. . 
Existing drainage courses that collect and. Fonvex. storm: ., i 
water run-off from the proposed development shall: be- 
analyzed downstream to ,ensure.,that .the:proposed deve1opment.y 

0 
does -not, increase the ~otential ,for flooding.,i:erosion,:~:and ~. 

I sedimentation .: ,, . .. along the drainage course, (see . ,.,, Section ;.:3 .,5,),..fi.:-:.:.: 
, , . . 

~, . . ~ .  
, , , ,.. . , , , ,  . .  ..,, ,.. , , :,; . .  . 

~ n y  drainage construction of £site _ from th 
merit shail be accomplished .within dedicated public utility 
and drainage easements. 

. . Alterations Existina Facilities, , .. .; . , . ,:. ,$,. , ,  :;:, 3:jt~,,t:c,,  c$:cl, . . 

, . _  I " '  , . .. . , .. . , iL. _, ' :_ . ,  ' , . .  11 th6:;drLinage:-course 1ies;within the Floo 
Floodway: Fringe ~istrict .as shown. on, ,the,maps;,identif ied ,.bx 
the title Flood '~oundary .Floodwav 'M~PS ,: Citv,.f .::ii ,: .,=.: .. 
Huntsville, Alabama. Madison County, any alterations ,to the 
drainage course shall comply with all the requirements,ofl 
the Federal Emergency Management Agencx,(FEMA) and the,City 
of Huntsville Ordinance No. 87-269, as amended (see Appendix 

. . ?i. A).. - - ,  

:1 
.. . . . , . . .  . , .  . ,  1 , .  .. , ,  

, . ( _ . .  i 

: No alteration will' be permitted that incre 
Regulatory , , ,Profile El 
course. , . . .  , . .  

Hydraulic ,Enaineerinq 
0 

, . '  . , . . 
... , . .. , ? , , . j  . ' . '. ...~., ' 

. . . .. 
The water:&urf ace,, el'ev&f'on..and .!:f lood"iy .widths, ;as deter- 
mined for a 100-year return period,.shall be established 
along drainage..courses to.determine min elevations .' 

. .  , and floodway,, :boundaries. . . . . 

Proposed Facilities 
. . .  , . , . . . 

. . .  . , ,  
, ,  , 

.. ,, . , ' ,  ' . ' . '  , 

The regulations .below peztain .!to :proposed 'open :.drainage 
channels and ditches required, for ~transport,..~of:.,.,sj;o~ater 
run-of f . Existing watercourses and 
require improvements: ,will also: be co 
regulations . :,. , : : ,.. , i  . . . . 

,',' . , . . . . . '  , . .  . . , , . ,  

1.. , - The: proposed open cha 
. , : ;:,the, design flow .(.see 

, , i 
"'. , ." , .>.; ,:, ,,: ,' . ,  h , . ,  !..! 

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

gnR370L024-0314 3-6 ... 
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n minimum floor elevations and floodway boundaries. - See Section 3.4 for additional standdrds and 
. . .,. . .  . . . , .i,Y:lrequirements . . . .  . .  on ,.drainage.~courses.. ii':. . .. 

, , ,  
, , , . ;, :[,':.. .,. ..+.,5.;><:,.~',i.s:,:A 

en- channels ishall,: be-protected from 
rosion by lining the side slopes and bottom if 
he~jveloci!ties : expected,in:.the~:~channel:;will. create 
an erosion.. problem. ',#;4cceptable ..permanent channel 
lining materials.-are :,concrete) ,.riprap,?.:and vegeta- 
tion (see Chapter 5): Until permanent stabiliza- 

:! :ri.; . , tioni is,~establishedi.~a:'.tempora~~X2ning~:of synthe- 
. . :ii.. ;':!tkc;(e..g:, ,; :geotextile) ,or.;natura'l.-.(e .g. , straw 

mulch) material shall be provided..:.-Maximum side 

, ' .., ' . .  . ,:. " . . , " ! . , .  . , . ,  , 

. .. . . ~ . ,  Maximum Side 

, , , .  * .  
I(. _; .:,c,.! :., ,Concrete ,,,.,. Gr0uted:Riprap. -. r.,!~., .., 1 : 1 

~ -; ~ngroute'd . . ;:Riprap, Rock,,Lined., 2 : 1 
. Solid sod in  on-~esidential 

... . ... .. subdi~ision :,. .:; ., .:, :, .<!>, :i!*r,:, . , 

vegetative ;,in,  on-~esidential subdivisionA 3 : 1 
Vegetatiqe in ~esidential Subdivision, 4: l  

r' ,< .. , . ..-: . ......., ; r .  : , ,, ~ncludes ,Solid ;:Sod; . , , c > : ! i t i ~ . ~ : , ;  
.,, 

u , <,.. ;,; , ,  , . ; ,  . *: . , '  . A <i':.>;..;S. >i3t> t i ?  ,' , , ; ,  '.. b.','. 2';~ !.><I.:. 

The 'lining shall extend upslope a sufficient 
, : ..distance , to,..contain,the:,design;?starm flow with 

appropriate freeboard (generally.120 percent of 
design storm flow depth). 

4. Open channel drainage will not be permit 
ide,;.lot. lines .:..-Undk~ground~pi-pes .:and;,fa~ilities. 
hall,,, be+provided,.,aloncj ;.the::side; lot;;linesi.:to..the- 

, :  ,:.. . . b a c k  easement.. line ;;  he .! ~ngineer-o 
will consider..exceptions;.,t~. ,. . ,  thi.sa,se 

ec,f ollowing ,reasons :,i.;,( v:: ~.:*J, .s:~,8,% 
" '  ,. ~ ' 

. . .  
..',. 

>*I>;-.;, z:+iL:. j. . . .: ;. , .,,, $2 <<; s.';, h.? :,3::..j-'\,.,:?-:e,: c.>;:"J.i,. . ,.,.:The.. e~isting::&r,.~ro~osed -easem&n 
, ... . .  

. -.; . .: , .; .; :: .! .,!. il:iprovide:,the "City.adequate ,acce 
. ,. ,. , . ~. ;. . . . , . r : , tA  +: i:channelr,: ,,,!, ;i: ..:. ~ x a ; j ~ : g : , c ~ ; ; ~  . .  . 5 , , ',.+;.;,:i.b"..).i .-.. . , 

; +>*, ., ,>>.?'' 

.b. The existing or proposed channel requires a 
-,.:I: 42-inch;:concrete pipe lor.,-equiva.Lent) or ,c,:F,!': A>%..., :,:: ,- ,. ,. 

greater t o  carq,.the,,design.flaw and the 
channel i s  desighed to' prevent erosion, and 

..11:3ijty . . .:.::,. , . ,.sediuientation.~problems .. . , ,:: . .i- . , . . .., 

P. 
,, 3,.  .* 



.. , , , '  . . . .  . ~ . . 
. , 

., .. . . ,  .. . .. . , , . . . . 1 

, ,. . . . ,. '~ . .  . . , , * .  . . .  , .  , , , " ,  / . . ,,'I., . .  '-.>, 

c . The :open' channel is an, existiig'channel or 
drainage course located in steep terrain and 
consistinq primar 

. .  . , -  ., ., . . . . , .  . 

ddition ..to .these .r 
nage will. not be al'lowed.whenlthe channel 

eets ithe following co 
. ' . -, ." 2 ..I ...",' :, ,: . ' ' i i ' , .  . , ' - ,  

>Channel depth exc 
::& tside-!or.-back lot. 

:,.I . , . : . ; i i c  .:2i, , ,..? development.' . 

b. Channel creates 
public due to. depth. and/or.:location. 

. , 
c . Channel creates achess ' probiems for City 

$, 

:.: ty to existing 
,>. . 

, .,, . , .  
eet in length 

g underground pipe. 
. ::, - . . '  ' . . .  ' , .,: ' ,  , .  , ; , , <.; ,s.; . . . . .  i .,, " . .  , < .  , ~ .. , . ... ' _,;, . . ,  ..: ' ... . 

0 
r:i:- . . . i ,  :"; *I i . .  ,. f .'. .. .Channel. lies ... along: stre 

. . 
. . ! , L ' ~  , : , ,  

. ,  , ;. .~.. , , gutter.,. . .  : . ,  .:- " 2 ,  . .  :" 
. . , , *  

, . _ .  _ . "  , 

Easements 
. . , '  . 5 '. . .  . . . , * . .  

''.>><,A,.. c : ., , . C .  . .,*,* ;,. *?, , . ,".,  ' , .: 
Ar:utilitye:and:-drainage: 'easement : shal1,::be required'. a1ung:all 
drainage dcourses'.. located. withins-a development orj:-.. 
suW~uision'.5 The. easement- shal12.be of .'. suf f ici&nt.swidth to 
containrithe7entire. drainage "course as. weiLs.as .'providing 
adequate space for access for maintenance,ipurposes. The 
easement shall also provide ample width to preserve the 
natural i5ntegrity::of ''the' drainage course ,and 'to prevent 
bui~xding ?of~,?st~ctures~.within,~ areas' re&rved:f or the flow of 
stormwater run-of f . Minimum widths shal.l.:be:las specified 
below: 

, . . ' ,,, .~s.L,~Jf,t:,,:' ..,, ;? < .;. . .  . ,-. . . ' , , .  ,;. ..: *.. > "  

'k.t:t : iyegetative tor f Sexible tlini feet from top 

, . .. . . r,)!z:,&, p,< ,'.:*g-?<+ ~: ",<.; v:*'2.<,; . . . , ,  \,. 

2. Rigid linings : :.:,:5-,-feet f rom'top .of ,bank on each 
. . 

gnR370/024-0314 3-8 -' .. ,. . , .. . .  , %  .. 
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side. 
. , .  

. . 

P 
~ , , , '  . 

Easements shall be provided of sufficient width to allow for 
w future widening and improvements to;any;drainaga course, when 

required by the Engineer of Public works. 
. , .  . ~. . . .  ..:, ".., . . ..  , , , , . . , . , . . .  .::.i, ., ,> %. .. 

Plan Requirements - 
. , . . . . . .  . . . .  

, . . ,  i.., , , , .  , ,  ' . . . . . . .  , . . . 
1. ~esicjn discharges along the channel raC most upstream 

points in the subdivision or development and at 
points when additional :pipes :or rditches .:are .flowing 
into the channel 

, . .  " - ., ,., . 
' . , I ,  ,. .I.,. . . . . .  . . . . . . .  , ,. ., . 

annel alignment ,. - ,  : ., ., . . ~ ., 
, . 

. . . . . . . . . . .  , , ., : ,,: I . . . . ,  : ' . ,  ' ; . .  . . . . . . . . . .  " .,.il;.,:f , .. ,.', : 'G?.,, 5 ' .  . ,  
3 . ~hadnel ..dimensions., . . . . . . .  and , side'slopes, ,and lining. ,. 4:: 

. . . . . .  
. . l ~ q c  ,: , !. . material . . . . . . . . .  ,. , . .t,: { . ::, . :. ,. . . > . .  ; . . .  

4. Profile showing flow line, slope, an 
-%, ... :. . finished ground. , .. elevations,:at channel 

v ,  . . ... 
, P ' , .  ,'. .: ~ ' . . , . . . . .  ',.; '.t . ' .,%,, 

: . 5 .,,, ( ,  cross ... section;:.eveq, 50 :feet-:alongi'ce 
,> < 5 

; . . . . . . .  . . . . . .  .. . . ,  . , , ~  * . . . . . . .  . .  ., , : , ,  ,,: . , #;, < ,,". >... :,; 
* >: .-. :> 

6. Structural details 
:, . . . .  .. . . _,:t., . 

. , , %  ,:,,; h .  : ,. , ........ - .  ........... 
7. Water surface elevations 

. . .  . . . .  . . .  , . . . , . . . . ....LI. : ,..L, ,,, ' , . ' . - i ; .  , ~ .  

3.2 i 3  CULVERTS. STORM .SEWERS :, . . . . . , , .  :' . 
. . . . . . . .  ..' . , .,, , i . , I  . . . . .  .... . .  ' '..... . . . * ;  . .  . , .  . . : : 7 . '  

Hydrologic data and ~om~utatio~s,,, shali conf.&m to, the ,.; ,.., .;. j: 
requirements of Chapters 6 and 8 as appropriate. , Hydraulic 
calculations shall establish capac 
culyert! :facilities. :, , ,. : ,* .<  

-:,... . . . . .  .. ... ,..! .... : ..r . ~ ,  ~ . 
Plans submittedto the ~ngineer , 
proposed,:stom, sewer and culvert facilities., shall include:. :.~. 
the, ,f allowing., in£ ormation.: , : .. , , . . , ., , . . . ,, ,, ,, 

. , . ., . , , . , . .  ~ . .  , .. 

. I _ f . ,  , ., , . -  , , ,  , . . . . . . . .  .,. ., ~, . . . . ,, , , ,  d . . ' . . . .  

pipe or cuivert size.;<, . . . . .  . . . .  . . . .  , .  , ' .. " .  ,&  

. . . .  . > .  ~, . . .  . .  ..... , '  . , ',.._ . .  , :. *..1 ."11.1' . .- . . , >, 

lass: . of , pipe and..,materiall, . . . .  . .~ 
. , . . .  . . . I .  , ; .  i .  ., , , , , . .  i . i i i  . . .  . . .  . . . .  . . . . . . .  !.,..: i , ., . ~. 

3. : pipe length" and slope : ,r" . . .  . + . i:, ', ,;~.:. . . . . . . . .  ;i:' .. ,!:.I ;.. ........ 

,4 ....... .. ,: Invert .,. flow .line elevations., ,;- . . . .  ,~ ., , .  , 
... 
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5. Inlet locations 
. , , .  , . . .  

. "  , .  . . . , .  , . I  
~ . ,  , 

,.'. . , 

.. .. . . 6.. , :Design discharge ' . . . . . ; i  : . , .  ., <.. . , . , . . . :  
0 

I The following information shall be provided in the plans: 

- - 
, . . . . .  . , , 

: , P ~  . . ' . , '  , , , >  . A  

7. Existing drainage facilities 

8. Profile drawings indica 
, ; .  . . . .  :elevations'. : ! ~' 

,. . . ,  ,,. ,.). . 
, ,..,, ~" ,,,,,. '.>,. " , . 

, . .I :9. 1:. , Stsuktural. .-details ;. 

All drainage'culverts and storm sewers shall be reinforced 
concrete. Class I1 reinforced concrete 'pipe ,.'may"6e, us=d in 
non-traffic areas. Class I11 reinforced concrete pipeshall 

, . 
be used in traf f LC areas with. appropriate, bedding- . ' 

requirements, unless the trafficloads dictate:::use: o f  higher 

I 1. Design flow along the curb and gutter 
0 

~ strength pipe. . .  , 

,, , , , 
. , . . 

, , ., . ~ i 

~ydrauiic grade..line data1shall':be prov%ded:(;.Storm sewer 
;,-pkpe under streets shall extend at least to the back lot 
.>,;, 
i. line easement' unless-.otherwise approved by' thp*'~nglneer of 
: Public Worksi as allowed in Section 3.2. 

, , I . . .* . . /, 
3.2.4. GUTTERS INLETS 

. , -,,. , ,  
, .. ,", , ; . . ., ..* . ; ., , b:r 

Gutter and inlet capacities shallbe determined when new ., , 

streets are designed. The gutteri-:anii :inlet ~:hydraul~cs df ' .  . , 
streets and roadways shall be consistent 
and procedures (.presented (in. Chapter . 7 .  : : "  

. , , . , . . 
, , , . .  . . . " .,:, ..., ,.,, :: . - .. ' 

Inlets:: shall.: be .placed 60 that at.leis 
gutter f low-is intercepted ( i  .e. ; maximum :bypass'. %s '20'@er-- .- 
cent). The maximum length of longitudinal curb and gutter 

, . section without 'am '"Type- .S" :inlet shall be 30'0 ,feet;'; . ..., 5.. '- -. . 

Calculations,' as detaiiled. in Chapter :7, ' shall b'e 'mhde:'.td"P.-*.!"' 
ensure that new development and c o n s t ~ c t ~ o n ~ t h a t ~ ~ i r i c r ~ ~ s e s - . '  
run-off to existingstreets does not violate maximum spread 
limitations, as contained in, Section; 7.1-d2. 'If t K e  existing 
spread on the street equals or exceeds the maximum allowed 
before considering the proposed~dei7elopme:nt-,~~ th'e,.run-off 
from the newdevelopment shall betransportedby pipe to an 
existing stom sewer system. ; : : : c : . ' ,  !.<,,r* ?,i, ,?5.. ,+3a.?i ,?:&t''t 



. . ,- .,, , ., . - , ~ .  , , . . ,  , , .. , . , ,  :, . , .  , .  . 'c 2. Inlet locations, intercepted flow,. :&rid bbass flow 

3. . Street,. prof il 
, / . '  . : : .  - , ., 
, . .. ~ 

3.2.5 STORAGE SYSTEMS 

The standard for i determining the-.requirement,.£ oh-ahtorage 
sxstems ; shall. be that*.:. the .calculatedl.peak .-ratee"0F.':s-tolmwater 

. &n-of f . shall be :no greater after. devek~~inen~~:of:~asite than 
before development of. ajl'hite. .:. The-'~al~kl~t~l.sns'~sha~ll be 
made.iconsidering a -ten .year. .return -period,. - twenty-four hour 
duration, type 11. stoim:idistributioxf'bs" de?lnea"'6$~the Soil 
conservation Service (SCS), U.S. Department of Agriculture 
(USDA) ,, for,: both ;be£ ore, ..and .after dev&bp*sfit:: $i'.t:ddd &ii&T'.'. ..''.: 
tions.,..i.:..The hydraulics.: and ' designof 'isto-aterpstorag&5 : ' i .~=~ 
systems shal1,jbe ,consistent with. the'.c=iteri;a"&nd. prd'cea&& 

in. Chapter.:.9: ~torage'isystem~~~wijill.'..~b$~requir~&.:..td': - 
l~mit the, adverse.:impacts, of ..!~ncrease3.;run-offv""5~etentidn !- 

and/or-detention - f 
ing specific cases : 

~ , , .  i . , . . . , ... , . . , . . , 
1. Unders 

.< ,. . .lbcate C # ,<. , . . 
, , .  L4 , , .  . . . . . ,, :.,I;:...- , . . 

: .  . .. .2. . ; The, implementation .of .:.detentioni~and,4ok bretelitibh:i:.' 
,. . , ,; .. ; I-£ acilities..has, .been .determined? to;'ef fecti~&Tv.?:"?"'.:." 

a. 

reduce 'the chance of downstrem':dmages~~ca~se'd~~ by;' 
increased run-off. 

, . - . .  .,,. a , /.' . , , ,, 
~ , . . ,  , . ., , , , .. 

, . , .  . ,.:..:, I , .  ; A ; ,  

Exemptions.from:the~:requirement~ for.retent%on?'and/,or deten- 
tion.--£ acilities :shall be. given in the :.fo~owin~?.~s$~cif ic 
cases : , : . .  .:. , . , . ' A % . .  ;,:L+;.:!:',,: 

1. Comercial or Industrial..-developmenC which' adds' less 
than 10,000 square feet of impervious surface, 
provided all of the criteriapresented.*ii$Section 
2.3 .l are satisfied. 

. , ' . :.I! 
, . ,  

2. Any development where, based 
engineering study;, use of - such, a'f acility' will? 
result in a greater potential for flooding,. provid- 
ed:,that .existing.,:facilities,:~channels , -and ditches 

. . will not exceed capacity. , The study :. ahail be 
prepared by a re'gistered professional engineer and 

m, 



shall include hydrologic and hydraulic calculations 
. . 

, ,  , i n  support.:thereof: . :~ ~. ,. . 0 
3. Construction .or .repair. of, or. addition. to any 

residential dwelling located on single lots within 
. , ,  . , . , . an approved subdivision. . . . 

. . . . . . . .  . . . . .  . , 

4 .  ,, ,Construction or repair of, o r  addition to ,an*:.. - .l: 
,, ' - commercial or ,industrial: buildings or facilities: :> ..... 

including parking areas located within .,:an:.approved,. 
ubdivision where an existing stormwater,:detention-. 

.or retention. facility has, been. designed ::.and. ,con-..' .:. I.i 
structed t o  meet the !requirements of this manual..>: ' .  

rb  
. . . . . .  , . . . . . . .  . . .  . . .  . ,., , , , , ' *  . , :, , , I  <;'; : $.. : 

Detention andlor., .retention facilities .. that.:a& ,not:.required 
may be,.allowed,. .provided: such.:, facilities; haue,:no detrimental 
effect on upstream, :downstream, and~idjcent..idrainage. .: : :  . . 

- facilities and further, ,provided :that the ,.calculated,peak: , .. 

rate. of .stormwater ..run-of f :shall. be no greater.,af ter,:!: . . ., , deyel5pment than be£ ore development. :  he ;hydraulics. :,and; : i:.:! 
# .  

, , ;: design of stormwater storage systems shall be :consistent . .  - . 
,'!;with the criteria and procedures presented in Chapter 9. 

. , , . .  . , . L ,  ! .. , , .  . , ,  . , . .,, ' .as,,: ::, ., , ,.: ,.::'!!:; . ,. 
,*,.'.,,L. !> . '  

A maintenance . plan. approved by.. the, .~ngineer :;of public Works 
will be' required for any detention and/or retention 
facilitx.. 1 .  .Public utility and :drainageneasements: of adequate 

0 
width shall: be :required t o  provide: access. tothe. :facility 
for maintenance activities. . ,  . . , :., r : s ,  ,. . ' , . J s ,.*. 

. .  ,, . . . . . . . . .  . . . .  , . ,  . A,. ,  . , 
. ., The following information shall be provided in the plans: 

. L.h, :  re-dexelopmknt .and post-development,..design flood l. 
: , ,. hydrographs" for - the 100-year and 10-year,  storm.^: I 

return periods. 

., . " 
; . . 2. . Stage-storage,.data . .;. , .r . -.: .' . ,. . 

. . . .  . r . ; ,  , :: . , .  , .  . . . . ,  . . "  
' . i .  : 3 Stage-discharge:,data . ' : . ,  ,. . , 

, . 
, ,. . i .  . . . .  ~. 

4. Construction details 
. . . . .  . ,  . .  . .  , 

, , .  . . ' . #  . , . . 
. , .. , . 5.' Design criteria ' .  ,~ . . , . . I  .,:, ' 

. . . ,  . . .  , ,  ~, , . .  . . .  . . .,. , . ., . . , ., ,. . , . . , .  . , . 

6 .  Structuraidetails for spillway :and dutlet 
I .. . ......... .,. :.f . facilities . , . ,.. ci. :. , 

, . . . 
., . 

>,,.,;;,, .,>: ; . ' 
. . , t . .  

n 



.,., - 3.2 6 EROSION. SEDIMENT CONTROL: ... . : , .. : ... 
. ,  , , . , . . ..,:~,;;&.;',,. ..., '. , , ,  ' . ' .  . . .  ,. . -  .. , . ~, ' , . , , '  " ' 

An erosid;n sediment-control .plan >must ,be.approved by the -. 
~ngirieer of Public Works for -:all~land..alteration:cactiyiiies 
unless exempted (see Chapter 10). A .  activity requiring a 
grading , . . .  .permit,. shall .include an,,erosion- and- .sedhent control 
plan:. -. .~evelopment of :,an :erosion ~:and.~sediment,,~control plan 
shall:: be. c,onsistent,' . with.., .... criteriai,,and, procedures,,presented 
in. chapter.,.l0~ ... _. . , .  . .  . . . . : ,  . . I .  .'..',.'.: .,:i.-:?~f;-:.. 

. . ,  
, . . ,, ; , , . " . .  .. . , i '  . . . :;. , , , , > , . , A  .: : '? ' .:., " ..t.z:: 

Plans submitted 'to' the Ensineer of Public-Works for - 
approval. in ,the building.,, permit .,process~~shaIl::;;include an 
erosidi.and .sediment control. plan, :unless-& iand !disturb- 
ance' activity is associated with the 'building. 

. , .+. , i :.: . , . :. ,* l , . , . ,: ,:.: , ' I  i..i::. : .". 1 

All' kubdi-&s$on submitted to :the,- ~ngiiie&ri~of Public 
Works forlapproval shall include an erosion-and sediment 
control plan,., . .,: , : . ;  . . - , .,., . , . , , . , , . ,. . ,:~ ..iii.v :.. . . 

: ., , .,. ,, ,...'. . . i:,.:,: r ,, 1- ,, , ,, .. ., 9 ,  .::. < t,.:**",%~8. ., 

~r6si~o;" and' sediment control plans 'required for sin- 
gle,.~residential. . . or -.commercial ilots.:within,~subd;ivision ,develop- 
ments . ... .-,,~his';ddes, ,not .:relieye ;the ,~.b~ilder:~~9rom:;controlling 

' the:!,erosion:-of . , . ~  , ,  dirt, ,rock., ,debri.s:,.:and:,building,,,,mat.erials 

(2 
onto public or private propertx,.and .into~drainage:.:s~stems 
and streets. The builder or contractor is also not relieved 
from,.. any .fines or:penalties. that,.may; -be iss~ed~~agkdnst 'him 

r" for ;,violation, :of. City; ordinances restricting~de~os-its of 
deb;ris o n  any street, alley;,. :or public grounds;. within the , , 

City (section 20, City of ~untsville 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 control plans: 

1. A complete plan'of the proposed development at a 
(? 



, 
scale no less than~.l inch:~100 'feet.. .This plan ., 
is to include existing andpro 

1 s  no, greater.: than.2- .fee 
chmark required'. . ,. :. 

. . . . . . .  . . .  . . .  ,. , . ~  ., . 
g and proposed building 
anddraf nage structures 
asins, "manholes, .juncti 

pipes, culverts, cross drains, headwalls','.~outlet ! :  

facilities,, and sanitary sewers. . . ,  . . . . .  . . 
I , ; * .  ( , , ,  , ., ." . , ,  . . . . . . . .  . . . . .  , , ," -(;..., ", , !,<y; ,., . ,.,. . . . .  . , ' .  ..; , >. " '", 

3. .:,bL:.Any proposed idrainage !improvements such.'as . chak-: : 
- , .  . . - -.-!neEs, ditches, .:drainage'rpipes, - :and ~structures.,.:..!, '. 

, 
, . ' I  . 3 .  ,,, .A  .;.:- F . 2  .' . , ,  . . , , .  , 

4 .  All fill areas indicated as such, w 
. . 

'.., and..elevation~ ..indicated .i 
. .  . . . .  / 1  : . . .  . . . .  , ,< ,  ... 

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

, . ,. . ~, 
. . , .,. . , 

. , ; ' 1 , ;  
. , . . ~  , ,, :, ,$,!&j r,,:,~?: i{<':,; ,<:. !,";::a 

, , 

brary erosionLand ,sediment',- controi'mea~ures 'to 
lemented ..during ,,construction;:+::Tncld&ing ka' ; ' , - < ' I  

equence,:schedule-* f or! t 
rosion control :plan; . . -. :..j.i:.<&:. ~?>:!;#;.: 

, . . , . .  ... .... , , i  ' + . ' ,  . .  , ,,;. * :<. ..*.... 

the' builder or .c IT: i?s@?to :*;* 

,;. ,keep ;constkction materials, inc1udXng"'di'fi'; --mud, 
.;,.and debris , off . the streets . . . . . . . . . .  ........ ;:'< :,.' '-". 

, , ,. 
, , a  . . . . .  .: . , 

, .  ' 
; _ : , ,  ., .. . r ; r ; , , , ; , . y . .  . . . . . . . . .  
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. : ,  , ,, . 

P . 3 .3 FLOOD ELEVATION'm -FLOODWAY - DATA ,:. :.. :- - -3':. 
; ' ,: : : .,: ': . . , . .  : : : ; . ,  . , ..i '" 5. , . .  , . . , , .  A ,',;>'.,>:< ,;~.:*: .. .; h.~!,a.: 

u . ,. . . 
3 .3.'.1. : m, FLOODWAY . ;.,j cr! , , . , r.. ,. ,,>, . ,.. ,- 

. . .*. . .; I"t(>" ,' . , . ,. ;.. i. -.!:.. , ;..i::, : . : . , . p  . <.i , 8 . ' , ,  , "...;..,:<b:~!::,: ; <.~ 

bouh$a~i&"s:5s":il*i>. The1~FEMA~~.Floodwa~.. dndrFloodwa~~~Fringe~~Distri~~~~ + 

are~~estab1ished;~on. .the: mapskentktledi. .Flood'>.~&~&&1~&fi& - "1 C.i;< I 
. . 

Floodwav MaDs , Citv of HuntsviPle ,'..Alabama ,?~a&isbn':*c6unt~"'.. 
(Community Panels 010153 0001-0050), composed.of the 
f olkowing.:panelsr issued bx:..therU,.:S..':- Department! of:, Hduaing." ". 
and ~rban'j~evelopme~t,,: Fe&er&';:1nsuranc& ~inistfation!:':.:~Yjj.j, '". . .., 

" ,i <" :, .:.d f .. 1 :,;$s:: 

Panel Number 

10, 15, 20 and 30 

Effective Date 
. , " ; . j , , " j ; '  ' "1 ) ' *  , . , .  2: : , , . , ,,, . 
Nov. 1. 1979 

':25, ..35,:, ,4O.,--and:.50.::;., :, ; ,~  

., . , '  .< .$. * ., 'C, . ~ , . ,  ' , ,.",, - . , , , ., .:. .: ,.,.,.: b . ' " : , . !  : *: , * *.,* >',+$. 

~nformatibn ..pertainingi to,.. the deve of ..these,' maps is:,:: 
presented:.im ,the ~loodi -Insurance Studv I(FEMIL,.i li9 85:):,-.'whlch::8:: 
covers the incorporated area of the City ~ofl Huntsville;.:' r,:.. .:::ji 

. . :  Madison County, Alabama,,excluding the Redstone Arsenal. 
,' . , . .  +..,,,' ....,."' ' G  .." " , , . iL:" ' : ' ' . :  ! , , , . . , ~  

, ., :? : . , *  , ".  , . ,  . ,' a$,;., . 2 ,',?.IA,? :.,' 

. - Floe$ elevations: and~..floodwayr.~limitst rwere: deve1oped:'f or:  the:: 
f oll~wi,ng streams , ,using:> detailled-;methods,: . !!s.t:,,+! ::. e..tY! +.?t, : i 'b '  

, ,  , ' ; : i;.. I, .::: ; , ; I :  :. . : ;.: . , ::~?;~;,{;;i.jc$ . ,',,! ~:l,.) ::,-.:; !,. '.;& .;, .:, ,.~,t . 
, . ?  . ,,, ,: i. : ,-: pi,. . .. Stream.,., ,;,. ..,. , L, ~;.~,. ':J:.rt.li : !,,f, !; .:,e; it<4Miles:::'y :,;- ;;::?? 

, ,: .'; ,, ."! :> , ,;.,<;f.:*? :,<.. ,.!.?+"*<A 1 T,,*l;i~ 

Tennessee River 332.00 - 333.47 
amed.r.Tributaq~ :! ,z .%:. :, J? i . i ,  ,2,.;s,;'c~ .;.zfj:t 

ennes see: Riveq?.,t;: I::?.; ' ,  . 0: 63,;- 3,,201- 
ridge.: Creek 'l,.;~., : : :G,. , 2,.10~.~~:.10.04: 

ntsvi1J.e Spring., ..: 9:w75 -!*lp,.64 .. 
nhook~ Creek:.:.,.. :;; : : ,-:. 54.  64e,1;,?,19:.03 
ast: Fork: Pinhook.. . , .?ro:oo ; , -  "0;gg: 
Blue,Spring::..Creek '... ..; :,;, . ., : 

. Dallas:,,Branch,..j:y .;...,. a , r ~ i .  . . ! L :  . ... ..-, - O~.IJO..~ 1t77,1 I 
: ,  : ; Unnamed: Tributary., to; pinhooki::..:; . ;. >.,.,. ::t .<.;.:;cS,:i'!: c?..; .i? ,,,*.!,<:.: 

, , . . ,.: .:;..<creek; (Daklas. Branch Bypass ) I .  : - j  . .. :.,! I , . ,  Oa.~OO-.!~r.il. 33% 
. . . , . . :Fagan.~Creek..~ ;: - . , l r - ,  . . . : ,.? , , ; i~. . ; . . ;  ,::.:.r. ~:0:00~,.~~*~1:.3~r 

Broglan Branch , .,,,, . ., . *!. ..,.$ A ,. . ~ ..o:.oo,:-~~ :522 
Dry Creek 0.00 - 0.86 

, , ,.KcDonald~Creek .,.: ... :, \r:~i!.i:...,.,, , :.: . :  .. : ,.. ,, .: i . - a - ; , .  3 . 67" . ; - : I  8733;:: 
;. - .,.: ..Unnamed+,Trfbutary. .to; McDonald :Creek.,.: r :  .O ,01, -.:I., 00:. . . , . , . . , 

., ,:*Sherwood.rBranch -...:t ;. 0 ~ ~ 0 0  -..33i:52:8 
:,, .: .. Indian,; Creek ,.f: 13.08r!- .16;;6.9. : 

, ,.. . Betts!-~pring.,B :L:. 2 .26:,.-#:.:3 ;50:: 
-. . . Bradford.;~reek> :..! i , , . . .  .. 1.82 ‘-:,.2;:96 .; 

. , 



Approximate. methods* were used: o n  four. ponding lareas in the 
west-central Grtion of the city, on McDonald Creek upstream 
of mile 8.33, in the ponding areas west ~f.::!~dmore~iHighway i 

at Brandontown, and at the point where ~riana Boulevard 
nears. Southern ,Railway.. : These; are as^ 

Table 3-1. 

. . - 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.,£ lood elevation -and f loodway. data..as 

i documented in: a. Flood :Plain .,.Report, .when,:,the .pro ject"*i 
I greater,: than' 5 .  acres.. .: : , . .. 4:; , .. . . , . 
I , . .  ,~ , . . , . , . . ! . .. . . . . , , ,: , , , . . . . , .: .. . _:  , . . , I  ' . i  ' 

I ') In addition, a Flood Plain Report shall be required for 
I areas. outside unnumbered:: A zones.. or areas:, noC:covered:;b* the 

FEMA maps when the stream 3 has:: ai drainage areasof :TI ;square:-a3 ~ mile or greater. Approximate methods for flood level 

i determination may be usedif approvalis.,granted by the 
~ngineer of Public Works. 

0 
.. , - /  .. . . 
, , : .' - . .* . . , "  2, 

The Flood Plain Report shall document-proce 
data and provide plan and profile maps$-with-,flood.i+~elevations ' 

and.,floodway:limits. Regulatory flood e1evations:and 
floodway lhnits shall be establfshed.using~peak~:discharge 
ratesibased on existing conditions under::~currenti~ionf.ng 
classifications..   he plan view:, shall ,show, the:-'floociing 
limits for 100- and 500-year return periods,"floodway base 
line, cross 'section stations, and.adjacent'boundaries. The 
profile should show. stream'..invert, . cross.~.sectio~:i6tations, 
and computed water surface-4elevations. ;The.::reportl,should 
a1so:showithe drainage divides on the p 
zoning-categories used. 

.,<; : , . ,  

~aseif loid. elevation and f loodwaa data 
applicant. for areas, ,p reviously ... wi?tho.ut~~~such~data~fir~or~~where 
channel improvements and/or m~tigationr?measures~~~:res~~t in 
changes ,, to;:reported in£ onnation, shall be:ireviewed;::by the 
Engineer;.iof'Public Works and, if acceptable,:*shal~:be pro- 
cessed for adoption as regulatory ,£ lood iplainf'maniigement 

A, 



. . HUNTSVILLE-SMM ...... , I  ,. -. pg 9.1' 
, .  . . . . .  . -  

c . . . .  data. When the base flood :elevation,,,and: f loodwax ,,data 1,; ,,.i, . 
submitted by the applicant result in a deviation .;from the 
data presented on. ,.the.-FEMA, maps, ", such. deviat.ions.ha~.become: 
official f ollo,wing,,reyiew,,,and; approval :.by..i.both:~the:Engineer-. 
of Public Works .and FEMA,'.ifc,,required:, (iiie.:i ior:î ginaL:;infor- 
mation applies until revisions 'are approlied). 

, , , ,  . . ,, , , n'; . , , .. , . , .  ~. 
.... , .*:, 

,, ., ,: ,. 
" . , . <  . , ., , 

3 .4: . , FLO0D.i .PLAIN . . . .  - .  . . . . . . . .  _ , .  , , ,  . *  . , 
. . ,  5 i ,, . . .  r :,>.;. 2 -  . . . . . . .  . . .  : ~>,>*. 

2. '' " 
, , ,  

3 . 4 . 1  ZONING ORDINANCE 
' . - , 6 v ri.!:wJ:: .. .-*~ ".*,.~.. ....... ........... . 

Uses permitted within the flood plain shall be in accordance 
with. Ordi.nance,No.. 87-269, asamended:, Article:,62 of :the:,ri.t.,. 
Zoning. ordinance of :. the City of. .Huntsvil.le,~ &l.abama:j~,~as: , .+i: 

, . .  presented in.:.~ppendix. 'A.,:, .-The ,regulations~an& controlsi.set .... 
forth shall be applied,within- the areasi.;desiQnated byl, the:;;:.. 
Zoning Ordinance. However, nothing shall prohibit the 
application of 0rdinance;,~o.,~:.8~-269~;~!as amended, to lands 

: that can be demonstrated by generally accepted engineering 
methods..:to 1ie::within . , anx.:<f lood plain-. :.;:,,:;--.; . ~ : : , . ! Z . T ?  J:, ':.: . ::- 

, , 

. . , , , j . . i , - ,. ' i . .  :t: ,:,>.*+; ! :,;iV{.:;;,. ,. ,Lj ,,., :.~:,: ,!:.? :., :: . ,',?:>,a:..';.?: $:vd.t~~.:, : .-. ,>A">,,<:, ,La:: . . .  . . .  
Under,. the i...Zoning, Ordinande ,it :shall:'be: :unla&ulrif ~r~an~:.;.!~;;~ 

C firm, ,: or~~.corp&r&,tion. to.. carry,, out, &fiy;,(miniinfl :;;k.i.- i :$r,r'! 

filling.,, grading.,.\.,; 
in,?an;,area designated as 
Fringe District-(seeSec 

. obtained ...a:ipermit .f or-;, suc ! 

Public.,-Works. . , <., . '; .,,;, !, ;,,.: , , . .. ,:. .:: .: 

. . 
property 1Les within any flood - hazard area until plans for 
such improvements -. , . . , have . . :been .reyiewed . . , andzapproved by the 

. , 
Engineer of Public works. 

. . . . . . . .  :, .', ,',. . ' . ' 

3 -4.2.; ~ . ,  . UNSTUDIED AREAS ., ,. :, , .,, ,.*:: ' a  . .  
.... . . . . .  . .....:.. .... .dl .;.:, .?,' . . . . . . . . .  .... . . . . . .  ..?,. . , , , : ,<:3 . . .  ;:,.,,.x :c i  :, ? ,:. . : t f i l :  

*,,,:! 
, , "  

. , 3, 

Development , along streams ,. not.. included ; in,: ther ~FEMA: Flo~dwa&~: 
and. Floodway Fringe,. District - stud~.~area.:,shall-::also~conformi~~~: 
to. the ,, req~trements~~of the :,~ity:of~~~~untsvillet~~onin~~.~ L: :.:J ?:-~..~:c. 

Ordinance, Article.,:62, ,~,~loodwa~~loodwa~;~~~rin~e.-~istrict~~.+:~ 
Regulations (see Appendix A), latest revision. Additional 
requirements, .f or). an,.,unstudied, area .!.or.:areas :&where ~ regulatory 
elevations and::.floodway: boundaries,.have :not.been+determined:; 
are also given in ~rticle 62 and section 3.3ri3'. .:: ; ..F..:.!i.;.~..i...,. , .. i 



HUNTSVILLE-SMM 

3.4.3 ACTIVITIES WITHIN .FLOOD. PLAINS' - . - - -  . . % . .. . .,.,. . '  
, ,.. , , . .  , ,. ! , ; .  , I , , ,  . . ,  , . . .  , , , , , : .  5 , ,  ., 

All - land development,  construction,^' and:building'-activ 
0 

arec.prohibited. within . Floodways, except.: as:rallowed by':: zoning 
Ordinance Article 62 : (see 'Appendix A);. :: , C  ..:::'::': . ';..':!.*:, ;:< . ;:. 

, . ,. " .  .,. , , , , .  . ,  > .  . , "  . . . 
, -. . . . : : . :  - r  . . ; : I ! , , . i .  . ,,,.-. ...* > .:(,>,i'.,rt.:*, , _I.  

All constructionor substantial 'improvements of any struc- 
ture shall have the lowest floor, including basement, eleva- 
ted to at least .l, afoot .above the. FE~A~-basei. flood elevation 
(see Section 3.3.1). 

8 . . ... 

3.4.4 SUBDIVISIONS 
. , .  . . 
: , . ,.:..', , , .".,., ' 

. , 
, , ,. , , ,  .. , , . . ,. . . . > ,-,. . . . . . . . . , . . . . . : . .. h,,,,>' 

Land. to be subdivided shall. be developed. in"complianc&, with 
the latest.version~~of~theHuntsville Subdivision.:Recjulatians 
except that land. located within'l~EMA Floodway ;.Boundaries .::> i..: 
shall n0t.b ji: .. . i s  .+,> I!.,? 

,;,> :.., , > i . ;  . , .J:,,.Te*2f.i :.I:,. . ;  !.t2 : , ?  

:r ??d,,, : . j.?..~t,?.,3. <{<.>,~,, .. * 

. .~ ,. . . , .$<% . , ,>. " . . . + :,&. . , 

.! If it is de t ,has;-!:.', A ":2 v.'! 

' inadequate storm sewer facilities downstream ofthe proposed 
' development and': outside.: its: tjroperty Clinesr; :the\.i:Engineeriof - 

Public .Works:,shall ,'not approve.' the;. development .until the% ::-2: 

problem- is resolved. . . "Inadequate,storm-isewer~~.fBcilit-ies ":;I- 
shall,:.mean ' those 'insuf f icient,;,to.' carry the&d&slgk f low and.: 

0 
meet :the::design:icriteria in, this ?manual and) thase?not ''-,*:j,: : ::',.' 
located .I within.:: public :utilityhnd drainage Storm 
sewer facilities shall include pipes, culverts, ' d'2tchest '-sf'.', 
channels, watercourses, and retention/detentio 

. ., 
" . .  , 

. . .  . , . . . .. ..A' ". ,,.. . 
. . . . :I -3.6 ' , TRAFFI 

, , 
T , '  ;,s,. ",', ! ; ,.,>b;.: . , .. 

The City of Huntsville recognizes that design standards 
change constantly ,and become more effici'ent and!-:.safSr wLth.-. 
time. The standards contained herein have been adopted to 
ensure that construction: ,of 'new,  roadway^:;^: recoiistruct~on~~~of: 
existing roadways ,::and+'constiuction.:of'~driveway tunouts f o :. 
existing.: roadways .~~is:~;:accomplished in a'~rnanner'(lthat?maxi&z~'s 

. .  . 
motorists' . saf ei& .,at..dnimm' additionaiicost.i id's.;:. !. *,,:.,,,..L,:~,.~ .:t.24w . 

~ ., , .. , .. " 
, , ! ' .  .,;: . . . , , : , .  , ( . :' .,.;: .' ,,q, :[.* ?,<+,$ ; :c,:,.,.,,<:.7.*:.,i~iJ'~z-;~ 

clear! zone dist&ces.?data. if~om.;the:~merkcan~:-~ssdckat~on~~6f r-:.i.t 

State. HighwayliTransportation :-Of f icials .%. (PiASHTO,,),:,!( 1988.j. 5 are : .  
t , ,  . . ,  . . ~  . 

,. , presented in  able 3-2. .. ,.., , ;, . ,. . .! . ,, .. ., - , :. p i  . .:..I . .*,. <,.+': :: 

. , 
gnR370/024-0314 3-18. . ,  . . ." ' . : 

0 



Parallel and transverse .pipes and culverts, and. . drop , .(. inlets .,.. 
" , .. 

are common drainage%'sxstem elements that'khkll be designed, 
.. canstructed, and maintained with. both hydraulic ,e  f f iciencyi,, ,; - 

,$ ,.,,.<. ;*, ,. . : -, ",:.",,,.:#.::.A><'>,., < - 
and roadside safety in mind. 

'.; t, . . 'j .-;;.*.!:, :, 
In general, the. fo$lc&ing, 
pre£erence , j~ ... ., , , are. 'dpplicab 

. . . , , . ,  ,.,.., 

'. , . :  - .  . : ,  , :  , . . >  

,.,.I(i.A . i  1.. . ., errant kehicl&. 7 . . . ,  . .,I, ~. .... ' ~ ,  . < . > ' , , '  . . . . .. . . 

3 .  , If, a major drain 
' - or relocated . . .  . 

,...,, barrier :'&£, . . * : ,  . , . . . , .  , ,..., ',. ' '. 
,. . 

The rest of this 'secti 
: assodiated I i .._ I, with :$i-pe$, 
- recommenidations ~conceming.,.the"'loc 

f eaturGk' ).' t i .  1 to improve'their ,safety d 
adversel? affecting sheir'h$ra$ii 
inf ormat30n"'presente&appiies , .  'to'a 
projects . Typical 'con$t~ction"de 
traf f ic-saf e drainage facilities a 
standard drawings . , ( 

., x L r .  *,.:';t'. ~ . . , ,  

3.6.1 . %.:. ."~CROSS-DRAINAGE~, . . .  
~, , . ,. 

.,> .: > . , ? . , . ,  

Cross-drainage struct nea-bh' th&l"rb;adhy' e& 
concrete or corkgate 
crete box culverts or structural plate pipes , , ) ,  with, . clear . ,,? 

spans of 10 feet or more. The potential-. hazard 2s epkhr. h".' 

: : .Shielding the : 1s 
, . i :..I:". , ,, ,. '. . , a .  ..,, .. . ,  , . .  
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. . ,  , .  . . . . . . . .  i . < '  
Each of , these options' are discusseh,below. , ' , , l  . . . . . . . . . . . . .  a .  . , . . j ,  : 9 "  . . . . 

. , 
. , 

~ransversable '~esians- : 
. . , . .  . . 

, . . . ,  

The design engineer should attempt toproyide embankments as. 
smooth or. , .  . transversable , , as practical' for' d : giben f aciliti;*." " 
Transversable; non-recoverable slopes' should' be 'roiinded 'dt ' ' .  

top and bottom and may provide a relatively flat,runout area 
at the bottom. " If a '$lope i& gen&ally 't~&sv&'ksible, the 
preferred, treatment for, an? cross-drainage ,.at,vcture is to 
extend ('or, shortexi ) ' 'it to intercept the roadway: ,embanknient 
and to match 'the inlet 'or' outlet 'slope.to~,~th'e;,einbanlanent 
slope. For small culverts ,- no other treatkent'L$s"required. 

. ,  . ,  . . . .  
Single structures and 'end treatments, "idertiiai: , . 36 inches 
can be'made transversable for passenger' size::vehidles by 
using bar 'grate's or ip'ese't;d reduce.the clear' 'opening width. 
Figure 3-1.shows recommende 
automobile: and, ;is based on' .i, to not& that, 

':, the ditch or'streambed area' 
culvert must befairly transversa 

' is to have 
grading- :wiihiti' .the'right-of - 
satisfactory' runout path. 

. . . . . .  

Q 
. . .  

, ,, , $ ,  < , ' * .  ' . ' <  1 . . . . . . . . .  ... li' . : .  
For median drainage where flood. 'debris is noca concern and 
mowing operations are frequentlx required,,*.much . # /  . .,/ smaller , , :, 
openings between bars can be ,, to?erated .''Figure. 3-2 "khdws' a'' ' 
median drainage inlet. design that can beused where cover is. ...... . . .  ... ...  F: . .  ~ : ,,, .? C 

i insuf f iczent: "toto: constnict, . .~ a I drop inlet. . . . . .  . . . . . . . . . . .  directly i , : 'a .  . across, ...< .. the a ...... . , . :  
i cross-drainage , pipe. . '. . . . . .  1 . .  : . : ; *  . . .  .;. . . . .  . . . . .  . . . . 

. : . ,  ,~ .. , , 
, . .. , 

, ,  , : , , , .  , : . I ,  ' ,  . , . . , ,. 

~xtensibn af' structures . . ~' ' , ' ' . . . .  . . .  . . , . 
. . ' .. , ..',. . . , I - . , ' ,?,< { ,$ 

, ,  . . ! , .  . ? !  ..,., :.. ' " '  

i For intermediate i sized, pipes and. &i~ver,t's < .  . . . . . . .  f ; &: . . . . .  ,"h,ich:.i,kleti'. . , ,  ,.> :;)*,. 

and' outlets, cannot, reaciily ' be made t~ansversable',. t I, , , . .,> ., ,,,: -the ., ,.:a . $ ! ,  , .!(,,, 

structure can be exte&ed.($t ,or.'jlist':be$ziridl'ihe , . 
i( appropri;ate ..& (,.( ..~ : . t :  

i clear zone. Xiowever,' the "extended c k l ~ d h  headwall' &ay 
1 become theonly significant man-made fixed, objest ..... ... hazard 
i .,,:::,, 

immediately at ,the edge' of theciea~"~one'"'a10n~ the section 

I 
of roadway,!under,, design. In that". case and. if ,the .roadside 

, , . ,  , 8 . .  : I , . :  l 'i ~ is'generafly transvers'able to the righ?lof'-way'line 

1 elsewhere, extending the culvert to the edge.,of. ,.: .,> ,,.. the clear 

I zone may not be the best alternative. :'~his':is' particularly 
I 
1 gnR370/024-0314 3-20 . . . , . , . ',:. , , ,  
i . . . 

0 
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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 inletloutlet so 
' Z . .  . .  . . . . . . . .  it is no 10h~er.a . ~ fixed object'hazard.: . . .  , . , .  ., 

: ., . . . . . . . . _  , >  , ~. . ,. , . ~ ,  . ,. 
. . 

I .  
, , . , .  , ,  . 

. . . . . . .  . , . .  , : . . . . . .  ., .. . , 
r ,  .. ~ 

Shieldinq , . 
. . .  . .  . . .  . . .  .. , , , . L 

.~ .  ,. 
., . .  ~. , I . . L  . .  \. . , . . . , .  , .  . 

~a jor drdinagd structures 'are, cbstly: to kxtend and oftdi; , . ~: ' :  

have, end:'seceions-' . . .  that cannot' be, made trans-versable. : 1n " ; ' . 

such cases; ' shielding with; an appropriate, traffic barrier : 
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 hit - thak .a shielded., 
'culvert located,further from the traveledwax. Neyerthe- 
less, a properly, designed, instal'ledi' and "maCntairi&d barrier 
system 'may provide :an. increased . ~evei of safety f or'errant.. . .  .*: . , ', . ,  , . . . . . . .  . . ~ , , .  ,. . ,, . , . . . .  . . ? 

'.-'"otorists. $9 
: ,  , . . . , . ,. . , . . ,  U . . , , , , , . , ,., .., . ? '  . . 

. * 

, , . . .  
Parallel , or side drain'. culverts , . ,are t$icallq, used. under! 
driveways, field . , , , entrances . . , . , ,: access' ramps', interse'cting ~ .. < .. side 
roads, and median crossovers.. , . .  ' As withcross-drainage 'st&c- 

.*,, . ., 

tures , the designer's. primaq, concein should"bepto ' design 
generally" transversable 'slopes and to ,match -the .culvert , 7  

opening with adjacent slopes. Embankment slope st ha^ can be :?? ..: 
struck at 90 degrees, by 'vehicles run off the road shouldibe '"" 

'constructed with 6 :I:: sloies or :flatter for locations, 'suscep- 
tible -to high, speed 'impacts, : (speed' limit, areas ' of 40"'mil&s , . .,., , , 

per hour or greater). On 1owvo1ume"roads with low speed 
limits, a 3:l slope or flatter shall be used. With these 
guidelines, safety treatment options are similar to. those 
for cross-drainage structures. The designengineer . . .  involved 
in the design of parallel drainage features shall~minimize" . 

, 

,' 

- the 'hazard of' the, drainage , ,  
. .  'structures by using one'of the .': . ..... . .  .. 

, ,  * .  ~ . . . . .  . . . .  , . 
, . . [ :  I ..>. ..: 

following methods : . ,: . , 

. . , . , ., . , . .  ,, . ., , , . . . .  
, , . , .  , " - .  . . , . . , . 7.r- . , ,  

'I,.' , ., . , ., . ~ . . . .  
' - 1.. . , ~liminate the- structbre. .' , . . ~ 

, , .  . . . . .  , .  . . ., ' 2  . . _ .  . . . ,  , , . 

, , .>, . , , , . . .  . , 

2. . . .  use' al.'t=ans~e=sable design.. . . . .  , , ,. . , , . . . . .  . , . ,  

. . .. , 
. -  

, .  . 

3 .  Move the structure laterally to a less vulnerable, 



HUNTSVILLE-SMM 1991 - 

. . .  . . . . . . . .  . . . . . . . .  . . .  
4. Shield .the,stkcture. 

, .  , , ,, , ., . . .  . , , . . I . ~. 
. . . . . .  . . .  . . . . 

~~iminate the,' structure ' :. . . '  . . . . 
. . . .  . . .  . , ,, , ,. 

. , . . , ,  , , .  . ~ '  
> 

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 bq: , .  , , 

constructing an overflow section on the field entrance, 
drivewax,: intersecting side road, or median crossover. This 
treatment will be appropriate only at low volume .'focations ' 

where.it doesnot decrease the sight distance:available to' 
. . .  

drivers entering,themain road. 
, ~. , . .., . ,b . ,  . 

, ,  , . . . .  
EmbanGenti sheis be designed with consideration given to. 
their ,ef f ect on 'the roadside environment. 'Parallel ;drainage 

.., structures shall match' the selected side' slope' and sliall" be. . 
-& . . ,  -?made transversable when they are located in a vulner-able 
'!!.position relative to main road traffic. The addition of 
i: pipes and bars parallel to traffic 'can preventa'wheel from 
catching in the culvertopening. The bottom bar or pipe ,, 

should. be set.: at a maximum -of "4 'inches above, the culvert . . . .  
invert.. A possible , transversable "design: f dlr 'paraliel . . 
culvert is shown, in ~ i ~ u r e  3-3. . When ditch grades permit, 
the 'inlet end, Gay 'use a drop inlet type design' to reduce the 
length ofgrate required., .' , , I '  ., , , , , .,a 

, , .  .+* 
. . . .  , . :;.r 

In ,.loc5ations +here,. headwater depth. ~is,'limited,a la&er 'pipe 
should be used' 'or. the parallel drainage. structure. mae be. ,: 

. .  positioned outside the clear zone. . . .  
, .  , , , 

, . 
Relocate the'.~tiucture ., . , . , . .  ... 

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. 

Shieldinq 



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). 

I. . ,  . , ., : ,: , , , . .  . 
' , 

, ' -  '3.6.3' DROP 'INLETS 
, , ,  

. .. . ,- 
i ,  ', . 

s .  , ,. , ,  ~, . . ' )  , 1 . ,  7, '., 
t[ ;.- 

I .  I :  

Drop inlets can be c ed as on-roadway or off -roadway 
structures. On-roadway inlets are usually located on or!" 
alongside the shoulder lof a street or highway and include: 
curb-opening, inlets, grated inlets, slotted -drain in1ets:;or 
combinationsi.. Since on-roadway inlets are installed flush 
'with 'the pavement surf ace, \ the$ do not constitute .a hazard. 

, . 
to motorists. In:addition, thdy mustbe capable of . . '. 

supporting vehicle wheel loads rand present no hazard to . .. 

pedestrians or bicyclists. 

,q "a Of f-roadway .!drop:'inletsi ares used' in medians of divided : ' .  : 
.... a rs .roadways and som6times' .in:: roadside ditches. . ,  They 'shall. be 
;: designed and located to. present a minimal obstacle to errant '., , , 

'r motorists. This can be accomplishedby building them flush . . ,  

with'the ditch bottom or slope on which they are located. . , 
. , 

No portion of the design shall project highenough to cause .,. 

vehicular snagging, obstruction, or instability. , , 
, . . . 

,,. . > , ' ,  . , , . ,. , , 
I#. 

. The ~pening'shall. be treated to 'prevent a lvehicle wheel: from i, 
, . , .  

dropping intoit but 'kless pedestrians are a consideration, 2 
.. L 

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

, . 

design for a smooth -ri;de-over the inlet. It is sufficient. 
to prevent wheel snagging and the resulting sudden , , 

deceleration or loss o'f control. 
, , 



Table 3-1 
SUMMARY OF PEAK DISCHARGES FROM THE FEMA FLOOD INSURANCE STUDY 

, . .* ,* ... , ~.,'.. 
~ - ..+& 

Drainage Area Peak Discharges ( c f s )  
Flooding Source and Location (square miles)  10-Year 50-Year 100-Year 500-Year 

Tennessee River 
River Mile 332.53 

. . . . 
. . . . . ~ 

. ~ ~ . . .  ,. , 

Unnamed Tr ibutary  to  Tennessee ;' . . . . . . . . 
. , , ' .  . . . ,  . . . . . ~ 

, ,~ 
River :; : .  . , : . . . . , 

. . , .. 
~ ., . . . . 

River Mile 0.63 6.78 . '  . 1,890 ' '3,090 . I  . . 3,690 1“. '4,970 ~. . 
River Mile 2.35 .. " . . . 3.91 . .  ~ . .  ' 1,350 , " .  2,080 . .  . % 2,400 ; 13,240 

. . 
River Mile 3.68 .' 1.67 .~ ' : 700 . , 1,100 ' : 1,300 

. . . .. , . , . 1,700 
, 

Aldridge Creek 
River  Mile 0.00 
River Mile 6.62 

w River Mile 10.04 

N 
e ' ~ u n t s v i l l e  spring Branch 

,' River M i l e  9.75 
River ~ i l ' e  12.25 
River Mile 13.93 
River Mile 14.54 

Pinhook Creek 
River Mile 14.68 
River M i l e  16.33 
River Mile 16.98 
River M i l e  19.07 

Blue Spring Creek 
. River Mile 0.00 

River Mile 0.98 

Dal las  Branch 
River Mile 0.00 
River Mile 1.71 



Flooding Source and Cocation 

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   ranch 
River Mile 0.15 
River Mile 2.70 

u River Mile 3.52 
I 
N 
VI Dry Creek 

. . p i y p ~  Ejle o.QQ Pin! 1-02 , . 
. . - - .. ., .. , -, , >..% <.' t - ' c  <:<:!<. 
kcDonald Creek 

River yile 3.11 
, ~iier ilile 5.16 

. . . . kiv@r;,~i&=~6.,56 
River Mile 8.26 
i , , . ; .  . : '. . > . .  . 

~nn?~ed;~=ib"ta$~ .,i , : , .I to McDonald 
, ~ 

cregkCI : .., . 
~icer Mile 0.02 

Sherwood Branch 
River Mile 0.00 
River Mile 2.28 
River Mile 3.52 

Table 3-1 
(Continued) 

Drainage Area Peak Discharges (cfs) 
(square miles) 10-Year 50-Year 100-Year 500-Year 



Flooding Source.and Location, . . .  . 233 . ' .  '. ~ . , 
Indian creek , .,. .:.:< 

. . . . . . .  River Mile 12.80 . ... 8. . .  : . .  .: . . . .  . , 

Rivei  Mile 17.52 
. , 

1~: :.,, ;.<. ~., ,.,:-. ' ~~ 

BettS: ,Spr$na,~Sa$ch 
~ i y e f  i$;e 1.2'2 
~ i v e r  ., .: %:#>. Milp . ~ ,  . : 2.90 

; ' .--. ' , i -ac. 
~ r a ~ d f o r d  Creek 

Riyer ., - ; l . .  M i t e  ii , .; 0.85 
diver Mile 3.12 . . M ; . T I : -  ' .  . . . .  

'.> . ,-.;.~c-c;: 

Table 3-1 . . . .  
., . :.$*J ' , , (Continued) .. - :; . . . . . .  . 

. . . , . . . . . ~ : ? . :  . . 

Drainage ~ r e a  Peak Discharges (cfs) 
(square miles)  10-Year 50-Year 100-Year ' 500-Year 

.. - . . . 

.. , . ,~ ~ 



Table 3-2 
CLEAR ZONE DISTANCE DATA 

L 
Clear  Zone Distances ( i n  f e e t  from edge of traveled way) . . 

Design Cut Section -. , -  ., F i l l  Section (Unrounded) 
Speed :. Average. Daily. 3:l 4:l t o  5:lS ..-;-.6:r or , .  .. 6:l o r  4:l t o  s : ~  3 : ~  . . ! T r a f f i c  Slopr;.\ 1- . ,Flatter-  Slope! F l a t t e r  Slope .....~:SIO~K.~~. "..1510 .:,.A ea i 
40 . ' under 750 7-8 
0 ' 750-1,oOo' .-: $10-12 

< ' L e s s  .; ' : ~ , 5 ~ ~ - 6 , ~ ~ ~  ?7'"' 12-14 
' ' .. "' . . , , . ' Over 6,000 j . ; 14-16 

, , , : : :  , " ' , ,  , . 
, ., > 

I . . ' tlnder 750 8-10 10-12 10-12 12-14., . 14-.18,5,.:, #::,. **-:; ,,,,,, :..., . 
! 55 , 750-1.000 10-12 14-16 16-18 16-18 . . . . . .  20-24. ..... - - A:. .... t 

1,500-6,000 14-16 16-18 20-22 - 
20-22 . ("1'24-30 

.. , . Over 6,000 16-18 20-22 22-24 22-26.,>, .,.,26-32 ,:,..,: -. : ..,... .. 
r ( . .  ./: ~-,;.,: -. ...:.. ..!,.% . .... ,: ..... 

'. >.', ,.'. 
Reference: American Association of S t a t e  Highway Transportation ~ f f i c i d l s  (1988). 

. . , . , , ~  

, . Note: Clear  zone is defined a s  a ' roads ide  border area,  s t a r t i n g  a t  the  edge of the  
t raveled way, ava i l ab le  f o r  s a f e  use by e r r a n t  vehicles.  The c l e a r  'zone'should not bk".'.' 
viewed a s  a d i s c r e t e ,  exact d is tance,  but as t he  cen te r  of a z o n e  t h a t  should then by,:,,,,; ~ 

analyzed on'a s i t e - spec i f i c  bas is .  . ~ , , ,. ?:,, ., . . .  ' '.,;.I . > .  ; ~.,,;, - k  ; . . . .  ...<C?,.>, ;,L.,:> <,>j.?$.? ? ::$ <.., :,,;g,,. , *> ,, .?,,w , 
l n c e  recovery: is l e s s  l i k e l y  on ' theunshie lded,  t 'ransversable 3:l slopes,  f ixed object; 
h o u l d ~ n o t  'be-present  i n  the  v i c i n i t y  of the  toe  of those slopes.  
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. . 
1 - Pipe.or Box Culvert > , ,  . ,  >~ . . ., 

Example Sately pi+ Run'mr Sizes : . j # . ,  , . 
. .. ' ,  

: . Safely , , . . ,,, . , 
Span Length Pipe Diameter . . ., ' i I , .  . . .- . 

(feet) (inches) 

., . . 
. , ~ .  

, ' Each 30"Maxirnurn . ' . 

, . 
, ' . . .'Runners 
. . , ' . A ? , .  

I, 

. . ]  

'Ir-------l 
24" Maximum 

PLAN 

SECTION A-A 

. . 
. .. FIGURE 3-2 

Transversable . .. . Median Cross Draios for Insufficient Cover 



FIGURE 3-3 
InleWOutlet Transversable Example for Parallel Drainage 
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PART 2 - TECHNICAL INFORMATION 
Part 2 of the Huntsville Stormwater Management Manual is 
oriepted,,to the technical concerns of designers and 

, i.'."'! \ " . <i\ :.. 
. buclders'.i The following chapters are included in Part 2 : 

,*i;,g .'. .' ., 

is 
.~<., , 

t; ;$y&j 3 ,?&%L:;:;, , ' ,  
, . ,. ,.:. Hydrology .. .,+,%~q,cF5.3v~"".ppenl Channel Hydraulics ; $!, " ' '  

,, ,.':,:;;? :,& k,;? .) 6 3 a b ': ,: >' . *.,. ulvert Hydraulics 
7. . Gutter and Inlet Hydraulics 
8. Storm Sewer Hydraulics 
9. Storage System Hydraulics 
10. Erosion, and Sediment Control 



CHAPTER 4 
Hydrology 





TABLE :OF CONTENTS 

Cha~ter 
.,>. . E,"" 
: .>.::. ... i . .  , 

4  Hydroloqy 
1 Procedure .:Selection- .;. > .  !, :, ;,. ; ax:;j?#: 
.ttj:ih )4:42!. .~~etographs;~:~..: ( ,.,A: A; I;:!\;:.,;.: , . *  . I . l ,  . 

... :: c 4, 4 . 2 . 1  Design Storm Data ,.! ,,;:<, . ,?. ., 

4 . 2 . 2  SCS Type I1 Storm 
r.;.,:c2~~.2 .4..,2..3-: . ~ a  lanced-;:~tom;t ,), .;  T IS,^,^$: 

, . :i 4  : 3  c: Rainf.al1. Excess 2:) :>tj ,p:. ,a 9 :i .5,L);~ ,:$:,! 

4 . 3 . 1  Runoff Coefficients 
: r  4  .3  -2. . SCSL~Cur,ve,,   umbers . ... 

,:,i. , : .. 4..3:.3.: : ~xam~le&oblem~ " 

4  -4  '~ime of Concentration 
!, ,: ;. -:i.;a, ,. 4  .. 4...1,' Overland. Flow,., ri:,i : , . ,i,iii. 

4.4.2'  shallow Channel Flow 
,,, '. tt 4.4..3 .;;: Main Shannel Flow, -.: I ;::; 

, , 4  .'4.4 Example problem 
: . , , ~- ,. : 4 .  5  .Peakt:Runof f:-, Rates:, ,: :. a :<.;). r,.,: .::,:,,,,:, 

4 . 5 . 1  Gaged Sites 
,:...:-,.p 4.,5. 2 .  ,: XationaL::Method ".,,>;,,. il.s,a,A re;  

LY: " - 6  4 . 5 . 3  TVA' Regression ~~uations;. 
4 . 5 . 4  TVA Graphs 

. . A 4,. 5  .,5, , sCS~,,.T&-55i Graphicala,,Method 
I,. ; :../:.. -.4:, 5 .:6. ~ther-,~echni~ues .,* !,:<$cbs.pc:!, 

!.*.. ., 4 . 5 . 7 '  Example Problems : ~ , + ~ t ~ ~ f f i ; . ~ i ,  

4 . 6  Flood Hydrographs 
.I; i::,r.i,c 4:." 6,:l  - : Hydrograph~Termin012)gy.~~~; 

.. i 4 .6 .2 ; :"  ~nit,H~.drograph~ Theorptwu 
4 . 6  ; 3  Unit Hydrograph, Procedure 

.i:.:*.i :.t1:,.4;\ 6. 4.: ,,. ~ y n t h e ~ ~ c , , ~ n i t , ~ H ~ d r ~ ~ r a ~ h s  
I:.", ,. .. .~ 4 . 6 . 5  scs TR-5.5) ~abulgr; ., . ~ethod ;, 

4 . 6 . 6  Other Methods 
,. , . . , _ . , .  Z 1~~~4 , , . . 6 .7  Example;iProblemsii~LIj,~..~,.~ fi '. 

4 . 7  Hydrologic.~hannel Rout2ng 
, . !..4..7jr.1T :,Muskingum, Method;,a;r, +$:dT 

"r.. ; 4.7'. 2 scs TR-55 Tabular:!, Method, , 

Table , , . . , . .  .:$.,; :; f. ?+:?.: :' A . ~ , : , ~ ~ : ~ ~ ; , ~ ; ~  
. . + 

;$?-+ t;.-, ; ,r,:i.v' :,. :':; . 8~ : c... L' : ~ ~ ~ , L t ' . . 8  :;",;?, ( 2  k+:,;?< 
4-1 ~uidelihes for ' Selecting Hydrologic 

Procedures . ,.; . ,. . a,! ,A .. 1. C . . . . . , . , :.,:.<)!><.. .. ,<,+,.$#<'jtB6.:6 ! : ,~ f . '  



HUNTSVILLE-SMM . , . ,  : . , . .  0-1991 

. . ,  ~. , , . , ., .,: ., 
Table . .. , ii .. ,, 

TABLE OF CONTENTS 
(continued) 

Monthly and Annua1:aPrecipit 
le, Alabama,*'Between 1,359 and 

:;, !;A t J k > . :  "- .. e, ,. - .  \. i ,  .. .. .. ". 
, ] . . : 'i . ' ,  , ! ,  

ccents",,f or)t:a ~esign Storm 
Return period of ;10":Y&rH;. 02 .&is ' .,' : 

, " , . 
,,,.':,',. . > 9 <- ,.i :; ' , " . . < i  ,.; :. .:. , ? . F 

Design Storm' Frequency:: Factors $or 
Pervious ~ r e a .  

,[ z.,' ;.,,;:, ,:, . . . -. 

Runoff Curye8 Nu 
,, . . Urban Areas 

, i ;.,../., ' .,t:<: ; , ?  >:I:. , $ ,, ; 

Runoff curve Numbers 'fat!:: ~ural. 'hreas. 
ff .:,+ ' ,, . ,  ,,; ".I.:;:: :<,:I ?\ , ;~ ,;$ 

Overland Flow ~~~~~~~~~~~~~Values I ,, 

',L ;.,;'.i.,c: I ,  i?:,!,>.; :, ~",:.. 8, 

stream ~ages':in'" the: ity. ofLHunts- , 

1 : . . .,, , <. 

, I  TVNt.Regressidn 
ungaged, Urban : Wat'ersheds in- Huhtsville, 

. . Alabama , . 8 :: ,; ; , , : i"";~. i '  ; . ,. . ?, 
j : , ,  . . 1, , . : ::: . 4 
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. . , , . . .,. " ' chap te r  . 4 , , . . . . 
. . . . .  . , ,  . ., . 

HYDROLOGY , , , , , . . . . . .  . . . . . . . . . . . . .  .......... . , 4 c .  .. 
., . . . . .+ . 

4 .1  ., PROCEDURE SELECTION . ~ . ....,.. ....".. 
, %,:: I < -. .~ ' , .  
. .". 

The g u i d e l i n e s  i n  T a b l e  ., 4-1  , s h a l l  be  ' f o l l owed ,  f o r  s e l e c t i n g  
hydrdlogic .pro=ed"=e=6: A , .conkid&at ion d f  peak .'.rundif r a t e s  
f o r  des ign  c o n d i t i o n s  is'"geierally--,adequate f o r c o n v e y a n c e  
systems such a s  storm . . . . . .  sewers o r ,  open channels, .  .Howeyer, i f  

. r  . .  , * . < ,  ., . . .  . . ,  , 
t i e  des ign  must ' ' i n = l u d ~  ' t lodd routi 'ng (e. q::, s t o r a g e  :bas ins  
o r  complex . , ,  conveyance ne tworks ) ,  ~ , a  f ., . ..... . , .. ,.,' . . . .  .,, . ,  ,*. ,/,, 

ph i s  
' u s u a l l y  ' r equ i r ed .  ' : . . .  

, . ,  
. I . . . .  .i.'> +. . , . . . . .  , . . . 

. ,, . , j . . .  . "~ .......... 
Because s t reamflow 'measurements ' for 'determining ,peak runof f  
r a t e s  , ,  f o r  ~ , , .  pre -p ro j ec t  c o n d i t i o n s  a r e . g e n e r a l l y  :not  a v a i l -  . . ,  , , abre, .accepted . practice.h t o  perf Zrm f '160d:~h~~:~ologj  

> .. ) ,. ; 
c a l c u l a t i o n s  u s ing  s e v e r a l  methods. ~ e ' s u i t =  can the; be  
compared ( n o t  averaged),,, and t h e  method t h a t  , b e s t  r e f l e c t s  ............ < I ... pr.~j~~ct'..'.con~~i~i.g;is 'se.i=-c.t-ed~ an'd do-curi.entedl 

, .  . 

. . .  .:Th:e Ratian;i .'Mg;h70dL ... >[' . . j -  ': . : ,..'-" ;,';:,~,<; *:,,:' 
.,u; . , , 4.  . . . . . . .  , 5 . .~2)~-i,s:,-'subj~c,t,~to--the . . .. , : ... ;. :+F .. * I ,  .. 
.' fo l lowing  .. ' l i in i ta t ioh%:  . . . .  . . . . . . . . . . . . . .  . :  e . . . . . . . . . ;  . . . 

,, / ! .  : , .,> ,, , , . -~;. ,  i.3 .......:..*!,..'.-' ': ,.:, ;.' ,.,2':*<i!.3,7:; 
e . . .  :: : . . :  . ....-.... ;.,: ......- ; :...>y 

1. Es t ima te s  o f  peak d e s i g n  f lows'only.  
. . . 1 ,  . , .  . , 2 .  ..Time o ' ~ .  c o n c e n t r a t i o n ;  t 'of 5 minut& < .f 

c '  - < 30 
C - 

minutes.  
., ., 

, . . ( '  , .  2. , ,  , . . . . .  . . '. 

3. Drainage a r e a ,  DA < , S O  a c r e s .  
... . . . .  , . .  , .. . ;,.> . , : ;  

' ' 

, ,  . , , 

I n  =dd i t i on ' , "=&s<f t s&h&' ld  ' b e  c&p$red us ing  ' o the r  s e t h o d s  , 
a n d  app rova l  by t h e  ~ n g i ' k e e r  .of  ' P u b l i c  works' i s r e q u i r e d .  

, .  ' . . . . .  . ,., 
The SCS TR-55 ~1986:)  &a$h ica i  me'thod (see s e c t i b n  4.5.5) i s  
s u b j e c t  t o  t h e  fo l lowing  l i m i t a t i o n s :  . . .  ! , , > . , : , ,  . . ~ . , .  . ,  . . ,  , . . . .  , .  ,,.. . . . . . . . . . . . . . .  . , ,  ", , ." . . 

. ,  ., 
1. Es t ima te s  o f  peak des ign  f l o w s  'onl?. ! 

3.. ~ime ' . ' b f .  concent ra t ion ' ,  " tc , o'f.. hou=: - < t. < 1 0  
C - 

hours.  ... . . . . . . . .  , .  ? 
: . . ,  , , . . . . :  . ,  , . . ,  1 . , .  

. . . . . .  c , . 



4. The method was developed from results of L U ~ I ~ U L C L  

analyses performed using TR-20 (USDA, SCS, 196;) 
for a 1-square mile homogeneous (describable by 
one CN value) watershed. 

5 .  Curve number, CN, of 40 - < CN - <98. 

, . . . , ,  , . .. . . .  . :i .. t,.7:",. u n i t  . .  ' ' h ~ d ~ d g r ~ ~ h . . s h a ~ e .  .f&toi: iif ,404 .,, ,, ; ;  . , : , , :.,,.. , . < , . 
, . . : . . , . . ,  , , . . . . . . .  . . . . .  - , , , !  ' ? . : . , , , , , , i  x , - , . .  , 

, . . , .  . ,  . , ~  : l i l  . .  , . . . . . 
, . '8:. , , only oiie'main stream channel in the:l"ate'r'shed, . . .  or, 

if more than one exists, nearly '&quil times of 
condentration for the branches. , . . . .  . . . , .::. 2 i.. : :.:, : , . . . . . . . . . .  .,. . . . .  . , . , ,  

. . . . . . . . . . . .  ,.. ,. 
se ..df the1986 veision.of . , ,  . . . TR-55 , ~ inplac<of the 

, . _ .  _ i  , , . ,  . . . .  ,; . ,., I ,  

7 5  procedures. ;. , ,  , . . ,  
. . .  ;.: , . : ,  . ' . . ,  , . . i 

. . 
_ ' t i  

. . 
~.~ . .  , , , . , ,, . ,I ' 

' " '10. ~&'conside=atio'n of h$drdlbgi% =hannL.i rduting. 
, . . , . '. ... ' , ,  ,. . , , . ' . : .  , ; . . >., . .  

The. SCS TR-55 (1986) tabular method (,see Section 4.6.5) can , - > , -  . : . . , .;,, . 
bd";~ect tb estimate flood hydrographs and-to:.:approx:im.a.te . . .  the 

,,.,,L,:-! , a , . , ,  . . . ‘ . . . . . . . . .  .:., 
effects of hydrologic channel routing,'subject to 'the 
following limitations,:, . . . . ~. , . . -  , .,.... I:. , .,:. .... ?; . , , : . ' ; , .  

. , 

1,. Design storm = SCS ~ ~ p e  .II.2.4-hour distribution. 
.,, . . .' . , ;. ,, .. , , ., , , . , 2 ,  ., . , "., 

2. Time of concentration, t , of 0. l' hour < t < 2 hours. 
C - C - 

. 1:,1 " 

3 . .  D A ~  of individual subareas d o  not differ by a 
. . . . . . . .  . . . . . . . . . . .  . 

factor of 5 .or more., The , procedure . was developed 
, , 

.. ..i. S , , . ' . .  

' for a D A  of 1 square' mile'. ,. , . . . . . . . . .  
( ' L I  , . . , ' . , . . , ., . . , ,.,. . . , , . L  

. . .  , . 4. Curve number ,., CN,-.of 4 0  , -  < .CN - < 98. ., ' . . . I . ,  ,. . . . : . . .  . :  . . . . . . . .  . . . . .  . . . .  " .  .,. . ~.. 
:. . . . ,. .+:.,- 

, . . , . ,  

5'. Ratio of initial abstraction to preclpi'tation;' 
I /p,,of O.l:(.I /.PC 0.5. . . . . . . . . .  . . 
a , .  - ,  .,a,! . -  , 

., 6 .  , Unit hydrograph shape .factor . .  . . . . .  = ,484. ~. . .  : ,  
' ,.. ,a , , . . , . , , j 

$ .  . , . 7. . Reach . . .  .travel time,, . T  t , - . .  of. 0.. . .  to 3 hours. , .  . 
. , 

, ,  . 
.... 

8. Use of the 1986 version of TR-55 in place of the 
1975 procedures. 



TVA r e g r e s s i o n  equa t ions  (see S e c t i o n  4.5.3).  h have baeu pre- 

P p a r e d  f o r  sma l l , .  ungaged , :urban watersheds i n  :HGntsbille. 
w The' TVA. r e g r e s s i o n  e q u a t i o n s  a r e  ' sub jec t  ' t o  the '  f o l l owing  

l i m i t a t i o n s  : ..... . , . , ..~ ,, "., . .  , 
~. 

, , , , ,..'_ , .. .i 
' 1 . .  

, "  . - 
.- , .. , .. - - .... . .  . _ _  , '  , .: 

1. ' ~ s t i m a t e s '  o f .  ,peak.des.ig'i:.+f low,s .., > ,  . , , "  .,, . . : ,  . . ,  C-,, . d . < . . .  ; . . .  . .  . - .  
. . ,  ,. . . . . . .  

,. , ~ , .  . .  . . . *  .... * . . , . . , , , . . . ,  . . , , , , ,  . %. 

2. DA' 'bet'"een 60 and '3 ' ,  200 a c r e s .  
. . . . . . . . . .  . ,. . , .  , .  . . . . . . . . . . . .  . . .  >..;L,':.' . ,  . ' 

3 .  ' ~ m ~ ~ r v i o u s , & ~ s , .  between: .3 . t'&'!50 ,percen t  .:: : .,, , ,,:) !i, ,. . t , ,,, _ .  >,.. . . . . . . . . . . . . . .  ," . , ., ., , , . , . . , . ( , . , . 
L Z." . . . . . .  , .. ,:,: ,>,. :...:> - :  , . .  . . . . . . . . . . .  ". . . . . . . . . . .  . . ,  , ,., .:: ,- : ;. - . , ,  . . . .  

Inapp l i cab le .  . . . . .  when. .ex tens iue-  . . , .  - chan,ne&it,ati.&n, br.,i,,,.: . . . . .  

. . , . ,. r e g u l a t i o n  ., ,, .~ i s ' i n c o r p G a t e d  . . . . i n t ~ ' : t h e , , ~ , a t e r , s h e d  .. . . ,  ..,::,,,. 
. . . i "  .: . , ... > .  -;'.. .... 

TVA graphs  ( s e e  s e c t i o n  4.5.4) p rov ide  flow' frequency 
e s t i m a t e s  f o r  - modeled . .  .streams ,that; , :ar ,e  . , , app l icab le~:on ly  . . .  : . .  t o ,  . . . .  
those .  . . . .  ' s t ream. , ,  reaches  , , t ha t . .  were . ,. . i n c l u d e d i n  ., , . . the , ,model ing . .  ,, 

, . , . ,. , .  

... . . . .  . . .  . . , , . .  . . . . . . .  ,> , : .  ' . . . . . . .  .. , . , , 1, i '.:!. 
. . u n i t  hydrograph theo ry  ,. .., , (.see , , s e c t i o n s :  4,.6*.i, and. ..4..6:.3)i:,pro- , . 

, ~ ,  

;. v i d e s  a , gene ra l ly ,  . a p p l i c a b l e  . ,  ..'for :developing! :f l.odd 
hydrographs us ing  a bas . in -spec i f ic '  un i t~ ,~hydrpgr ,aph .  and ,, .:a . , ,  n... 
a p p r o p r i a t e  r a i n f a l l  hyetograph. . Many computer-models use  

. . .  .... P ... . . . . . . .  . un . i t  . .  ,. h y d r o g r a p h  , theory .  - With, -. c a r e f u l  . . . ,development.,,of. . ,  la ;:., - b a s i n - s p e c i f i c  . . . . .  u n i t ,  hq/=oqr=ph,, t h i s  v e r s a t i l e ,  . . .  meth,6d~l$an.,,,be . . .  . , 

adapted  . , .  ,. t o  . . . .  ' a wide ., . . . .  , r ange ,  o f  icondi , t ions .  . . .  ... ., , .  ".:, .:.:.<i!~:! . .  . . . . . , ,. , .- :. , ."C 

. . .  . , . . t , . .  .. , .,, : . , ; , ; . , !. . , ?. :.:; -;,'I .<.. :,. :.::-t:*<! :, :,,,*., 
Computer n tode l~kq  i s  a p p r o p r i a t e  . .  ~ when . . : l i m i t a t i p n g  . of.:. ,. ., 

s imp le r  methods are :  exceeded ,,::. :c&piex :si tuat ions , : ,+re  . being, , . 

s tud ied , '  o r  more ' d e t a i l &  in fo rma t ion  . . . .  :, i s r e q u i r e d ;  , : ,  . . . . . . .  

i ', :;' : 
. . -  ....... 

, . . .i. 

 he . , r a i n f a l l  d i t a . i n  s e c t i o n  4 ..2.11;: ~~p~esent~.a~erig.e,.,:int&ns- 
i t x  o r  vo'lume, o v e r '  a p a r t i c u l a r ,  d u k a t i o h .  :,.  hen-;,,, f,l&od,, hydro- . . :,: ,. . . . . .  
g r a p h ,  i s  to, be ~ d e v e l o p e d ,  however, . . a :  time,, :var iab le  . , d~s t . r - i bu -  
t i o n " o r  hyetograph .. i-s, ,require,d .. TWO' methods:, a r e  .described:. 
i n  s e c t i o n s  4.2.2 and 4.2.3 f o r  c d i i t r u c t i n s  t h e . d e s i g n  s torm.  
hyetograph: t h e  SCS Type I1 storm d i s t r i b u t i o n :  ." (.2.4rho,ur - ,  -; . . . . . . . . . .  ............... 
d u r a t i o n )  and t h e  balanced storm approach (any d u r a t i o n ) .  ' . 

. . . . .  . , .. : . . . . . . .  ,, . . .  ....<,. . '  ' .. ,. , . . 

STORM DATA, . .  ; i . . . ... 

., , * .  . . ,.,I. <,.: ' ! . ' . .  

~ ~ d r o l o ~ i s  d e s i g n .  s.t?rm.,data, shduld  , . be c o l l e c t e d  ..bx, t h e  . .  ...,, , 

fo i lowing  procedure  : 



. . . . .  
1. : S e l e c t  an a p p r o p r i a t e  p rocedure  f o r  hydro iog lc  :- 

c a l c u l a t i o n s " ~ s i n g ,  . . .  inkor,mation , i n  s ec t ion '  :4,.1'. : 
, , . . . . , . , . >  ( : _, .~ , . . , , , .  , , . .  0 

, . 
2. Determine t h e  t ype  o f  p r e c i p i t a t i o n  d a t a  ' . that. 'dre 

needed. , , .  Genera l ly ,  e i t h e r  i n t e n s i t y - d u r a t i o n -  
frequency ' ( I D F )  c u r v e s ' o r  hyetb&rbphs ' f o r  . h i s t o r i c  
o r  des ign  s torm c o n d i t i o n s ~  . , a r e  used.  

. , . . , : :  .<: ,,.:.'!I .. 

IDF cu rves  and d a t a  f o r  H u n t s v i l l e  a r e  g iven  i n  F igu re  4-1 
a long  w i t h '  depth-duration-f'r&<"'&ncy 'da?a.'up tb!''& 24-hour 
d u r a t i o n .  These d a t a  were o b t a i n e d  from TP-40 ( H e r s h f i e l d ,  
1961)' and .  HYDRO-35 , . . (Freder ick et"'a1. ," '1977) .' : . ~ d d i t i . o n a l  
d a t a  . f o r  d u r a t i o n s '  o f  2 ,. 4 ,  7 ,  and I 0  'days'  can be ob ta ined  - 

from Miller ( 1 9 6 4 ) .  
. ,,. . - ,  . ,  , . ~ , . ; 

. . . . '  i,, , , . . , . ,  . , , ,  . .  L 

~ b n t s v i l l e ' a r e a -  c l i m a t o l o ~ ~ c a l '  d = t a  a r e  c o i l e c t e d  by'.th&:-; 
National,.:Weather Service-.Of £'ice' ... (wso) ... The ' w s ~ . ' ~ ~  the...l..:,.c 

Huntsvi l le /Madison County A i r p o r t ,  C a r l  T. Jones  . ,  . F i e l d ,  i s  
... . l o c a t e d  11 h i l e s  s o u t h w e s t  o f  ' t h e . , k e n t e r  . 'of: Hun'ts'vil:le.:, ...-~11 
; , : o f f i c i a l  wLather' r e p o r t s  a , , for , 'Huntsvi: l le  :curretitly 

'. ~ . ,  , . ' , ' . ,  <: . . . . . .  ... t cbme-':from . ~ ~ n ~ ~  : ~ i ~ l d . . . '  .. . . . .  . . :  r . , 

. . . .  . . .  , , , ,  , . , 
. . 

. . . .  . > ,  . . . . . .  
. . . . , .  . _ l i ,  . : ,  . , L'., "-, , 

, .  . ,  . . 
~ h e ~ a t i o n a l : . ' C ~ i m a t i c  c e n t e r e L a ~ u a t e s  and, summdri'z8s dbi- 

: l e c t e d  d i ; i~a to lOg ic~ i  d a t a  o n L a  aa'il;r:, 'and. annu$i 
b a s i s .  P u b l i c a t i o n s  summarizihg the: 'c1imatb' logicai  'data: 

0 
c o l l e c t e d  a're a v a i l a b l e  a t  a s m a l l  f e e  t o  t h e  g e n e r a l  p u b l i c  

. . 
from t h e  U.S. ~ e p a r t m e n t  o f  Coiunerce; Natiijnal. iCl imat i6 : ' i :  
Cente r ,  Fede ra l  ~ u i i d i n g  , ' : ~ s h e v i ~ ~ e ;  .North Ca ro l ina  2880 1, . , . .  ,,. , ,  , 

o r  from t h e w s 0 , a t ' .    ones " F i e l d .  ' ' .  ' 

Monthly and annual  p r e c i p i t a t i o n  averages  f o r . H u n t s v i l l e  
from 1959 t o  1986 a r e :  shoiuh: i n ' ' ~ a b 1 e  4-2 .  The average 
annual  p r e c i p i t a t i o n  dep th  f o r  t h i s  r eco rd  was 56.07 inches .  
 he- maxinium"and'minim~m prbcipi t .a t io i l  depths '  o f  72.97..and-' 

. 
% - .  41.81 . i n c h e s  occur red  i n  '1'975 and 1981 .. The, average monthly  

"' -prec ip i . t a t ion  'depth's vary  f r o m  a low, o f  3;  41 fnches . ' in  .".:," 
,, . 

t~ .. October .  t o  'a h i g h . o f  6 .,71 i n c h e s  .in:'~arci-f., .. . . . . . .  , .~ . . , .  ~ 

. . , , , . ,  , .  . . . . . . . . . .  , .  ~. 
.> > . , 

, , .  : , ,  ., , .  . ' : _ ,  * . "  . . . . . . . .  . . . , .  . . .  , . 
'. . , . . .  . . . .  4 .2.12 SCS TYPE ' I1  STORM ...... .'. ... . . , . . 

, , .  . .  , . . , , . , , . ~ 

, . , ,  . ; ,; : .  . : , .  . . , .  
, ., . . . 

The SCS has  developed a set o f  24-hour s torm d i s t r i b u t i o n s  
r e p r e s e n t i n g  average c o n d i t i o n s  for; :di ' ffer@nt r e g i b n s . o f  . t h e  
Uni ted S t a t e s .  The Type 11 s torm i s  -appropr ia te  f o r  
H u n t s v i l l e  and. ' i i ts .cuniula t ive  mass curve  i s  p re sen ted  . . . . .  ' in  

. . . . ,.. , .  0 



Figure  :.4-2'. T h e . c u r v e . ' i s  a p p l i c a b l e - . t o  t h e  24-hour r a i n f a l l  

P . . 
. . . . 

, . d e p t h i f o r  any r e c u r r e n c e  i n t e r v a l .  , . . ,  , , 
V .. '  , % . j  . . ,, , , " .  ., :~ . , 

, ... . , .  . 
a , , . ; ~  . 1 , .  . ,.> . , . . >  ', . . 

The scs ':dimensionless :.hyetograph. approach ' t akes ' "  t h e  
fo l lowing  s t e p s :  .,;. .'. >,,;:.y, <:., ! ,:?.<? .?? ,,,<.:,: : - . :".: . . , . . ":.. . , . . , . 

< ; a , >  i .. L,.:. .-select a ;,:design ;time '.-step~-.and ''=eturn per iod .  
. . "  

,. . , , '. ; ., , , ,, . . . . .;/ t:i. :. . . :.,: ;: ",- 

!zit. '2. .:.. > ; ' ~ b , t s i n , : . t h e  : 24-hour , p r ec ip i t a rkb<  depth' , ;  p 
24' 

from 
F igu re  4-1 f o r  t h e  r e t u r n  p&$iod s 'e lecfed i n  
S t e p  1. 

, ., , . . , .  - # 
J \,.' . ' ,  - . . , r  . ..: . .  , , . ... , ., . . , :  . . . . 

. -i : .  - - 3 .  , *-',.Use . . the  t ime , s t e p -  s e l e c t e d  -abo+e. a n d  t a b u l a t e  

Px'P24 
r a t i o s  f o r e a c h  tinie s t e p  'of  t h e  24-hour 

s t o r m , , u s i n g  F igu re  4-2. 
..,n . .  , . ,  ~. . ,. I _ . ,  . , ., .. . .. ,:;:,L .' -. ., : . .... . . , , , .  

. . .. i. : ' :34 : ' ' Mul t ip ly  ' . the .'Px(P24;'"ra't'ios f r o r n : ~ i e ~  3 by t h e  24- 
hour precipitation d e p t h  from S t e p  2. R e s u l t s  o f -  

, . '.; . . :':. - ' these ~ c a l ~ u l a t i o n s ~ ~ p r o v i d e  'at 'cumuLative r a i n f a l l  
.* r :,; -, . ~?~~~~~hyetograph,:~:~ncremen~tal' hyetogrash  d a t a  can be 

o,,: ,ad%-":, . - " ,:-pre'paredpby f ind ing . ; t he  ' d i f f e r e n c e  between each 

- . . c u m ~ ~ a f i v , g  &depth: inee,j$sl, : : . ~ ~ i ' . . :  : , s i  

The 'bajranced .storm approach pr0vide.s  a . p r e c i p i t a t i o n .  hyeto- 
graph t h a t  has  ' t h e  same r e t u r d  p e r i o d  f o r . : e a c h  'time. i n t e r v a l  
w i t h i n  t h e  t o t a l  s torm d u r a t i o n .  Th i s  approach p l a c e s t h e  
l a r g e s t  : increment o f  Lra ' infa l l  f o r  t h e  , s e l e c t e d .  t ime s t e p  a t  

-the;"i'dpoint: o f .  t h e  t o t a l  s to rm'  d~ration.:,(~For:.example, t h e  
,:mk-dpoint . f o r  a -  24-hour-storm i s  .:12- .hours  .* . Smaller d e p t h  
increments  a r e  a r ranged  s y n h e r r i c a l l y  'about t h e .  l a r g e s t  
v a l u e ,  w i t h  t h e  second l a r g e s t  v a l u e . p l a c e d b e f o r e  and t h e  
t h i r d  l ra ' rges t  v a l u e  : p l a c e d . a f t e r  t he ' , : l a rges t .  - ' T h i s  "before  
ahd aEtert!.  process '  .is - ' i S l u s t r a t e d  - in iF iguTre  ;-4-3:,and con- 
t i n u e s .  un t i l - - ' the  e n t i r e  hye tog raph . - i s  ,:developed-. -: 

The. ..dats'..from ~ ~ ~ t j . ~ h . : . - 4  :2 :?.T c a n  be .us.e.d; : to  .:develop. a ' $ s , i t e -  . ' ,  

s p e c i f i c  balanced storm f o r  ~ u n t s v i l l e ~ ~ u s 2 n g ' Y h e  procedure 
d e s c r i b e d  below. The balanced s to rm is n e a r l y  i d e n t i c a l  t o  
t h e  24-hour SCS Type I I s t o r m ,  excep t  t h a t  t h e  SCS storm 
d i s t r i b u t i o n  i s  s l i g h t l y  'more ,.i:rifense f o r  d u r a t i o n s  between 
15 minutes  and 1 hour o f  t h e  midpoint .  
1 ;: ':. ~ $ 1  3,: ! . ? ' ,  ' , .  , :  , , . ~  . . .,. . . . . , .  . .  , ' . . : ,  . , .. . 

.. I , . . .  . . ,. 'R . . , . , .  . , 
. . ~ . . .  . . . 



. ,, , , 1. S e l e c t  t h e  d e s i g n .  s to rm t ime , s t e p  and r e tu l l l  :,,: , -.; 
per iod .  The t ime s t e p ;  should  cor respond  ,,with :the 
u n i t  hydrograph d u r a t i o n  i f  u n i t  hydrograph 

0 
procedures  w i l l  -be .used . (see : Sec t ion  ..4..;6 ;:3) . .  ,,!i: . . , . 

, ,? r.:: ,! 5: > > (  

2. Use t h e  t i m e  s t e p  and r e t u r n  pe r iod  " f r o m s t e p  1 t o  
, : .  , .. ,. . . , . . , . , . ob t a in ,  p r e c i p i t a t i o n  dep th  .da ta .  Depth-dura t ion  

f requency.-data  can be o b t a i n e d  from F igu re  4-1  and 
, , . . .: t h e  , , , increments . o f  : p r e c i p i t a t i o n  'de te rmined  from 

,.: ' (, , t h e  :,f o l l o w i n g  s t e p s  :: " .  , ., . . . i <?., :+ ,. , ' , 

,,. , ,. 
a.  Find t h e  i n t e n s i t y  a t  each m u l t i p l e  o f  t h e  
. . 

+.:, , .  , . t ime~, , . s , t ep . , ( t ime  i n t e r v a l s )  t o  t h e  d u r a t i o n  o f  
. ,: the , s to rm.  . . . , , . (. A. ~, ,, , . . ,~ . . 

, .. 
, , .  . ~ 

. . 
' , , . ... '... ,. . , v. 

b. ~ e t e r m i n e  t h e  r a i n f a l l  volume f o r  each t ime 
. . . . . . .  : , . interval . ,d,volume = i n t e n s i t g  %,. t ime i n t e r v a l ) .  

, .  , , ,  . 
, : , . . . .  . . , . .% 

.I .:. ' , .  ., , ' ,  . , . . . 
' i d  

,>,. , . , :,. . .  c..;... i:,Dete,rmine t h e  , i n c r e m e n t  o f  , , : p r ec ip i t a t i on  
., .. . . ~  . ,..-depth - f o r  each :; t ime  s t e p  by. s u b t r a c t i n g  t h e  

, 
, , . . .,,, - .  ,:..: vo,lume) of , : the .  p r e v i o u s  t i m e ,  . . i n t e , i ya l  from t h e  

3 ,  

volume o f  : , thei ;present .  . t ime~~,, . in. te ,q~a,l .  

3.  S e l e c t  t h e  l a r g e s t  increment;,~f,~preqip$tation . . 

d e p t h  from S t e p  2 and p l a c e  it a t  ' the  midpoint  o f  
0 

. i  . . .  the..total,:,storm,duration. , F o r  a _24-hour :,storm,:!. *: 
,.. .. , , , the,-midpoint i.s -12. hours., . , ,  . .  . . , ; , , . I  

. , 
, .  . . ,.' ". . ., ,. ? '  , , ., 

' 4 .  ..;, ~ r r a n g e  ,smal ' ler  d e p t h  increments  . symmet r i ca1~L~ .  . . 

. , ,'r , , . . . ., .: , abou t .  t h e , : , l a r g e s t .  depth .  , , T h e  second l a r g e s t  v a l u e  
, , , , i :s, . , :placed- be fo re .  t h e .  l a r g e s t -  :and ; t he  t h i r d :  l a r g e s t  

- .  . 
, . . . , . .:,.:val.ue is,, p l a c e d  . a f  t e r  :.the l a r g e s t .  . .. _ ; . ,.. . ,  : . . , .. . 

. . ; , . , .. 
, , .  .. . , . . 'I ' ,.  , ' , . .  , , . ,  .,.. , , ,  , .  , . ;' : t ., , ' .:' 

. . 5 ;  
.,;: . ,. . . , . Continue p l ac ing . .  ~ ~ e q u e n t i a 1 , ; d e p t h  : . increments \. ' + , i . . . .  

. , . b e f o r e  and . : a f t e r  t h e ,  ; l a r g e s t  value ,  u n t i i , . t h e  .- . : 
e n t i r e  storm . .duration h a s  b.een ;consi.deqed. , . .  . ,- 

An ., example,  . o f ,  t h e  . proceduqe - f 0.r. deve lop ing  :a,. balanced .storm. 
is~. ,px,eseqted. ,$n . - S e c t i o n  > 4 .  6 ... . : ' . ' , .~ . . , . , ~ , .  . . .  . . ,  , .. . . ~ . .  

. . 8 . , ; , .  . 3  . , .  . , !,,_,. , . , .:. . , : ,  . .  . , ,>'. ' ' . . . ~ . .  ,~ .. . . . . , . , A . . :  . d  .. ,; ,,: ., 
I ,  . . L  . _ ., 

, . ,  . .  . . . . .  . . '  , . \ . . .  i . . . .,,. . .. '::..,'<':, ,.,;; <, " ?. . , :, '. ,,, .~ . . . , /..I 

. .  . . . ,  
, -.,~. . .. . . i:. s : ,  J 4 . 3 ,  (. RAINFALL EXCESS . .:, . , '  . 1 . ; .  :i . .: ' , . . 

, .  . 
, , . . , , !..~,,~':,,: , I  . . ; , . . . , ... ,. -. . . 

R a i n f a l l  e x c e s s  i s  t h e  dep th  o f  p r e c i p i t a t i o n  t h a t  runs  o f f  - - - 
an a r e a  du r ing  o r  immediately fo l lowing  a r a in s to rm,  o r  t h e  





Procedures for.,determining:.the: runoff .coefficient. a;,, O&.D .. 
curve number are discussed. below. .. . ,Variables. that..:-sho'uld .:be 
considered for either procedure include soil type, land use, 0 
antecedent moisture conditions, and precipitation volume. 

. , . . . ' .  . , .  . ,  

Runoff coefficients or SCS curve numbers.-may be adjusted 
, slightly if calibration data demonstrate'.a,,different .value 

is justified. However, in the absence:of adequate field 
data, the general procedures described in this section 
should ., :be.:used. ;. .. . ,  '! . , ,  . , ,  . . 

. .  , . . ..r, . 
, .. . . . . . . . . . . 

, . :.,., . . .  . . .  > . 4 .  . . :  . . .  . 
The runoff coefficients for various land uses, soil types, 

:.,and .watershed:;slopes ';in. Table . 4 - 3  ".apply when: a.  design storm 
with a return period of 10-years or 'less-:is,:considered. , . 

Runoff coefficients;can.,be taken directly :from:the tablefor 
homogeneous land use. For mixed land uses, a weighted C . . '  

, , value should be calculated as follows: :: ' ' . .. , . . . .  .. . . t 

7 ,  . . .  - 

where : 

- 
C = Weighted composite runoff coefficient 

n = Total number of.areaswith , , uniform runoff 
. . coefficients- : . '  ' ' 

'i = Runoff coefficient for subarea i 

. . . . ,  , . ,  
* 

' ' ' Ii'.='~and"area contained in subarea' i with uniform 
1 

land use conditions, in acres or square miles 
, 

, . , , . 
,A = ~otal' area of watershed, 'in 'acres or square 
T , . 

. .  , ,  
. , . , . :  , . . . ~  

miles' ~- , ' 
. . .. . , , . , ,  

F'br retu>n"peri6ds "of 'more than' 10. ,: the coefficients 
from Table 4-3 should be multiplied :byk'the' frequency factors 
from Table 4-4 .  The .following, relationship is used to 
combine the data : - ~ j ~ ~ ' ~ ~ ~ ~ e d ~ ~ ~ . ~ ~ ~ b l & ~  $-3;,'ahd 4-4:  



. . - . . .  . , .~ . . . . . . . .  ; i .., '. . . . .  . . .  cT - ci0 XT \'I-31 
, , 

, .  . . . .  , , .  

where : 

,., . .  . . . . . . . . . . .  ......... I S T / ,  

' C ~  
= ~ u n o f  f  c o e f f i c i e n t  . . . . . . . . . .  ' f o r  . . ,  ' r e t u r n  per iod  T, 

. .,'. .. ,#,?., . ,. . 
dimens ion less  

:..:_ ,' , ,  .,. . . . . . . .  : ..;. 
: ' cg = 'Runogf . c d e f  . f icient  . . . .  . f o r ' :  a  des ign  ,s torm ' r e t u r n  ... . .  . . . . . . . . .  1 0 ' .  :; ; ; ;.:.. I : , ;., ' * l .  

: 

period: o f  ,10 y e a r s  . o r  l e s s ' ,  (see' ,T,able 4-3) . . . . . . . . . .  , . . , . : - ' <  2 . , , . . ' .  , .  . , . . . .  : . .", . , 1 . . , .  / . . 
- 5 .  , . . .  , & (  ' . , + - :  <,:,, :,. : ! ~ : *  ' 4  ; : 

,. . ' I  i.: : 
- ' ~ e i i ~ n  s , torm.frequency f a c t o r  f o r  t h e  r e t u r n  . : XT,: - ,$. . .  ,7, * . ... . , ,. .. , . .  

. . ~ . ,.., - . . . .  : .... p e r i o d  , . 'T . .  ("see , . . . . . . . . . . . . . . . . . . . .  Tabie  '4-4) '  ' , : . . . . . .  I . . . , 

, , . ,  
, , , . .  . .  , 

The va lue  o f  CT 's'hould never  be i n c r e a s e d a b o v e  i . 0 .  

, : . , . , .  . . .  
The f  o~lowi);6 pro&dure ,de te rmines  , t h e  ]SCS c u r v e  'number 

1 .  ' : "  _ ;  : %.< , . I _  

baskd ':oii&3il'~'surve+ mfo=mat.ion publ i shed  ::by ;the SCS: , L . : I ,  i . !> 1 : .  ' , , ,  2: > .  . . : , .  -2: . L i r  . , *  l > < . .  

, ., - . . . . . . .  . ,  . ,  . , . .  ,: ~ I-.:: :. ,.Id&tf 
f y  +oil~:ltypes . . . . . . . . . . .  . u;:ir;;j ,.<he . S=s . :soil .survey ., / 

. .  =:_ ... ,~ . ... . ......:..... . . .  . . r e p o r t  . 4e :..,, ,.' . ,.." .:. lc. ' for :  ~ ' a d i s o r i  County., Alabama (USDA, SCS, , . , .  . . . . . .  . . 

.., ., . "1958)'.: ;., ?: ;.; . . . .  , ! : . . . . :  ............... ,:, ', . l a ' .  . i .  ', ,. . . .  . . , . . 
. . < . .  .:' . :..;.: jl:',' 

2. Assign a  hydro log ic  group t o  each s o l 1  type.  The 
SCS has  c l a s s i f i e d  more;:fhan 4 ,0 ,00 , so i l  s e r i e s  . . . .  . . 8 . / ~ ,  

. .  i n t i  f o u r ' h ~ d r o l o g i c  s b i l " ~ ' ~ r o u ~ s ,  ...... d e n o t e d  , . ' ~ ,  ,.: by t h e  
l e t t e r s  A ,  B',''C,,'and 'D. s o i ' l s  i n  t h e  A group have 
t h e  lowest  runof f  p o t e n t i a l ;  s o i l s  i n  t h e  D group 
have t h e  h i g h e s t .  Two letters can be ass igned  t o  

.. , c e r t a i n  w e t  isoil.s, t h a t  may be dra ined  o r  undrained;  
t h e  f i r s t  l e t t e r ' a p p l i e s  t o  t h e  dra ined  c o n d i t i o n  
and t h e  second t o  t h e  undrained.  The fo l lowing  
c r i t e r i a  a r e  used f o r  a s s i g n i n g  dual . .groups:  . . 

a.  S o i l s  a r e  r a t e d  D i n  t h e i r  n a t u r a l  cond i t i on .  

b. Drainage is f e a s i b l e  and p r a c t i c a l .  

, , I!  _ , . . .  

, , 
,. . 

' ,  , . ,  .. c. ~ ' i a i n a g e ,  .improves. t h e  s o i l  hydro log ic  group 
'by a t  l e a s t  two c l a s s e s  (e.g. ,  D t o  B) . 

, . ,  , , .  . , , . . . . .  
, , 

. . .  . . ,  The hydrologi 'c  sbil c l a s k i f i c a t i o n  c o n s i d e r s  
, ,  - . . , . o n l y  .ihe . s o i l ,  , .. proper t ie . s ,  . . .  t h a t  i n f l u e n c e  t h e  

r- 



minimum r a t e  o f  i n f i l t r a t i o n  ob ta ined  f o r  a oa re  
s o i l  a f t e r  prolonged we t t i ng .  0 

3 .  I d e n t i f y  d ra inage  a r e a s  w i th  uniform s o i l  type and 
. , a  . . ,  

' ' l a n d  use  c o n d i t i o n s .  ,.8 

. . . .  

4 .  Use t a b l e s  t o  select curve  number v a l u e s  f o r  each 
. . , ,. 

,uniform d r a i n a g e ' a r e a  i d e ) n t i f i e d . i n s t e p  3. A 
~ 

cu rve '  number va lue  ' f o r  A n t e c e d e n t ' . ~ o i s t u r e  Condi- 

~ " , ,  . . . 
t i o n  (AMC) I1 can be s e l e c t e d  us ing  T a b l e s  4-5 and 

. . . .  .. ,. . 4-61 '  able 4 - 5 '  c u r v e  :numbers " f o r  
, . 

s e l e c t e d  urban and ' suburban  land 'uses;  Table  4-6 
g i v e s  in format ion  on r u r a l  l and  uses .  

, . . . . . .  . . . . .  . . ,  , i , ,  ' , . .  
, , 

S e v e r a l  s p e c i a l  f a c t o r s  should be c o n s i d e r e d w h e n  
curve  numbers a r e  developed f o r ' a n : u r b a n : a r e a ,  " "  

i n c l u d i n g  t h e  d e g r e e . , t o  which heavy equipment may 
/ , I .  , , ..,, * 

ompact '  t h e  . s o i l  and " the  "degree 'o f  , , , ,  . ,!surface. , . and ., 

subsurf ace sdil .,miking .ljy grading. . . I h , ~  . 
24) 

, . .  a d d i t i o n ,  t h e  amount o f b a y r e n p e r v i o u s  . -1 . . area . .  (wi th  

........ l i t t l e  sod ]e . i tabl ishedj ' .~should be e v a ' h a t e d .  j l .  . , , Any 
o'n'e o f  t h e s e  f a c t o r s '  coul;d move.'"a 'so'i'l .;normally . * , ,  . . . . .  
placed  i n  hydro log ic  group A o r - B  .do group B o r  C,  

" 

. 5  .: c a ~ c u l a t d  a  f.domp&ite 'curve'numb& ' f o r  "'the 
. . . . . . . . .  ' , , . .: : 8 . :.. I .. * , :  . . . . .  

. . w,at&shed ,"$ing th'e . . . . .  e q u a t ~ o n :  . , .  
.> ., 1,:. , , . , 

. - , ~ . .  . . ' ,  , . : ,  ' . . . . . . .  . . 

. . . . . . . . . .  
. ,. .. , 

: .. .- 'where: 

- 
" . . , . .  i C N  := Composite'. curve  number f o r  t h e  

watershed 
, . .  ,..~ . . . ,.. , 

, , ,.. ~. ,, , 

n = T o t a l  number o f  a r e a s  w i th  uniform 
. . .  , . ., <. . ,  . . ' ,  

' 5 . '  ' 

, , 
s o i l  t y p e  -and; l a n d  use .condi t ions  

,,. ~ 

. . 
. . 

. . C N . =  Curve number f o r  s u b a r e a i  w i th  a  
.;.,'%*t: ' .  

, -, , , ,  

. . .  , 
g iven  s o i l  t y p e  and"1and  use^ con- 

c , . .  .. . . . . .  . , .,. . , d i t i o n s  (,from 'Tables  4-5' and 4-6)  



. . . . . .  .. , . , . A .  . = Land..area.,for subarea..i wit" 

C 
1 

, . . , ., .. , . , , , . . . .uniform soil ltxpe~~and land use 
' . . >  :. conditions.,.;in :acres or square 

miles 
. . . , , ,  , ,.,, , , ., ; .~ ,,.. , , , , .:..> i !:,:,?:+ : , &t '~  ,.., .>; . . . .  . I 

. " .L. 
. A  . = Total. .area :.~f,;~qa'tershed, in acres . . . . . . . . .  . T , <',.' 

.*, 'or, square ,:;:.,~ 
. . :  . / I .  ' .  .:.. 

. , 

. , .  
, . 

: . . i : , . i t l a  

Runoff Coefficient 
' ,  . ,  . . , < i:. , . . L. ' ' ... : ,,: * >  , :it~.s.'; ,. , , ' , ,, . . . . . . . . . . . .  

A ,50-acre , . _ . . . . . . . . . . . . .  'vsvooded.ba:tek'khed w.ith,;an:.ave.rage,.slope of about 
$"percent and gobd'ground:cover.on .* .both sandy and clay soils 

, 

is to be developed' as ,- follows: 

:;:.''l.,' . 
,.~., . .  , . . undisturbed soil.g&up d).  woodland'ijn = 1.0 . .. . acres , . ,< .  , . sandy . ...,' :.:. soil .P:, (hydrologic 

, .  , ,  . ' 

. . . . . . . . . . . . . .  ...... .. . .............. . : . . . . . . . . . . .  ,.:, : % "  

! 
2 .  Undisturbed woodland:.on clay soil (hydrologic soil 

. . 
group D), =,,lo acres , . . 

, ', , . 
. . 

P 
I, 3 ~ulti-family residential site :,on sandy soil . 

. . . . . .  (hydrologic soil group B) = 20 acres 
. . ' , LS:., 0.i '  

4. Industrial site on sandy soil (hydrologic soil 
group D) = 10 acres . . , 

, , <' ,.. ~. . , ,- ,.:, 
I 

- .." . 
1 . '  

Calculate the rainfall excess for .propdsed:'.=onditions from a 
I 25-year, 24-hour stcrrm using the Rational Method runoff 
i ~ coefficient. . . . . . . . .  , ., . . . . . . . . . . .  . . .  .... .. . ,  . , , .. ! . ,  . ,  , . : .  . . ~. " l..'. i . . ,. 

* .  . . _ $ !  . , , .  , . . . . . . . . .  a > ;....... 
1. ' ~ r o m  'kigure '4-1, the 2 ~ - ~ ~ ~ ~ ,  24.-hour rainfall 

depth is 6.21 inches. , e . . 
. < '  , , .~ 

2. The composite weighted runoff. coefficient is 
computed fr.& ~quati'on' 4 - 4  '(repeated.-&low) 

. . .  . t  , 1-1 Cisi;., .; !.,,.; i: 
. I  ,.. 

. . . . . . . .  A~ : ,. . , , ,  .: ~ ,. . 
' 

as follows: . . 

c 
W 

I 



a. .From T a b l e 4 - 3 ,  . for .  r o i l i n g  (2-7 p e r c e n t )  
. . .  
, , ,  : . w o o d l a n d  a r e a s o n ' s a n d y  s o i l  and assuming 

. , ,.. ,.>. .. 'm ' id - r ange : :~va lues  C = 0 .  1 7  
1 . , 

0 
b. From T a b l e  4-3, f o r  r o l l i n g  (2-7 p e r c e n t )  

. '. . -  . ' .  .:: . 'wood land . . a r eas  o n " ' c l a y  . . s o i l  and assuming 
mid-range'  . v a l u e s ,  C = 0.22 

2 

c .  From T a b l e  4 - 3 ,  f o r  ='0llfng..:(2;7:~ercent). . 

m u l t i - f a m i l y  r e s i d e n t i a l  a r e  
: . ' ;i i ( L ,  I ,  . .  ( . .  ' ,  . , . , . , and..,assuming:,.'mid-range va lue  

d. From   able 4-3, f o r  , r o l l i n g ,  (2-7 p e r c e n t )  ' .  

. ' . ; . . . I ,  indus t r ia l" ' a reas '  on: s a n d y  , " s d i l -  a"a.a'ksiimini 
. , .  . . . . . 

. , .. .,. , ,., , ~ ' ,  ..,mid-range c -. = - 0  85:.,':. : . '  ~ .::!:J:~~ 

. 4 -  .. . . , , . . . ; , .  , :, . . ,  . .. 
Runoff ~ ~- 

Area 
?'.: , . J  ,,,.. , ' . , , , ; , .. .: , , ~ : : *':. . Runoff Coefficient 

, .. , , .  , . i i  .., 

Sub-Area i n  'Acres ~ d a f f i c i e n t  : x ~ i e a  
. . IAi.) ' 

' , , )  ,.,:.,. ( , 
., , (i) CI ' - .' 'i *i 

3 
,, ~ .. 

20 0.70 
, . ; ,  

1 4 . 0  
.'. ; , . , 4 A' . l o  ' . $  

0 . 8 5 , .  " 

. . . - .  . . , . 8'. 5 
> .~ , , $ ,f,.:,~ , . .  . . .  - 

, . .  , ... 
Total 50 26.4 

, . , . # 
... . 

,,, : , . . ' 1  . , .: .,. . . , , . . , .  ~, . ,  . , . 

, .  , 
., , .. ' " ' , ; - '  

- 26.4 - 
0.53 , . .. . , ,... . . .  ,, ' ' "  "..,, . . .  . ,., . .. 

, . 
, . , , ,,., , . . .  , .. : , , .  . . 

' . .. , 

3 .  From E q u a t i o n  4-5- a n d  T a b l e  4-.4, f o r  'a ' 2 ~ - ~ & i r  

. ~ ' . , ,  r e t u r n  . . -  p e r i o d ,  _ %  : . '  . . t h e  . . . r u n o f f  . .,." , . ., , , c o e f f i c i e n t  . i s  ,, . > ,  , . '  l .'. ,. , . . > ,  i /  . , . J  - 
,., . .. , , 3 .  , 

'25 = .'25 
. . ... . . ' 

" ..C . ,  . = .:53 .'.C >. = .58 , ' : , ,  .. . . ,. 

,, ;..,,",-25# : : : : .  . ,: 25  . . . '. 

4. The r a i n f a l l  excess i s  computed w i t h  E q u a t i o n  4-1:  

R2 5 
= 0.58 (6.~21)  . , i., . . ,. 

R = 3.6 i n c h e s '  
2 5 

. . ' , ,  , , , 

0 



Example 4-2 .  R a i n f a l l  ~ x c e s s  Using t h e  SCS.Curve Nuil~oer 
P,) ' ,  , . -. - . . . . *:,. 

; i 
; L, Using t h e  watershed and proposed developm;?nt from Example 

4 - 1 ,  c a l c u l a t e  t h e  r a i n f a l l  e x c e s s  f o r  proposed c o n d i t i o n s  
.,.... ." ,I, from. a:!25;y=Br$ r 2~4-h&~*:.stom'.by'.-thei:.~~~,.~.~rve.-' numberLmethod. 
;, : .. >. .... ; - & ...--a-.,..,,.+ 

1. From F igu re  4-1, t h e  2 ~ - ~ e a r ,  24-hour - r a i n f a l l  
! : r; :;> depth  i s  , .. 6.21 ., , inches.,.. , .... . .. . . ,  . . . . . 3 " , ,  6 . .  ,.. , ., . .\ 

.,. ,.. . ~. *. 
2 .   he-composite weighted curve  number i s  computed 

,-> 

: clo !: r! 12 ,.:.:;:f rom,.:.~q&ti6n.!"'.4-6'. .(repeated: below)' .>:- . . , .  
, , . .. . 

, , ~.. 
a s  fo l lows:  ,(A ?, . , ;. 

a .  From Table  4-6, f o r  ' ' w ~ o d l ~ n d s  ' w i t h  good ground 
cover  on hydro log ic  s o i l  group A,  CN ='30 

1 
, j t ~ . 4 ' , . $  >;: ,,,, ,y., :,)' ',,~ ' ' >. 

G 
b. Fiom.W-'Pabler~4-6 ,.::,for-woodlands 'with good ground 

,. . . . .  cove r  on h y d r o l o g i c  s o i l  group :D, CN = 77 
. ".,.,:. . -, ::* - -, ,  ,, .;,, . ,.I*;? :: ;9 e;'.?, , 6,:: . , . 

\ , , , , ,. , <  I, 2 ,7,:, ,. >.< 3.>,;:;*;.. :3 L; 2iqJ.Z: ::.>$,>:! 
, . . :, I.... ;:;;.$ . -. * : .,<v< ,. , ;.,,, v 2. -.. - .w v;.C :.!. &&-:T&l;i;4-5, ..,,!.,!, , r:.*-,. i.* . ? 

. j  , p i _ ,  
f o r  ' r e s l d e n y ? a ~ " a r e a s  , . ... .. w l t h  " 

i , "'.') .' ' . ? S  , ::4,t$,".:.,r.L~..:,.:.~e. 

, ,. lo+ 18'-&re. B,,.. CN. aye rage"1o< '&i~e" ' bn  ..= 8 5 . ~ , . : . . ~ -  : , ..; .. ,,iij;drologlc . . , ;,I.,-f , s o l 1  >:, .. 

3 . , . :  ,.&i!~"': ::, . .' , "  ' ,. , 

d.  From Table 4-5, f o r i n d u s t r i a l  a r e a s  on' 
l,;,ijic."S~21' irdup! ,D;I/;'CN -= .. , '9 

. :.. : 
. ,. ,. . ; f ; ;  ,:i.:;.,. ,,; , :sL:+::.;,,. >:*.,+ t,4.:;::+.. . . 

, . .  .. , ,.., . .>. .', " . . ,  

, , , . .  . , Curve ., 
, .... . . , , ~  , .  . -Area:< , - . ~ ~ h ~ . , ,  '#:. i,:: ::*Niimber 

. i n  Acres Sub-Area 

- 
. . Total ' 50 

,, .,. ~ . .  *. 3,700 
-.. .'. : * ', e ,! *'. , . , 

C . ~ 



. , , .. , 
, , . ,  . . . . . . . .  , .  - . . . . . . . . . .  . . 3,700 - .-: . , .. , .  . , ,# 

CN ,= , CN = 74 
, , , ,  . . 5 0 

, 
, , . . . . . . . . . . .  , . ' , 

. . . ,  , . . 

0 
1 , ;  ; ' 8  , . ' !  ,',., . . . . . . . . .  . . 

. ::,,::' . ..* ;,: 3.: ,,, ,.i,lFrom,.Equation . . 4-3 ,, t h e  maximum. 
~. 

i nches  i s  
. 7 .  , . . . . ~. . . , . . .,., .', . ,,, . ,  . , L , %  :,.. 

....... 1,000 -10, s = :3;51.: i . . ,> '  , . , .  
S = riches .. 

74 
~. .... . ,. , .. .. . . . . . . . .  . . . . . . . . . . .  . . . . . .  .... b ?*,<. . .% ....*.. . -, i - i. : I  

4 The r a in fa l1 . ex . ce s . s .  is, computed.,,using- Equation 
- 4-2 : 

. , 4.4 TIME OFCONCENTRATION, 
..2'..$.JG,'J. 6 ,I.;..... LV . t i " . : ,  .,Y ,:.;, . .  ;,, L ,?,'.~"$ - , . . ~. . 

. . .  . 
, , :: L,, . .  ,;, !.< ~::; ~~, .,:,< .,., ,:,,:7.:, "':; . ;,42 ... ,:..:.'c<.>'. 

~ h =  ' t lmeAbf  concentration, tc '  i s " ' t h e  t ime r e q u i r e d  f o r  a 
h y d r a u l i c  wave t o  t r a v e l a c r o s s  the;yatershec!. I t  i s  o f t e n .  

' 0 .  , ' , . [ .  - i ,  I < :  

approximatedpas  , . , A +  * , - . ,  '$he 'time ' r equ i r ed ,  . , . . foryrunof  I >. .  - . f  t d  t r a v e l  from 
t h e  h y d ~ a u Y i & l l i "  &kt' r&o*' p a r t  &f.,,:the, . . . . . . .  .watershed t o  t h e  ,<, . . . .  
p o i n t  o f  r e f e r e n c e .  t , . 

. . . .  , . .  . . . .  i ,  . ~ 

, , .. 
4.  s ,. , 

TO c a l c u l a t e  t h =  t i m e  _ .  ..of ( , . . )  c o n c e h t r a t i o n  . . . ,  , o f  , .,. . a ;  watershed,  a t  
l e a s t  t h r e& ' .&u id f f  compciIients should be  considered:  

1. , . .  Oyerland 
2 . ; , ~ , n , ~ ~ h a l l o w  channe l  ( t y p i , c a l l y  'rill o r  g u t t e r )  
3. .,:,,Main channel  q . . ;  ! .  

_ , '  . ,  
, . . ,  ,, a .  . , , , 

The veP&ify ~ e t h o d * i s ' - i  segmental- appr&h. . that  can be used 
to  accokbt  f o r  each;:bf t h e s e  :cdmponents.' The average 
v e l o c i t y '  f o r  each flow segment..l'ijeing eva lua t ed  is cons idered  
and a t'=$lel t ime c a l c u l a t e d  uskng ' t h e  fd l lowing  equa t ion :  :.. ;* G ,>, , . -,-,., .,..~, 



where : . . .  , .  , . , ,  

C . . , t .. .= ,Travel time -for .flow :segment:' i, in minutes 
, 1' 

L = -Length of .the. if low path, jf or!'-Segment i , in 
. i feet 

. , . . . . , . ,  
~ , , :  ,' . , 

,, ,, , , ,  , ,,<::.. . ", , . ! , . <  a ;:;:., c '  , . . , , '  : : ,>  . , : . ; a  , , . . .  :::, " : ,  

v = Average ve1ocity,:for~segmen't i, in 
i . . feetLsecond 

', . : . .  : : :  :.:" , ., . .. . . .. ' 

The time of concentration is then calculated, expressed as: 
. . - .  i . 1  . . ' ; G,>..,.. .,* , :.. .., 4 , ,  ,:.: >.; .,,,. :.i.!.','". ... ;.: 

t = t + t + t .  ,*,,.I...,- t 
c 1 2 3 i (4 -8  

,. . where : . :.!.-. ., - > .  , ,. , . , I , . , ,  . ~ .. . .. . 
. , 

, ,  .~ .:::,, . 

t .*. ,.. . . : ., .  ,....I- ,::.-.. .;- , .  , ' !  . . .  ,. . , " j/ > :  , , , - , ., . ) , . ,... 7 

. -,.,ii:, i,., i t  .. .!, t =,;Time. af.:.concentration;.:.in :minute 
C 

. . . t =,Overland flow .travel time, in mihutes. . . .*,,!': 
1"' 

' , il' .:, . .. . . , , '  
% .  

t = shallow channel (typically rill or gutter ' 
, . 2 , . : . ; r . j .  1.: ::flow,) .traveL.,time:, .~in.,minutes~~. . ,.,$,,.., .. ,,, 

, t,.= Main.channe1 $travel time, in-minutes 
1 th, ; -- . i., , . . ., , j i . 8  . , , .  

t, = Travel time for the i- segment, in minutes 
. . . , . I .  I ".. . <; ,>: < 

. , . , ... ,,,,, ,. . < . . ~  , , , .  8 ,  1 :  : . .  , , :' L\C.., j ,  

~~ocedures::.for~,estimatin~.~the-.'average flow veloc.ity are 
. - .. ; .> Y discussed in subsequent sections. : .  . ,  .,,. , 

'4 i? ,I t , , ~ ~ ~ ~ ~ ~ ~ ~ , t  FLOW : - : . . , . . . ,  1, . . . ~ .. , ~ .  . ,. , . .,.;,,:., , ..,+ 
. . .. I.-. i , . . . <> .,. : , , : -  ' 5 ,  9: ; . ' . . . .  , .:. - :,< .:. , . . , 

The ,lengt,h.af ,the,non-con~entrated~.~o.verland~~flow <segment 
ge.ner.ali~~shou.ld.:~be .i limited to;.300, feet :(Engman,t.;1983) . The 
kinematic wave equation developed by Ragan (1971) is recon- 

~mend~dofo,r;ca,lculating .. . . ..:the..ltra'uel : t.ime-for,, such overland :":,.: 
-,flow ,.. .,. . . con.d,i tions .i.t,.lPig,ure 4-4 ,presents-:,a ,?nomoq:xaph.*that ca.n;: 
be used to solve this eq~ation~;~~which;is ... expressedm:s,:.:i,.:..ft<i,s::i 



where : ' . . . . 

, . ,  ;t = Overland flow travel time, -in minutes . . 
1 

0 
. L ,=..Overland flow length,, in .feet -- , .  . 

. . .  

n = Manning's roughness coefficient for overland, 
flow~,,(see. ,Table. 4-7,)' *: : ' ,  : . .  

' . . . '  , .  , : 

I = Rainfall intensity, in inches/hour 
, . . , , . , , . ,., ,.. . . , .  . . : . , : , . . . . . . -  ,. . , , , , ,  i t ' .  .- , . 

S = Average slope of overland flow path, in 
feet/foot : , . ' 

Manning's n values reported in Table 4-7 were determined-. 
specifically for overland flow conditions ahd are not 
appropriate for conventional open channel flow calculations. - 

9, Equation,. 4-9.,generally entails a ,trial. and, error: process 
: using the following steps: 
, . 

, . , .  . . - : ,  
. . 

. , . . .,, ,. 
f .  

.. .. , . . . ,. ., , .. . , . , ~ .  .. 

.$ 1. Assume.-a itrial va1ue:of. rainfall:.intensity, I. 

. , 
2. . ..Find, .the ouerland travel-;time," t. ,, using 

1 Figure 4-4. , . 
. , . . .  ..., . . .  , . .  

, .  , . .  ' .  * , ,1,.; . . .  :1. , .' . . 

3 .  Use t from Step 2 in   qua ti on 4-8 to'find the 
.,.ackual rainfall intensity: for astorm,duration of ' 

. . . . . ) : ?  
, .  . t (see Section 4.2.1) .-..' i.:. .. ~ 

C 

4. Compare the trial and actual rainfall, intensities.~ 
If they are not similar, select a new trial 

. . . . ..-rainfall .,intensity, and',:repeat thel.grocess until:' " 
, . . .. ., , .  . both trial :'and aciual rainfall "intensities :agree. 

. . ,  
. . 

.. . , . , ,  ' . , ,  . ,  , 
. . . . , , .;., l i  . , .  \ : ' , . ,  ;.. . 

SCS. TR-'5Suses .a non-iterative :approximation to 'the"ove.rrand 
flow travel,: time. for ::f low :.paths ..of less. than ::3;00 :few.: *This 

, . , . , <' > , . . ',, " approximation is':expresse'dtLas , , . . . , .  i . . , .  



C' where : ,. . . , .  . .  .. 
, . . , . . , . . , , ~'.. . . " ,. ',."."*,L & '  .,' - : 

tl,A~*,:Oye~land .f~low,,,tra~el~ time, ..,.in' minutes::+:,..:-+, , 
<,,.>.:,~p ;,: ,;:, ,-,: ,d<:! ; ,,! ,j~:iz?:fik;f:, ;, >.., ::;..: , ,.:,;.r4,:!, ,.:;,:xq. ::.2:;:, ;-,:: ~ .,*,,,: *,,> ............................ i2.1.:,!,.:,z;,, 

&.+. ., , .. : ,:.& . .*. .PZ:. .. ;vi ,2-xeaqr7c.2 4-hour--,-rainf all cr..:in::inches:r;. ~.i&:.>:~., 
., , , " ., , , . %. . , , , . , : . ne:? ,,A :>;>:?...:$;,"- 

and the remaining terms are as .defined in 
Equation 4-9 ... , . . .  , , ,.... ..*,. , ....,. . . ., : .<.."- ". ;. ,;,:. :. 

Equation 4-10., ... !is:,.-based. ..- i;.- .. on.: .. . , a,bsingle:-rainfa1,l ,. . . ... . , ., . ... .. , , , . , . . :int.ensitqzfrom~. . , . ,, . a 
2-year,. 24-hour rainfall event. For many: cases', this appro- 
ximate method,yill~:,~ield. ;acceptable, results; :..however:,*.;;f or*,!. 
very, flat. or. .ve atersheds; , overland: ..flow .itraueL ... : 
time . sho~ld~,be.~c ing:.:the. iteratiye.:method. if orrr~qua- 

. tion 4-9. .. ,.., , ,' l ! -,: . , .  . .  . .  ..,,.. , ,; ,. :. ; .. .,+. . . .. : I .  , ,.( : :. ,,. ... . .,, 

The overland:.flow , , time,:has:.been predicted by the Federal 
. .,Aviation Administraion ,after analysis of ai&ott areas..;toi be :.. , . , 

. , ..as f 0110~s:- :: , . .. .,., . .~ , .  . , . .  , , .;. i . 
. , 

, ,.;,:- 

L' .: 2': . . . - .  :i. 
t = overland flow time,,.:;minutes , :.:j.i ,;+ 
c = rational runoff coefficient. ,:-:;:,: ,..., 
S = watershed.,. sl,op.el:[avg. ):, : 
Lo = longestdistance of overland-flow to 

; ,.. . L >. A : ,  the.:.collection point,:.feeti: . : ,.:,.: . .',:<.,,. !,:., 
. ,, , .. 

, , A, 

For irregurlarlq! shaped drainage-areas, it will .be necessary 
to e~aluate ,;~ey.eral~alternative:,.overland. flow.: distances. 
, ;..; ,:,.*.-d~: . 0.: :c.. : ::'.; ,:#A,$; 2 r::~);::.,! , Lr::.. . : (. .. 

, ': . / I '  

., . . ... . i r . :  
. , r ._  . . , ' , , ,. ,, 

4.4.2 SHALLOW CHANNEL FLOW 
,G I '  . , . .  , .  

Average velocities.lf or. ... shallo;.. channel flow in rills and 
qdtters can be. obtained direct1y"from Figure '4-5, if the 
slope o f  the flow segment in is known. If the flow 
path: length ;and,.@yerage:, yelocity: :are :.known,:,the travel time' 
is estimated using ~~uati'on:,:4-7,& ,Other ,types:.of ;:shallow . , 

channel flow c a n b e  evaluated using the 'conventional form of 
Manningr s : Equation (s&+Chapter, 5) . . . .Additional,,:procedures 
for evaluating gutter flow ..,t 'velocitx: ;'a,! . , !are presented in 
Chapter 7. More than.,.-one:.segment -of !.shallow, channel flow 

p can be considered, to;represent~ changing conditions. 
L , . , .  ... 
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4.4.3 m I N  CHANNEL FLOW 8 
Average.:velocities~for main-.channel flow :should be evaluated 
using bankfull conditions and the open channel procedures 
presented,. :in::Chapter '5 .::ti More -than. :one .main' channel . flow 
segment can be used where necessary. 

~. . ,. , 
, . , .  , ; , , . .., .,, , c;,: :i;. ":.,',,!.,. .> > .:,..,: : i  .... .,, ", , . ,  

4.4.4 EXAMPLE PROBLEM . , ,.,!,,a ,i,: .AJS;.', 

Examplie, 4-1.. 2s' cabout 2,000: :feet,:%n length with a': Yotal 
elevation change of,'about: 40.3 eet.. . '  This ,,.f low"path,..:may be" 

,:<. , :  . , , . , ~  , --divided into the following three segments: 

. . - ... , .- . .~ , . , . .  . . , '  :: . , :,:: Segment.. . Elevation:' .-%, ' . , " A $ ' ,  

.:$:Segment , ' m; t, ,L&ngth.: ., . !: : ;: chirige :1-1 .slobe 
No. Type of Flow (ft) (ft).-;,~.:" "s,:  (%) 

..,, 

1 Ouerland -(woodla$d) i :  .: ' :250 2 5 10 
2 Shallow channel . . .  13 1.7 . ., . .,.. ,750' : ?  

3 Main channel I,ooO 2 0.20 ,.: ,.: 

n = 0.025 0 
Depth . ""2 :.feet :;', 
Approximately;',rec 

, . , . .. . * . , . . , . ' , .; 

Compute the watershed- tiie.of cdncentration.for a 10-year ~ 

storm. 
r :. - , , .~ .. .,, , *. : . , , ,  " ., , . . , ; ,  : . .. ;..:., . . , I  .,. , , ,, .,+,.... j, ,. ;.: 

.i ..;. - Compute the overland flow- travelltime ,:-tl., &sing 
the SCS TR-55,method from Equation 4-10 (repeated 
below). 

, . . , ,  
, : , : : . ... , 

4 .. . , . ,  .. 
:,. . , , I . , - . . . , A .  , . . . , . . , , ' , ;.. -LC> <ii:::,,"., .. 

, . . .. , .  . ,.From.,Figure, 4-1, the ,2'-year,i24-hO~~f.r~infall : '.: 
,'. 

eptk2rp2 ,' 'is ; 9. 7 8  .inch&: e . : : , $ d .  !.hi,.. ,,. , .~:'g:.ia i 3 ..: ., .. ,. 
. . 

. . I * , .  , '  
... , : ; , a , . > . . ,  7i*,.:.,!.. ;>,,,,.A $>r'.i: .&,, 2 .!3&2:!,?J: <:,.2;& #:<c ::,:*:., , .,,. .,,?,, :? ,.! -:5,.:t;:,::,:,,, 

rom;:,~&ble? 4-7,: f or',.Qoodl&ds; n:;= : 0'. 45.. c ' ;:t', ' , . .,.: 1, 

I , , >.. . . , . .. . , .  il, ..; 
, ,, , ,  , . . . .". " , A V  :* .,>, " .; :: 

, ..:,:,," ;,;,(3i38)0.:5!! (.0;10),,0.4, : . . '  . , . . . , ..*? , ,. ' 

tl = 24 minutes 
0 



2. Compute the shallow channel flow travel time. 
. . . . .  

From Figure:. 4-5, for' a slope. of 1 ..7 percent, the 
flow velocity is 2.6 feetlsecond. 

3. Compute the main channel flow.~ravel time. . . . .  ,z!,i, ,: . .  , * 

. , The flow' velocity is given by; Manning's Equation . c;:, . ,.,, , . :  ; . . . . . . .  .,.I _I .: . .  E - .  !; ; . a *  :: I  ti^^'"^^), , 
. . . . . .  ,- . < > ,  ~.,.: .:c .;. . . . .  ,,.:>, ; .,;.. ,; < '  ;. ' 

, . 't  
1.49 v = R2/3s1/2 
n 

' , :  1 * . . I., ., 

I 
. , 

For a rectangular channe1,with al0-foot bottom.. widdh and of eei',, '. \ ~. , , , ,  

I . , 
..i. u.< :.> ."i,,.4 , 7 L1 

.., . . . .  . . . . . . .  P, 
" . !  

2 .. x,, lo) 'l [i (2) +it,] .,' L 

L s?.;><::>3i: 'c!;"..::,R::= I (  I :..< ' ;., . ,., . : ,*:+. , . , , . ,  

I R = 20114 = 1.43 feet 

.. . . .... . . . . . . .  . . $.,'. i + . ? . :  i v :,,, = ,.,. 13.4 , ? ' .  feetdsecond , ; , ,?  ...?,. 9 h . .  . . . . .  ,!a. -, ,. ~. ~ . .  - ,. . . 
, .~ . , 1 : 

. . . . . . . . . . . . . . . . . . .  , . : " '  , , 

By Equation 4-7; I . _  I 
. . ;.; ~ , ,  

' . . 
1,000 ' : ' :. 

. . 
. . . . .  , , 

t - , . . . 
8~ : . . . . . . . .  

3 1 (60)(3.4) ' .  
I 

t3 7 4.9 minutes 
j :  , > . .' 

. I . .  . . 
I 

compu' te the watershed time of concentration. . . . .  :.,,. i.,:, s, *z .,' , , ,  : .  

. . 
$ 6  L , .,,"* , . . . , & .,. .I.. $ < ,  ..... :' ! 

C 
= 34' minutes ' ' ' , , 

5. Check the time of concentration using the kinema- c' tic wave equation (Equation 4-9, repeated below). 
I 
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, .  . . . . ;, , . , t  . ' ~ . . . . . .  . .  ~ . , . . 
L0'.6n0'.6 .':. 

. . . . .  , .. . . , , t = 0.,93 
. , . . , ,, . . . .  12 . , ,, ... , .  . .~ , .  I0.4s0.i3.. ,;. 

. . . . .  . . ,,. .. " . . . . . . . . . . . . .  .. , . 

From Step 1, n = 0.45. From Figure.4-1, for tl = .... ... 
24 minutes from Step 1,'the 10-year'return fre 
quency rainfall intensity is.4;05 inches per hour. 
Assuming the rainfall inteniity:.to bei.4. 05 inches 

>,I, ,~ 

per hour, Equation 4-9 gives ' 

., . . , . ,  " , .. , 
~ r b h  ;step 2'; t'i: 1.4,. 8 mihut&. ,;"~rbm''~te~ 3, t3 = 
4.9 minutes. From Equation 4-8, :>,: r .  d,,,!, 

. . , . 
. ~ ,  ' .  . I .. 

. . . . . . . . . . . . .  , 

r z  tc = 18 + 4.8 + 4.9 ..< 
:,i 

From Figure 4-1, for.tc,,= 28,1minutes, the 10-year 
return frequency raiiif all. intensity is1'. 3.75 inches 
per hour. . . a ,  . . . (, , . . , , ' . 

0 
' . . !. >. 

Trial rainfall intensity: and computed rainfall . . . . .  . . 
intensity do~not"agree. . . . ,  . . , ,, ,. . ) 

v , :  - ' 

:I: 

6. Repeat computation assuming rainfall ' intensity is 
3.. 75 inches per hour. ' , . .~ . . . , , i :  0. ' ,  \ . , " 

( 2 5 0 ) ~ ' ~  (0.45) ,,: ,. 
t = 0.93 
1 (3.75)0-4(o.10j0-3, . ' . '  . ,, .: , , 

tl = 18.6 minutes 

. . . , . .  ' 

" From Figure 4-1, for t,= 28' miniites; rainfall 
intensity is about 3.75 inchesdhour. . . . .  ': , ,,., >. . +  ,b -. , 1 

Trial rainfall intensity and computed rainfall 
," ..* ... ~ ) ,  . . . . . . . . ' .  . . .  . , intensity agree. $ ~ ,  
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7 .  Use tc = 28 minutes. 

Note: For t h i s  steep slope example, the SCS TR-55. 
method overestimatesthe t imeof  concentration by 
about 20: ipercent .. This :demonstrates ' the need ' t o  : 
check resul t s  from TR-55 'for, 'extreme' cases.  

.... 





4.5 PEAK RUNOFF RATES 

4.5.1 GAGED SITES 

. :  Streamflow-.: and ' flood 'frequency::data..for. gaged watersheds are 
available :from the U.S. Geological Survey (USGS.) and TVA for 
selected:: streams,) :a& ' presented :' in' ~bble. '4-8. - 1R'''the 
that. stream'flo~:ine8surem~&s':hav~~~nbf ",b&n'hnalXzed to 

~ ,, :. ' 

develop appi.opriateL flood.'.,f requ&icy .-cu&es:' ' guidelines 
presented b y  the U.S. Water Resources Council (1981) should 

, .~ . . , 
be follo,$ed.;,: .;;' , , - '.";.",;, ' ' ,,, '. 5. i { < !  . . .  *. :. . . . .  -.2':> : , '=r> '-. - - 

I - 
,. . .,.. 

, . .  .. > .. j . .-:, -,-:. .... . . . , . , . > ,  . -  . , , . . : 

The ma jo; drainage basins in' kunt&ill&-aie Aldridge Creek, 
Spring Branch, and Indian Creek. Smaller drainage basins 

, . 
areLtributary.'ko:Dry'Creek, .Mc~onal'd Cree'k, Bradford Creek, 
and Betts Spring Branch. The ~ldrid~e''c&ek Valley water-. 
shed, which drains an area of 21.7 square' miles,begins in. 
Huntsville .near' U.'S..l~~ghw'ay' 431'and:flows"south to the 
~ennessee River. The valle$"is'~:genf ly .'~sioping, with broad 
flood plains.and a'number of small tr2butaries. Development 
in the v=lley:is residential -:anad'has .?ocdurr=d C6" 
some ' extent in the flood plain. ',, ... - ,;I. .::>#.~.".:.;!.; > . . . . . . , 

The ~untsville Spring Branch .~alle'y drains 85.7,  squafe 
miles and i s  a broad, undulating-to-rolling belt traversing 
-highly ~developed:municip~l~'.and.~commiilii~y ~piop&ty. The 
numerous tributaries flowing into .~untsvilTe":"~pring Branch 
include Pinhook Creek, Fagan Creek, Dallas Branch, and 
Broglan .Bran'ch. Pinhook Creek ha's"5een'h 

. ,. . ,. , 
eldped for 

' .,~ ;, ; ,: :a~number.,df years. , , ;  , ? .- :,, : . . 
, , ,  .. . . .. . . , .. . .. , 

. > ,  .,, , . _ _ .  ' I  ' , f  . . ,  .. , , . ,  . . .. , 

The southern portion of the City is affected by the Tennes- 
see. .River. --:,The."system of reservoirs operate'd 'by- the TVA on 
the ~ennessee :~iverand,-,its 'tr$&.iarie.s' now :comprises 
33 major projects. Out of the 21 multi-purpose projects, 11, 
'are. .on tributaries ancTi5 are'on the' &ih~'riv'eri"u~stream from 
Huntsville. Fourteen of these up&?&ih ,proj:&ts 'reserve 
storage space for the control of flood flows. Their 

. . .  . , .., * I I . ,  :.: ,!,a 

combined effect is to greatl~':all'ev.iat&~.:.k~o~d'~~:~ama~e threats 
at many locations in the Tennessee River basin. 

' ..,, . .> , .., , .  :,I, ..: :,*. '>;-. Y.*,? ,~ ,. a,.,..: .,;,,, . ,' ' :;,. .>', ', 



where : 

. . , .,d".i. 
, , , .QT =..Peak . ,  . *  r u n o f f , ~ . r a t e : : . f o r ~  .. ,,.. , , r e t u r n  period,..T, i n , c f s  

. . . . .  . . .  . . . . , .. . . . .  ,, ' . I .  , . ,, <, . ::'. . . . .  / . , .  \I , , " , , ? . ~  , . 
,;,. , . ,  ' ' , . 

...... . ,. - .2 

= Runoff,  c o e f f i c i e n t  :. fo r , . r e tu r .n i : pe r iod  .T, .  CT 2 , :. , ,  . 
pres sed ,  . . , , .  ,,, a s , .  ,,. the.~dimensionles,s.,ratio. , , , , ,  of  . .  :, 

. . i n f a l l .  .., ., . e x c e s s ,  . , , ~ ~ ,  " , . ,  t o .  . t o t a l  r a i n f a l l  . . ,  , . ,  , . - ,, . . 
. ~ . : :. , i 

. . ,  . .  . , . . . . .  . . . . . .  .. 
. . 

.... . , .% i, .: , :.$ .:: :> -: 8 
. ,  .. 

I' = Average r a i  ihches/hour. ,  , 

tc d u r i n g  a pe r iod  of t ime equa l  t o  t f o r  t h e  
., ' . r e t u r n  pe r iod  T , . , . , 

C 
', , "  . . . . ,  . . ,. .. ,. , .  . , . ,  . '  

. . . . . . .  . . 
, . .  . ' I ,  !: " . : ,  . . '  . . . .  . , . .  , . ~ .  

. . . .  . . '. - . c  t ". = T i m e  .of c o n c e n t r a t i o n  .(see, Sec t ion  4.4) .  , ii, 
. . .  . , .  minutes ; . . , . . . . . . . . . . . . . . . .  , . .  . .  . _ ,  , . , ,  _ _  ( i, . ' '  , . " '  .! 5 ' .  . , .  

, . . . .  . . . . .  . . , . . . ,  .,, . ' '  . . , , ,., , . , , ; :  , . . 4 : ., . . . . Z ' ~ ,  
: . #  . 

,. . . ,  A = Watershed &dra inage  , , , a rea , .  i n  a c r e s ,  . . .  - , .  ,. ., . 
, t o  t h e  ;design ; p o i n t  . , . ' . . :' 

, . ' .  
.., , . .  

. . , ,. , . ..' 
, .  . . . .  & , . I  +:,/, ... .;:-, . . . . . . .  : ! . ' .  . " - '  . : . . .  . . . . . . .  , " . , ,! ', >,. ,. 

:. The ' f o l l o w i n g  _, . -I . .... d ; _ k r o c e d u r e ,  , .~ i s  , ,recommended,, . , f o r  , .. u s i n g  . . .  . t h e ,  :. . 1 . ". , ,.. . 
:' ~ H ' t i o n a l  ~ e t h o d :  ' . . .  .. . . . . . . . . . . . . .  ..... .; , . l L .  : .  : :, . :  .. . 

1. C o l l e c t  qatershe,d ,da ta . .  . . . . . . . . .  
r ;:, ..! ','.., ,. . ,; . . . . . . . . . . .  .. , ,., ,# 

. -  . , .  . , C 
. , .' , . ,  

. . 
. . . . . . . . . .  ;; 1,: ' :; , ..;  . : , , 

, . , ,  . -,,. . -  . , , :., - .  '. . -- . . ,  , , ,  . . . , .  I .  
, . .  ~. 

2 .  , Calcu la t e .  t i m e  .of concent~~tio~n,,.us.ing, i n fo rma t iq?  
, . , , . ,, , ,, . . , . , 

. . .  , . i n ' ~ e c t i o r i  ,4.4.. . . .  , . . . . . . . .  ... . . .  . , 
, . , ! . : .  ! , ,,. . . . .  , ,  , c s  , ' . .  . . . . . . . .  :. 

!. :,' .. .. ,.. . . . .  . . .  d . .  , . . , . ,  . ,  . 
, , ,  

, . , ,  . '.>,,. : :  . . $ ,  : . 3 ,  . ,~ . : .  . 

3 ., . , Use:.,the , IDF :.:. c.u,rV? .in, F i g u r e  ;4--1 t o  , ,determine <:.the . . . . . . . . . . . . .  
average  r a i n f a l l  i n t e n s i t y  f o r  ,:the, r & t u r n . p e r i o d  :,T 
a n d ~ t h e  t ime  of c o n c e n t r a t i o n ,  t-, from S t e p  2. 

. . '5 . . . .  , . . . 
, . . . . . . . . . .  ..... > , . . ,  1: . ~ .  ! . . . . . . . .  ,.. , , . . )  

. . .  . . . .  - 4. ,..: .., Obta in  , .  ~ a =unof, i  , c & f : f i c i e n t ,  . f & . t h e ' ; . r e t u r n  p e r i o d  
. . . . ... . . .  T,.  . . . . . . . . . . . . . .  u s i n g  t h e  inf~rma~ion-,ik~~~ecti.oi . . .  :4.-2. : : , . , , ,  

. . . . . .  , . ~  , ? , - .  

$ . . .  . .  :. i ; ; ;  ;., , , 

,:, ' '  .. , , . . . .  e ,peak. runo'f £ ' . , r a t e ,  for . : . th& re&ra . .per iod  
quati .on,  4-.~1..- , , . ,.: . . . . . . . .  . . . .  .; i - . . . . . .  ,.. > .; ., . . ,  : 

. , .  

. ,. , , . . . .  . . . , . .;<. . . . . ' . . , . . .  ...... . .  , . . .  : .  , ., . , 

Flood f requency r e g r e s s i o n  e q u a t i o n s  were developed by t h e  
TVA (1986) a s  p a r t  o f  an urban f lood  s, tudy, , , for  . . . .  sma l l ,  : ., 
ungaged, urban watersheds  i n  ~ u n t s v i l l . & '  wi.th'&$inage a r e a s  
between. .:,.. . 6.0. ,, . and . 3 ? 200 . . . .  ;I., a c r e s ,  ..... ,.. and wrLth . impez.6iousn~ss~ between: 3 
and 50 pe rcen t .  These equa t ibns  ' a r e  &pl ' icable  on ly  where,  0 



. . . 
the .impact - from manmade structures-and channelizatiun'is;.. .- 

' i . : ' : ]  ; insignificant. . .. ' "  . . ,. ~ 

. ,  . ,  ,. : ,  :. . . . , :  . . : .  

The TVA regression equations and the TVA graphical flow 
. . frequency estimategl'preseneed.' ...~::'sec~~on:'~';!~ :&were. .=ompared 

with results from USGS regression equations (Olin and' , 
&ingham, c.19 7.7) .,-~,~,..si~ilg~ result~::were:~&~;ffied:fl'f rom.'$ater - 
sheds with an imperviousness of about 20 percent, but the 
TVA rerationships"lyie1ded. be'tte~::'e's't'im~t&s'.~~fori Sther' 'imper- 
viousness ranges. ,AS a 'result, the TVA relationships are. 
more 'representative of urban conditions in ~untsville and 
should .be.ru.sed'instead"'o'P;,the; 'USGS' equ'ations.'.''r :.: 

., , , :  . <.. . . , . 
I .  . i ,  , : . ,  , . "  , ~ ,:,,; .., , , ,?,', t , ', 

The TVA regression equations for the 2-,.' lo-., .50-, loo-, 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 
area ,.and .imperviousness.:are...the, only. watershea',characteris- 
tics required as input for the equations':';:.The.tributary 
area, in square miles, should be determined from the best 
available sources;. ~including:?tfie US~~:;1"=2.,000~*,. topographic . 

. 

maps andthe City's 1"=200' maps. Imperviousness,,,in per- 
,.cent,iishould be .determined~,'ffom act,ual;:orfipr6~osed imper- 

, . 
vious ~surfaces,.~such'~~as~~robftops and pa~edlareas,. , Unless 
specific developmenti plans. are: aveikable it~"-~provide better 
estimates, imperviousness associated with future development 
may be. estimated 'using'.the-'typical .valries.presented ,in 

. .. . , . ,.:' . ' . . Table 4-10., . , . ,  . ,  

4 .  5. 4 TVA GRAPHS; . 1 :. - .  , .. . , . ,. . . 
, ~ .. .. , ', .., ,." ' . .  , , ,  . . . 

Graphical flow frequency, estimates were developed by the TVA 
(1986) for the selectedrstream reaches listed in ~a6le 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 hydrologic methods are , 

required to develop flood hydrographs or to account for 
routing through stormwater facilities. 

4 5.5. SCS TR-55 ,GR~PHICAL ."METHOD .: . . " A  * .  

. . *.li . . . . .  
&,";',I , ,  : , ,  . . . , L * ' ,  . . ~. 

The SCS has developed a graphical-peak discharge method,' 
presented in SCS TR-55 (1986), for estimating the peak run- 
off rate from watersheds with a single homogeneous land use. 



The method. i s  based on the results of  computer .anal, ,-,,,,, 
formed using TR-20 (USDA, SCS, 1983) and is subjec.t'to the 
following limitations: 

! , , , ,  . . . .: 
0 

, ." .ic:; m ,. ,. - :. 
1. - -  Estimates :of peak, design, flows only. . . .  .:. b7 .. . , .. 

. . ., ,, , . ,. :, .: , . . >  . , .  ! . '  , . . . . . . . . . . .  :.. - 
. . . . . . . . .  , ,  ..". 2. ,; . _Design'storm , . .  . . . . .  = SCS ~ ~ p e  11 24-hour 

,, ., ., .. . . . . . . .  . . . . . .  ..... , . . . . . .  i ,  : . . . .  8 * !  .: #. . . , . ,~, . . , " : . 

. , ,~ .. 3 .  . , . Time,,of~ concentration, t c ,.of 0 .-l .hour , - < t . <,>lo' 
. , . .  . C - 

. . . .  ..... . . .  hours ,,: ..... 
1 1 .  . .  . . . . . . . .  

. . . . . . . . .  . . . . . .  i! . , 
4. Presence .of a single.. homogeneous;- 

procedure was developed using a DA of 1 square 
. . .  . ,  ,, , . . .  . . ,. . , . . . .  mile,.. , : , . .  ?' . ~. . ,. . ' . ,. , , . " , 

. . . . . .  , , . . . . . .~ > 
.. , , . . . . . . . .  . . 

> 5. Curve:numberi. CN,, of. 40; < .  CN., <98.,. . , : , , . + d i  . 
. . - '  - 

. . . ,. . " , , . 
. - -  ', . , r j ,  ' . ) . . i  . . . .  

. . ,  .6." , ; Ratio.: of ..initial abstraction to. br&cipitation, .- , , 

, ,  1.. / P I  of. 0.1.:~ I /P, ( 0.5. , - .  . . .  . . . . .  . . . . .  . . . . . . . . . . . .  ... .> . 
, , ~  a. - - a . . . . . .  

, , . . .  "* . . .  . ,> .,. , . . $ .  . 
.,, , , :: c i : . :  . . i , , ..,.. ;. , 

........ 7. -. Unitrhydrograph shape:.'factor, of. 484. . . ' :  .~ . . . . . .  
. .  , . . .  I . . . ' .  . . . .  . . . . . .  . . . . . . . .  .. . . . . . . . . . :  , , .  . . . . . . . .  . >  . . .  ..:, *. ..,,; ; -', , . > .  , 

..' .:., Only.., one,,main..str~am. channel: .in:l,.the watershed:~or., 
if more than; one. exists,.. nearly: ,equal,. t'imes. of , 

' 

. concentration for, the branches.: , ,  . , . ,. , . . , 

8 
, .. , . ,  . . . . . . . .  . . .  ...... , .  , 

. . ., .. , I. .:. j 
. , ~  .. ,. . ,  .. . . 

9. :,, Use,. of: the. 1986..yersion,.of TR-55 i n  place o f  the 
1975 procedures. . . 

10. No consideration of hydrologic channel routing. 

,,The,, graphical.,peak discharge,;,method :;described:,in. Chapter ..?; 
:of-..SCS. TR-55 is based on; ,the ~followingiequation: .,.. ; 

' . - 
. . .  ,, . ~ .. I .  ' .  

,. ,. . . . , . . . .  where : - ,  . . .  , , 

, . ~ , ,  , . . . . . .  . . .  .... . ~ ~ ' .  
. . I ,  , . .  ' 

Q = Peak runoff :?rate fo,r return period..T,, in :,c.fs 
t 

. . .  . . . . .  qu 
= Unit peak discharge . . f  from:..~ig.ure ,454.4) , : in : 
cubic feet pe'i.second per square mile per 

, . 
.-;.. inch (csm~inch):: : .:, . , . . . . . . . .  > ,( I i / l  . . , .  . , . ,  . 



. A  = Drainage, area:, in :-square .miles ;:. m . .; . . 
h 

L: . . . .  . . . . . . . . .  . . . . .  : ., . . , 

. ,  . . . I . . . *  . . , 2 .  ,.., . : . . & .  , .  . . 
. . .  . , ,.., ,.:. RT  rainfall . ~ excess, for,,return:.period T, in 

-, Equation,.,4-2):.: ,.i.:::,Lgf,,, 

amp adjustment factor .(see Step 5 

. ..... :.;.. .:! *.,;j.;t 1: <:t:,.;,,: :;';> :'z:;:!,.j''{,;. 

2. The runoff curve number, CN, is estimated using 
the procedures of Section ..4,.3.2.. and rainlfall~,::. :. 

. . . . . . . . .  --,. 
excess is estimated using  quat ti on 4-2. 

. . . .  ... . . .  - .  ... . . . , :  : ,:. , : I  ." ., : '  .. . . . . . . .  , t 

, ... : :* : ..;.:.:, i :: ..:. .,<: . ~ , : , , # ~ ' l '  ,. . 
3 The CN value:,.is used ito.,determine the,.iinitia;l,u::::. . ! : 

abstraction, I , from T,able :4~-$2i~.andrwthe. ..ratioO<, 
I LP is then cXmputed. 

a - . jd . . . . . . .  .--d,-i f+;& ?... ,+ .............. . . . . . . . .  :."" .*-. .:. , .:I 1 .  
4. The watershed time of concentration is computed 

using. ,the proceduresVlin Sectio.n,:14;,4 and +is:in.sed:: with'.rthe : ratio .I. ./P .'.to -.&G tain , the';unit 'pe~i-.-',.'..I 
a 

. . ... . . . ., . . .  dischayge, , q :, from. ,Figure..4-34. ,:If.,the raeio,.~., 
. , . . : I P lies. .ou!side. the .range,,.shown. in c,Bi.gur'e,.c.4-.314:, 

, ~.'.. ' . ' :  a 
0.1 to 0.5, another peak discharge method shculd, 
be used. 

. .  - . . .. .. . .  .: . . .  :s.. . .* '  ' , < I,*'.,. .I > , . .  . . . . 
5. The pond and swamp adjustment factor, F , is 

, . . , , . .  est.imated:.,from .below .(TR-55, :USDA;,. . ~ ~ ~ ; ~ 1 9 8 6 )  : 
, . ,., - .. , , . , , . 

I . :  . '  . . ,. . , 
, 

Pond and Swamp 
Areas. (%Ii .,. ., ,' , . :  : .  F .' ,.I,. . :  

, , 

. . . . . .... '.,..a>'l 

0 1.00 

, . . . . . . . . . .  ? ., , . .  . .: . ,: 3 a . O  .: .~ :  , ~ #  .; 0:. 75 :. . ,. 
5 . 0 .  . , : , . . 0.i72 

. , The, pond. and, swamp adjustment .$actox;,r F , applies 
, .  , . , 

only to pond and swamp: areas,.;:16cated..awgy from the 
main flow path. 



6. The, peak runof £'rate is computed using 
Equation 4-12. The same procedure should be used 

. to.estimate.pre- and .post-development. times of 
0 

concentration'when. computingpre- and 
post-development peak discharge. 

. . 
. . 

. . . .  . . . . . .  : , .  , .,, , ', . . . . . . . . .  ,,' : 

Since the 1986 version of TR-55 includes.extensive revisions 
to the 1975 version, the earlier version is no longer 
appropriate :forruse. : The ,1986 ver~ion'can'~be' obtainedlf roni 
the National .Technical Information Service,in'!~pringfi'eId, 
Virginia 22161. The catalog number for TR-55, "Urban 

', ~ydrology!~for~~Sm&ll~:-Watersheds',>".ds -~~87-101580: Microcom- 
puter' diskettes ,with 'PR-55' procedures are also available 

. . 
under catalog number PB87-101598. 

. . . .  . . .  . . . . , ' . . . .") 6, 

, .  . , . 4.5.6. OTHER TECHNIQUES, > ,' 

. , . . 
. . ,  .., 

Techniques other than those listed here may b e  used for 
.',.. computation .of design flow;--rates',. sub]ect to th.6 approval of 
"he .Public.wo.rks Department.;,;. > . , . ,  

' .  , , - ,  - 
, _ . .  ' ., , . . . 

4.5.7 EXAMPLE PROBLEMS 
. ~ . . .  , . ,: . ' .- < ,,,, ::t,,:, :.'? s.,' ~ . 5 . . ,  , . i , i c  '." . , ~  , , < < ' t  

Use :,the Rational .~ethod','-tocompute the1peak runoff rate from 
,the watershed :in:  example^ 4'-1..:.foir:''a 25-year, 2 4-hour storm 

. . I , : , , , ,  . . .  , . , .~ , 
. .  : . . . .  event.- . ~ ,. , .  r 

. . : r r '  , , , ., . 
, ,  , , . ,  

1. Total area of watershed = 50 acres. 
, . .  . . . . . .  , 

:,, '' 
, / ,. . . : .  ? . , . 

2 .  ' .From ,Example '4-1, the .25-year runoff' coefficient, 

3. From ' Example 4-3, the watershed ..;time of 
concentration is 

, % . ., 

a. ' '  By TR-55 (Equation 4-10), t = 34 minutes 
... C 

b. By kinematic wave equation (Equation 4-91, 
t *  = 26 minutes 

C 

, , ,. .4 . . . . 'From Figure: 4-1.1 :the"rainfall intensity for a 
, . . . . , . . . . .  . . . .  ~. , , , ; .  % . . . . .  25-year:;s'tom ;-is :,.. ,':. . . . a  . . 

. ,. . , .  0 
< 



a. - Fort = 34 minutes,,,,~~I. = 4.0 inches/.,wul 
C 

b. For t = 28 minutes,. I = 4.4; inches/hour 
C , ,  . ... 

5. The,peak runoff rate is computed ;from-Equation , :. : 8 I : , $  . . ,  '~ ..>,? 

4-l'i as- 'follows:. . - $.,! ..:: i j  : 

a. Using the SCS TR-55 method' for t : 
. . . . . . . . . . . . . . .  C . . . . . .  

. , 
= 116 cfs 

. . . .  , .. ... . . . . .  4 2 5 . ; ,  . . . . . . . . .  . . , ., ,. , , .... . , , ,: '.,.: , \,'- : . . : ,  ,, . 

, . .  . . .  , . 
i . I . .  , '0;; ='lS.'cfs . , . . , . . ,  

, . ' .  , , . ~  . . . . . . . . . . . .  . . . .  

Example 4-5. TVA Regression Equation Peak Runoff Rate 

The 50-acre watershed in ~ k a k ~ l e  4-1 has an"='Ltimated 
imperviousness of,about 30 percent resulting 'from , .~ , .~ ." ,(., > * , . ,.: 1. ..>. ' . I  

. &  Dey:&rsi.ne;Jth'ez 10-;"5~-i~,*,an8""100fyear ,p'eak 
r.. ..a...-. .... c runoff rates using the TVA regression'equationk:' , . 

1 i '~ .D=teimine! i~f : the8~tjate'rghe~~;c,iar&~~te;riii;'tics are 
within the limits of applicability of the 

- . ,  , regression equations..: . ., ., . . . . . .  
. . .:.. . , ,  . , 

a. Area = 50 acres or 0.078 square miles . _ ,i .,;_ , ? .  . ,.. 

b. rmperviousness = 30 percent 
. . . . , .  . 

, . ~ .  . ... . . .  , , ., i ' i  '.. ' ' . . . .  
, . 

, , , s . , .. , ,. , 
, . 

' 

The area is slightly less than'the lower limit of 
applicability (60 acres) and the imperviousness is 

. . within the range of agplicabiiity-"(3 to 50 per- 
dent). Although the area is les$'.than 60 acres, . .  , 

use , . the regression equations"'for .comparison.' 

2. From Table 4-9, the peak runoff'.rates,are as, 

.... . . / .  . , . .  . . ;. , . . ... . " ,. , . ' !  . ,. . 
... . .  0,.69 . . .  P 0 ~ 2 3  '?."=-:365. (0.078) 

A C30) . . . .  .. . .  . .  10 , '  , : . :  1 . "  :. . , 
. I -  . . . . .  *', . *& P'.l.j j.::CfS ,.C.' . ' . *  . , . , . . .  .,.,. I? . . 

'U 



Example 4-6. SCS TR-55 Graphical Method Peak Runoff Rate 
. . 

Use the SCS graphical peak discharge method' to compute the 
peak'.runof f rate from, a 25-xear, 24-hour: storm, event from 
the wat&r;hed.ih ~xample 4-1. Use the watershed time of 
concentration computed .in:Example . . ,  4-3. 

1. From Figure 4-1, the 25-xear, 24-hour rainfall 
depth is 6.21 inches. 

. ' : . , . 9  , ~. -, 

,..~ 2.. ~ r o m  ~ x a m ~ ' l e  4-2, <he composite curve. 'number; CN, 
. . . .  .is 74. . . . , . ..,. . . .  , ,. . . . ., . . ,  * . ,  I,,: ' I . .  ..:,, i 5.1,: , 

. , '. . . . . . . . . . . . . . . .  , , . . . . . . . . . . . . . .  
. 3. ." .From, , , ,  . ~~xam~le,,. . ,.,. . , 4-2 . ,. :step , , .  , 3 ?, the :so, 

...% . .  ... 
3.51, inches., , , ,, . , . . . . . . . . . .  . . . . . .  . . , h . , .  .. . ,, . 0 

, , .4. Using EquatJon, . . ,. .. . .,: 4-2,. ,.the,:rainfall, ,exce,ss is 

. , .  8 ' .  , . . . . .  , . 
, , , :  

. . 
R = 3.4 inches 
2 5 ~, . . . 

I . , ' . (  .. ,, . . 

5. ~ r 6 m  Table 4-12, the initial abstraction, 
'a* 

is 
0..703 inches. : .  , . . , . . , . . , _ . . . . . . . . . . . . . . . . .  1 _  . , ,  " 

. . . . .:. . . . 
5 , ,, . , , 

. . < .  .., . . , 
, . 6. , The. I ,/l; ratio is - : , ,  . , , 

i: . . a '  - : .  . . . .  
. . . .~ ... ." ,. , , , -  . . . , , ., . ,.. . . 

. ' I ' /P  = .0~703~6.21 ;, , : , . 
! ' .  . a ! , , :  . . . . . .  :. . ' , ,  

, 
. . I XP, = ..0.11 . ,  , , . . . . . .  I .  :. . ,  . .  

, . . ., a * . 3. 
. , . 

. , 
, .:., . . I  

7. From Figure 4-34, for the time of concentration, 

tcp from ,Example'.4-3 .of 34 ,minutes (0,. 57 hours) , , . > ' . , J  

and with an I /P ratio of ~.ll,'.the unit peak 
a discharge, qU, is 500 csmtinch of runoff. 0 



HUNTSVILLE--SMM , . . . . . . . .  . ~, .m 

8 .,- ,,-,The -pond - and ,swamp. adjustment. factor, F .., .-,, , . ,, .... 

C : .. since no pond-of swamp area -exists. , ? . . c . : . i - l  i 

i 

1 ,. . : 9. T h e  peak runoff, rate ;is co 
. . . . . . . .  . . 4-12,, as.:.foliows.: .:. . .: .. 

. . . . . . . .  , , . . ' I .  . . .  _. . . :  . . . . . . .  
; ,.. , . .,,, -.Qz5 :,= ~(.500).(50~640) (3.4 

.* , .  , .: . ,- .,. - - , . - , ' . . .  , . : ., . . . . . . . . . . .  . . ' . . . 
. . .  . . . . . . .  . . ..... . , Q = . , : 1 3 3 ,  cfs :, r. , ..; .: , li,;. , : i : 1  :. ., . .  2 5 . . . .  ., ; ,; $ ,,. , "  

i 

, . I . :I?,;. . ;., '- , . 
Follbiving'a discussion-'of hydrogriph te&iindlogy;. flood !,. 

'I . ' hydroq~a~~,'proc&hGrei for. uAit hydrbg;aph, ?h&oyi ' and,%<hk , , r , .  ,,.: 

SCS' TR-,SS.' ,.. r :., ~. (1986jI tabula= inetKod, ,., a&discuised"'bei6~. . . . . .  . . . . . . . . . . . . . . . . .  . . .  .. 8 . .  , . . , , .  ,., '3 ' , , . ,* ,  . , , . ,  . .  

4.6.'1 HYDROGRAPH TERMINOLOGY 
, . . . . . . :  

., .. ; A ~fio;a. .g: ' , ' . - . ,-. ,,., , ., ydrograph i$ a 'continuous' plot. of. . . . . . . . . . . . . . . .  the' surface run- 
', ,, 

off flbk'r'ate +&&us' time: ~ l ' t h b u ~ h  historical streamflow'" :' .. ~ " . ,  , ,  , .. 
data are they are not generally collected fbrthe 
typical watershed; thus, synthetic methods for developing 
fiood hydrographs are often. required. If historical data 
are not available for a given bas'in, then data from a 
similar basin may be appropriate. 

" :% '~ ,, , ~ : 

k typical hydrograph resulting from an isolated period of 
rainfall has the following.~major components;...as illustrated 
in ~igure 4-35: . . . . . . . . . . . . . .  . . ,  . . . . .  

1 . Rising limb,,. ,. , ,, . . s , , .~. , . , ,  ... 

2. crest segment 
. . . . .  3. Falling limb or recession 'curve ; . .  

The shape. of .the rising ,limb 1s . inf,luenced primaril.y:,::by -the" 
char,acteristics,~.cf, the storm :that ,.produced;the.:surface~:~.~. :;:: . 
runoff.   he point of inflection on the recession: c"rve -0%; 
the hydrograph is commonly assumed to mark when surface 
inflow to the channel system ceases;(see Figure 4-36). 
  hereafter, 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 
. , . ~ , .  . . .I f l  ,,. , . . , ~ . 

'-/ 
1 



i n f l u e n c e d  in , s tead  ,by watershed c h a r a c t e r i s t i c s ,  suc.. ,, 
, . .  , .  channe l  s l o p e  and s t o r a g e  a v a i l a b i l i t y .  .: . ' 

The,hydrograph terminology used throughout  t h i s  manual i s  
p re sen ted  i n  F igu re  4-35, a long  wi th  a p p r o p r i a t e  SCS hydro- 
graph equa t ions .  A r a i n f a l l  exces s  hyetograph,  which i n  
t h i s  c a s e  i s  a s i n g l e  block of r a i n f a l l  e x c e s s  over  dura-  
t i o n ,  D l  i s  shown i n  t h e  upper p a r t  o f  F igu re  4-35. The 
runof f  hydrograph i s  p re sen ted  d i r e c t l y  below t h e  r a i n f a l l  
e x c e s s  hyetograph.  

The a r e a  enc losed  bx t h e  hye tograph .and  by t h e  runof f  
.,. . 

hydrograph r e p r e s e n t s t h e  =ame volume, Q, o f  d i r e c t  runof f .  
The maximum f low r a t e  o f  t h e h y d r o g r a p h .  i s t h e  peak f l o w t l  

,. .,,",., '* *~ 
q , w h i l e  thel ' t ime from. t h e  . stArt . o f  ' .  t h e  . . .  :hydGgra ' ih2 ' to  .q. i s  

; :::. ::..,. p.. 
tRe t'ime t o  f . , The t b t a l  i i m e  d u r a t i o n  o f  t h e , . .  . . p .. . . , . , . <, L .  

. , .. , , .. ,,. .. 
hydrograph i s  known a s  t h e  'the' base ,  

tb 
; The ~ a ' t e r ~ h e a  

l ag t ime ,  t i s  de f ined  a s  t h e  t i m e  from t h e  c e n t e ,  iof mass 
L of  t h e  r a i n f a l l  exces s  t o  t h e  runof f  . hydrbg-i-iph:.p&ak. phi '  

fo l lowing  equa t ion  summar izes , the  r e l a t l o  
t i ine ,parameter ' s  f o r  t h e  r i s ' i ng '  l imb ' o f ,  a 

..8 1 , . .  . .i:. . ' . .  , . ' .  ,. ,, . hydrograph: ' , ,. . . 
5 .  . * i  . ,L::.. , ,. . . . '  , I !  , ' .  . , 

6 . , . ._?. , . , '  , .  , , !  

D ;.. 
, ,. , ' tP . =I,  7, + ' t ~  -: 

. . .  . . , , . ( '  . . ,  , . ' ' ! . '  

where : 
..  .. , .. , , . . . .  ,~ .~ . . . . , ,  . . ,  

i* 

~ . . , - .  . t = Time,,to.-peak o r  t ime o f  r i s e  of , '  t h e  runoff  i .  
, . 

, ,. .. . . ' hydrograph z , 

D = Durat ion of runoff-producing r a i n f a l l  

, . 
The . r e c e s s i o n  t ime f o r  'a  -.hydrograph is : t h e  d i f f e r e n c e  : ,  .. . . .  , 

between - the  t i m e :  base  :and .:the-:time t o  peak' and can {be ,,". ,' : 
. ,.. . . . .,. , , 

. ~ 

. . expres sed ' - a s  : . . : . ' ' " . . , , .  . , . . , .  

. . . .  . . . ~ , , 
, , .  

$ :,, 1 , . . 3 Li . . .  .: 2 . , ' :  . , , , . . 8 .  

.. , - . . .  , . .  
.. , ., , ., 

. ' .. ,~ .. , . .,.. , t : .= :  t'.' - t ': , ,  
. ,  . . :  (-4-14) 

' . ,  .. , . . r b .  ~, . P , , . ,  . . , . . 7 .  
. , ,  , . . 

wher:e.: : , . , .. . , , . ,  . . : , . .  . . , . A  
. ,  ' ,  

. . , , . ,. , .  , . . . I : ,  .,, : ' . . ,  

t = ~ y d r o ~ r a ~ h  r e c e s s i o n  t ime 
r 0 



. tb I, Hydrograph . t i m e .  b a se . :  ' . .  . . . .  . . . : : . . .  
, ~, , , ,  . ... 

t = Time t o  peak o r  t ime o f  r i s e  of t h e  runoff  
> .  , ' .  . . . .  . 

. . ,  ,, . , , . c <  , . 
4 .6 .2 .  

,., , . :  ' , , * t : , , ,  .,.., 
; , ' I , '  i:.. . ' -: '..' _I . i _ /  ,...,.,. .,$. . .% 

The concept  o f  a u n i t  hydrograph,.  publ i shed ,  by L. ~ .~~~h$ ' i? i ingn  
i n  1 9 3 2 , p r o v i d e s  a widely  accepted b a s i s  f o r  conve r t i ng  
r a i n f a l l . . l e x c e s s  : from.::aiwatershed: to:- a :  runof f  :~hyardgra~h.:-. ' :~ 
Although.:: t h e  I, t oo l s , . - . and :da ta  . *ava i l ab l e  :for:develdpPng",unit  ". 
hydrographs ,.have. become m o r e ~ e x t e n s i v e -  sinceSh6rmin:I  f i r s t i :  

.,.,., 
. proposed : .un i t .  hydrograph'+theorl , .  t h e .  .concept.:has. ' t i6t~; . ,  .-., 

. . 7 ' . . .  , . . ,  " ' , / I .  . . , , ,  , changed. - - ;- ... , .  ., .,, . . . . ,  , , . . ~ >  . . " ' p  

. . . . , , . .  , . , . ,  ., . .. . . , .< , ., . . . . I.. - _  . , .  . . . ,  . , . .. > 

 unit hydrograph ,  i s  d e f i n e d - a s .  a r u n o f f  h y d r o g r a  
producedjby :l:,.inch-::of:raitlfall e x c e s s  . d i s t r i b u t e d ~ ~ u n i f o r m l y  
over  ..a: watershed and..?occurring -.at:: a ;un i form . r a t e : - d ~ r i n ' ~ - ' a ; ' ' '  
s p e c i f i e d  .:period of.. t ime. ' ;  .Sherman.:or.iginally.,"sed:: "unit1".$o 
deno te  ,the.;,specifiedl:'duration {of :  . r a i n f a l l  :excess  .2fdr,-,a -.',-':: 
p a r t i c u l a r  . uniti.;hydrograph. .f .The . . :word"!%nit" ' i s  .6fe&f:'misih- 

!;,as,, o r i g i n a l l y ,  intended.:,;  ',..is:: ? , - : ,I , ; :; , '  , .,,,. ,:.,.:' ,: ~ ,~: ~ .>  , . :.:::<?i.2 ~ t , O  Z:.!..:..,.,L 
. . . , .. 8 .. $ . . , . , ; ,,':,.:! ', k , , , . ; ' : . L . , . - .  '.,~.*,>.'~,> r.$5J<:!,.,f. s.:t,: 

 he f o l l o ~ i n g . : ~ a s s u m p t i o n s  c o n s t i t  s b f  ui i . t  2- - :.- 
,., ,. . . ~ ,  , .  . ~ . ' , , .  . ,  . . hydrograph .theory: ., .. I., ,., . ' .. s... i.' 

I ? ,  , . . . . .~ , ,, , '.. . . , .  , ~. 
. . . , . - 

.- . .1,. , The, r a i n f a l l . e x c e s s -  i s  .uni.formiy d i s t r i b u t e d w i t h i n  . . . . 
i t s  u n i t  d u r a t i o n  o r  . spec i f i ed .  per iod  o f  time!. : , 

2. The r a i n f a l l .  exces s  i s  un i fo rmly .  distr ibuted: ,- in:-  
space  ove r  a .  p a r t i c u l a r  watersh&. 

.. . . . , .  , ' . , . .  .~ ,. . , .  , . . ,. ,,,. , ., . - ,  8 . .  .' , ' .:. ,, : ( , , a :  1 . :  , , . ,  , . .  
3 The t i m e .  base  f o r .  a d i r e c t .  r uno f f  hydrograph .due !,: 

t o  a r a i n f a l l  exces s  o f  u n i t  d u r a t i o n  i s  cons t an t .  
. . '  , . .. ..'. . - ,. , . . .. , ' . . < .  ;; .,' ' . ,  . . , 

4 - ~ h e ' . o r d i n a t e s .  o f  . : the  d i r e c t - ' r u n a f  f? :hydrographs , 
when a common u n i t  d ~ r a t i o n - ; ~ ' i s ,  consfdered ,  a r e  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t o t a l  volume o f  

:. ' , , . d i r e c t  - runof f. , :represented: by-- each:hydr 'graph. ,  
- - . ( p r i n c i p l e ,  o f  i i n e a r i t y  ..oh; superposPtYan) . 

,* ..: ' :: . ; ; . .  ,,. * .  . i. , I  ':.: ,. :.:.>...::, 

5 .    or a g iven  d ra inage  : b a s h ,  t h e -  hydrograph o f  
runof f  caused by a u n i t  d u r a t i o n  and volume of 



rainfall excess .is invariable..(principle L- ~ --..,- 
invariance). 

. ., . , . -' . , ~ , . .  , . 

~hese assumptions cannot be precisely..app.lied to natural 
precipitation and drainage basin characteristics. However, 
experience has shown that the'~'uni.t'::hydrograph~.'method ... . . gives: 
results that are sufficiently accurate' for most drainage 

~. , . . , . , ,. . , ,  , , .. pyoblems. . . , '  , , , .  . .  . ~ , ,  . . . , .  , . .  , ii 
: . , . . ., , . 4.3 .'?,'! 

, . . , . 
~. , . , ' . .  , . . ,  .. , *  . . . , ,  , . .  . . ,.'~ . , ,, 

- ~, , .  . 
 he two . .  .., fundamental assumptidns that must always:.be . con-, :. 
sidered~~,whenapplying.unit.hydrograph:theory:iare,:the 
principle, :of linearity ., (Assumption.. 4).,::and..theac.princi 
time invarianca'. (Assumption .5) . .., Theoreti.cally; : each:.iincre- 
ment of rainfall excess can be routed through the subject 
watershed in accordance with the principle of linearity., In 
practice, this means that the pr~duct~of .: a.:rainfall; excess. 
volume and,.the, sequence -of unit hydrograph..ordinates:: (i.e.;-,. 
runoffdrates in.cubic feet per. second pert.inch o£.:rainfall,.. 

, . ,,: 
excess) . produces an estimate :of the runoff ' hydrograph? for.,: 
that volume of rainfall excess. I n  additi~n;~,thelprinciple 

- . o f  linearity.. allows individual runoff; hyd,rographs :ideveloped ~..  , . . 

f romt,a, , .. sequence.;of indiyidual rainfall excess ,volumeS 2.-(i.e. , 
a,,design storm .of r,ainfall. excessr incremen:ts: tarranged ?in$., ,:.. 
units of time equal to the unit duration):,a,to.~be .superimpo'sed 
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 speciQied 
for a particular unit hydrograph. Land development and 

' . ,  channel improvements are typical. activities, that violate the 
. , 

principal, ofitime invariance. ., . .. . ,:. . 

4.6.; 3 , UNIT HYDROGRAPH' .PROCEDURE . . 
. . , , ,. . , . , .. . .  ,, . , .  . . 

A flood hydrograph can be developed through the following 
steps .using- the unit hydrograph procedure::. . ' ., . . 

, . . , .  , . .  . .. . . , . . 
, . . . . .. , 

1. Develop a unit hydrograph for the subject 
.. . ,. .watershed using. an appropriate.,procedure (see 

.. , .  
., . discussion, below) . , , . . .  . 

. . , . ? . . , ." ' '  . , 

a+. .;. .,.Develop; a; design: storm:;.hyetograph using. the time 
. . interval for, which. the-"unit hydrograph. was 

developed' and an appropriate procedure (as 
. . .  : presented :in Section: "4.2 )',. . :. 

. , , . .... . , ,. ,, , :: , .~ . . 0 



. , 3.' ,, - .Develop a , r a i n f a l l  e x c e s s  hyetograph.  us ing  ,.an . . 

p' - . , . ., . .appropriatei  .procedure a.s::presented t n - - S e c t i o n  .a. 3. 
, , 

,, ... . , .  . . ;: . ,  , , 
, , . : - . .  . . 

, ,  . . , . . , .,,,: ~. . , 
,,, .* :,, , . ,. . , I ; , . . ,...% . :_  . ,jl.. 

. . 

. .  .4. . , ~ o u t e ,  t h e  r a i n f a l l ,  excess: hyetograph..:through~'~..:thleeee ., . 
s u b j e c t  watershed '  by m ~ l t i ~ ~ ~ i n g ~  t h e  o r d i n a t e s  of 

..c .. ;.: t h e  . u n i t ,  !hy,dr.ograph:i:by .,the.. . respecti~e.~.ra~n:Tal.1:.~~~~~~' 
:., .. . . , . "  e x c e s s  .:increments ; ::.:E$ch :,,indrementl:.df ,::rainf.&fi.t: . . 

. . .  
.,. ,, . . . . ;, excess . .wi l l .  .pr~duce*~a:. , : routed ' incremental  ,:!.. ;:,%,>+::;..'- 

, . .  .,, , . ~, hydrograph.  . :..;Eachj r o u t e d :  incrementalr-hydrograph.sis 
delayed.,by. the;,: arm: time: iHter,ual.. ,, .: ,:>;::k2:; 

>v : ,' h~.; ,;'::; .;.: .;..,;. ,.,, t;:: . ~. f:$.j;5,'<.:>i>.L:>,{,(4 ; .., ,:, , 

- .. 5 .;. , : . ~eye&op~ . , t he . . co  nthetic.*.runo.f.f.$hydrbqraph 

. ,. .. , . , . ., by summing, t h e  o rd ina t e s : , . o f . .  each;  r ~ u t e d . ~ . i l n c r e - : ~  -.. 

mental  hydrograph from S t e p  4 a t  each t ime.  
, - .., i n t e r v a l , ! o f ;  the:hydrograph,. ... .~ . .  , . .  .,.. 

, . .  
, . 

. I I .  . & ,., .. . 
6 .  check ' t o  e n s u r e  t h a t  t h e  volume o f  t h e  s y n t h e t i c  

... .. . . ... r u n o f f .  hy,drograph,:,is::equal : t o  : the-:  volume of 
r a i n f a l l  bexcess, u s i n g :  the. : .equation:  , - ,  

. . 

. . *  where: , ,  . . , 

V = Volume under t h e  hydrograph, i n  
i nches  

. .  . .,. . .  , . ,.. 
, . ~. , > ,  . r 

: . . l.. ' 
, . . :. . . j. A t  = ~ i m e ~ i n c r e m e n t  of  t h e  runof f  

hydrograph-  o r d i n a t e s ,  i n  seconds 
, . . , . '  . . .>I.'  , ' I  . . , , . . . . . ,. > .  , . ,  , . 

Zqi = Sum o f  t h e  runof f  hydrograph 
.*.,., : , ,,. , . ,  . ~. . . .  . . 

~ 
o r d i n a t e s ,  i n  ,cfs~, . .~for.  e a c h . t i m e  
increment  i 

A = Watershed d ra inage  a r e a ,  i n  a c r e s  
.. . . . II . . 

4..6.4 SYNTHETIC UNIT HYDROGRAPHS 
I ,. . . . :. .. ,:, ." . . . . L 1 . .  

I 
I Uni t  hydrog;aph* sh&uld. 'b='  developed us ing  observed r a i n f a l l  

j and s t reamf  lo,w.,records when _ t h e y  . ,are  a v a i l a b l e .  Procedures  . , <,. ., - . . ., " , . ,  

f o r  de ' r iv ikg  ... . .., .. .: . . . .;unit . .hydrograph..pa;ameters from observed ' d a t a  
a r e  weil-documented ' i n '  p u b l i c a t i o n s  by L ins l ey ,  Kohler,  and 

C 
Pa>u,lh,us,,,(L982) .. .. ..., ,, ,:,. Yiessman et  dl., (1-977) ,. Chow (1964) , and t h e  



USDOT, FHWA: (HEC-19, 1984:) ., When .observed data: are riot 
available.;for deriving unit hydrograph-parameters, as is 
often the case, synthetic procedures are required. The SCS 
dimensionless unit :.hydrograph approach' is,presented below. 

. . .  
~ . .  . . . .  , ~ ,  ., . ,  ; :  . .  , . . 

. . . .  . . . . .  . . . . . . . ‘ . .  , . j ,_  ". j . ,  - , , < , ,,,,,I ,~.  

Twol jtypes of- dimensionless unit:.hydrographs.have: been 
developed by the"SCS;-., the first has ;a 'curvilinear shape as 
shown in Figure 4-37 and the second i s  a ;triangular approxi- 

,, , mation' ,to fhat: curvilinear. shape':(see Figure'. .4-3'6) . In both 
cases, o.nce..the .time to: peak and-;peak flow. for,-a particular 
unit hydrograph have been defined, the entire shape of the 
unithyydrograph: can,: be. estimated using the:~dimension~ess 
unit, hydrograph. ratios. and ,mass data, as shown in Table 4-13. 

. 1 .  . . .  ., ' ,  ,., , . , , . . . . . .  : , .  , 

The procedure for using the:'~~~.curvil~inear'd~imensionless 
unit hydrograph is as follows: 

,.. 3 
. ., 

. . . . . .  
. , 

. , . , ' , !  . ' ~ 

. . .  I... Estimate'the time of.concentration, .tc, using an 
appropriate..method: !(:see -Section 4.4). . 

. . 

i . 2 .  Calculate the incremental duration of runoff ,,. . . . . . .  
producing rain fail,,. :AD,. using the equatign: 

where: 
. ,. 

AD = Incremental duration of runoff 
' f , I  . . . .  producing rainfall, in minutes 

. , , . ,  . . 
.i ., .. ' , . , .  ' , . , ,  

t = Time of concentration, in minutes 
, C ' , , ,  . . . '.. . ' ! . . . . : . . . . .  ' .  . 

. 3 .  . -Calculate 'the time 'to:.peak, "t using the equation: 
. .  , * .  , .  , , 

, , .!.: . . , 
P' 

where : 
, . . . ",., . . . , , .. , . , .,' 

. . . . . . . . . . . . . . . . .  . . . . . .  . . . . . .  .... 

. . . .  t = Time to peak, in minutes 
... P . '  -,...' . . i . : .  . %  . '  . , .  . . <  . J  .. :,., ..$ , ,  , ~ . , .  ., , 

. . . .  . . . " ., . , . . AD S..~nc&,ental' dur.ti.on<of ,:: . , . '7 , ! ' i 

, . - ' .  :. . 
$ 1  .._.I, -. ,. , . . . .  'producing rainfall; i n  :,minutes.' - .  

. , . , . . .  
3 '  , , ', <,, , . ," , . ,  . , . . .  .... - .  :,: . 

. . .  
, . . , 

. . 
.,.. , 

, , . . ) . . . . .  t . ..':.Time, of. cohcentratiori'i i n  
C 



4. C a l c u l a t e  t h e  peak flow r a t e ,  q , a s  f o l l ~ , , .  
P 

. . 1 " .. . ,. .- . ,:,::> (4-18) 

: ,... , . a  ! < ' ' 

B = ~ y d r o ~ r & h  ' sihdPe.~'. f 
from 300 f o r  f l a t  swampy a r e a s  to,  

i , . . , , .  f : .  , "  . , (, ,;., 
600 i n .  s te=p:: terrain.?.  SCS'. stkridard 
B va lue  = 484. 

, ,~ , . . , , , . ~ ,  . ~, 
i ,<,, t ,;. J , . r .  ~. . ,  . , . . , ,  . ,, . .~ . ,. :,3 . , 

. , 
. , , , i - . A ,= Drainage are 

. . , ,  . . , , ,.:I. , . , . ' 3  

- .  
1 -  .. &. ,,. t: ' =  'T ime '   to'^ peak,' : i n \ m i n u t e s .  , 

, . . . . . , P . . .  . . 1 ,- ,.. , , i . , 
. . ., 

. . . , 
., , . . 

+ ~, 
~ . , ,  5 .. .. L i s t  t h e ,  hydrograph t i m e ,  t ,  

, ,,;. ' - :  ,, ; ,,and caldulite t / t  . .<:. . . ! , ,,:" 3 , .  j:;, :::: ..: ..:. 

, . . '.. 
, ;.. :, , , , , : , . .P  . . . .,!:':,.,. : -:., 

, . 

Using Table 4-13 o r  F igu re  4-37, f i n d  t h e  q(q 
, . ratio,,2f& ~ h ~ ~ ~ p p ; ~ p r r a ~ t e :  L: ,:ra$&a&Y?=alcuIaeed 

i n  S t e p  5. P 
. , . . ' . < .  , , , , , i . . ,  . , !,.!,..>,;:!.",. ' * ' " .  :.,;.;,:,'i .. , 

' , . (  
7. C a l c u l a t e  t h e  a p p r o p r i a t e  u n i t  hydiogrdph 

o r d i n a t e s  by m u l t i p l y i n g  t h e  q / q .  r a t i o s  by q . 
, . . ,  

3 .  ' _.' ( I  . ~ ,  , .  ' , : : ; , v  I . < . .  .. ., . , . . P . . : .. 1.; p :.. , ,.; . ,,, . . 

. 8 : . '  D e t e r m i n e  t h e  volume.'.undei . t h e  ' u n i t  hydrograph t o  
ensu re  t h a t  it ',is Z o . l  ' inch. ' ',"' 

Th= SCS t r i a n g u l a y  d i n k n s i o k l e s s  u h i t  hydrdgiaph"-proc4dure 
i s  i d e n t i c a l  t o  t h e . c u r v i l i n e a r  p rocedure  p re sen ted  above. . ; i . .  . 
However, '.to, d r a i r t h e '  required. 'uni t  ~hyc?r6~raph.., '6ily t y  t 
r a t i o s  of  0 ,  1 ; and 2.67 'are:;n&&d=d. .hli=n'..bpplying theP  
t r i a n g u l a r  d imens ion less  u n i t  hydrograph,  t h e  t ime of  . , 

c o n c e n t r a t i o n ,  .,t ', 2 s .  c o m p l i t e d : ~ J ~ i n g ; f ~ ~ ~ ~ ~ i d ~  . 4 i i 6 ,  the time 
C t o  peak,  t , i s  computed us ing  Equation 4-17, a n d . t h e , , t i m e  

fi.,'. , :, :. . li': base,  tb, -?s computecl as rfblr:-obk': '. . .. . , , 



. . 
. . .  ,HUNTSVILLE--SWl 

, , . 19p1 

. . 
, .  . 

tb =' Time base, in  minutes^' 

If a short-duration unit hydrograph is used to develop a 
long-duration 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 triangular unit hydrograph would probably produce 
approximately the same synthetic runoff hydrograph as a 
curvilinear unit hydrograph. 

. . 
,, ,-,, , ;>,: ' .!. , 

, 4.'6 , . , . .  .'5 : . scs TR-55 .TABULAR METHOD. 
The tabular method developed by SCS can be used to estimate 
flood. hxdrographs fromwatersheds , . . . .  that can be divided into 
relatively 'hbmoge~eous land uses. The method is based on 
the results o f  computer ;analyses: performedusing TR-20 
(USDA, SCS, ' 1983) and' can be used to approximate the effects 
of- hydrologic . .  , , ,.. channel routing.. , Details .for applying. the 
prbc=dure are'cor(tained in SCS TR-55 "(1986:)-.,( Limitations . . of 

. the-tabular method are summarized as follows: 

. . ' ,i ( :  , ,  

2. Time of concentration, t , of 0'.l"hour < t < 2 
C - 

. , h0ur.s .. , .  . , 
C - 

. . . .  , ,~ . . . . . . . . . . .  , ' . .  
, , ., , . . . . . . . . .  

: 3. DAS of individual subareas do not differ by a 
. factor of ,5 o r  more. -..The procedure was developed . , .  , . 

fGr a DA Of 1 square ,mile. . . , ,  . , 

. .  '4.. . Curve, number, CN,.,o.f :. 4 0  ( C N <  98. .. , I .  . ,  . . a . . :  , .  : .  - ,  ' .. 
. . 

, , . . . .  . . , , ,  . . - .  
5. , ~atib , '.,~ of. ,. initial' abstraction to:, precipitation,, , . ;  

' I . / P , ; o f  0.'1 <.I i P  < 0.5. . . . .  , ,, a - ,  . . -,., a '.. '- 

. ., . 
, . ,  . . . . . . . .  , "  . . $ .- .:: .b :: 

6.' . .Unit, hydrogr$h, shape factor = 484. ' ,,. . . . . . .  , . , * .  
, . . . . ~  . . . . . . . .  , . 

. , . . 
. . .  . : .  . , , . 

, I : , , . . ,  , .  

7. The reach travel ,time, ..! ; 
t ~ '  

is 0 ,to, 3 hours. 

Because the 1986 version of TR-55 includes extensive 
revi'sions to the 1975 version, 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- (3 



computer diskettes with TR-55 procedures:are also a!.,,,,,,, , 

: ,- under catalog numbei PB87-101598 , . .. 
. .  ,.. 

I_/ .... ' . .  , .,!J l .. ~" ,,... 
I 

..'4 :6. 6 OTHER 'METHODS 
.... . I  .,> , .  . s .  

I .:. ~ ' .,,.." .- . 

, - Other methods~'of~~deve1oping flood' hydragraphs"'in~y be used, 
subject to approval by the Public Works ~e~artmsnt. 

::, 
. . . : >  I ' 5, :., *, r> 

, . . . , 

4.6.7 EXAMPLE PROBLEMS t.- . ,, .(i 
I . ., , ..;., , .,, ! I : ,  . . . .  

., . 
Example 4-7. SCS Dimensionless Unit ~ydrograbh'; - 

~~ , ,, . ., . . ....... <, ,.,,. ." - 
, - Develop a synthetic unit hydrograkh for the w=tershed in 

,.:. - 
Example 4-l:using,the SCS curvi"1inear approach:' 

' , ,  . . . . .  .'I , .  . . /:,. , JI? :.: 

1'. From- :Example 4-3., the watershed time,,of 
concentration, i.k..3:4 minutes. ,:: , 

, , tc, , > .  . . . . /_ i ,, . 

2. From Equation 4-16, the', incremental '-duration of 
.... 

runof f.producing rainfa'll, AD, is - . .  
. . 

7 . .  , '  . 

AD =-0.133 (34) , . . . .  
.: 

, . .'> AD = .4.5 minutes or 0.0'8 hours r . . 
~, . .  . ., . ,- , ,. , 

L 
3. From ,Equation 4-17, the' time to peak, 't , is 

. . :?:. , P 
' .  4.5 ' ,  , "  

t =. - p . .' 2 '. +0.6(34) .' , ,  

. . .  . b 

t =. 23 minutes 
P 

4. , From Equation.4-18, the unit hydrograph peak flow 
,, , .. . . .  . . ::.,:.rate,., ,q . ,  . ;i's...: ,,,,,... ... <. ' .: . ,  :.,. <??c;;.: '~ : : . .L: .  . . . .  . . ,  

_ I  

P .. ~ r >,,,:;,,.-: :,,.;. .' ,.PI ',!I.?;: . r r  A:; 
484 (50/6'40) 

. . 

q~ 
= -60 

23  : i , . . . . . . .  . .  , .. ~ ., , . ,  . . ,, . . 
.. - . . . . .  . : , ,.',,: ,;: ,. . . . . . .  . , 

;. , b ,, ,. . 1 , y,' 

q~ 
= '99 cfs 

- 
, , - - 8. '- . . . . .  .> tY' .: d... ..'!.. .:'i. 

5. From Figure 4-3'7 or Table 4-13, determine the q/q 
atio. for appropriate t/t ratios. and calculate: .Ip < . . > ., ,- ,h., *- nik.,,. ~+$~D&i2~~>,~~h~;g~g,&.,by:&"~tx~~yi~+;:.ggg-;>? 

, q/9p,.,ratio ;by,.:qp i,y follows : ,.;>, ., .: . " < ~ .  . . . . . .  . ',.,!.?$ ..;. " I  '.\.. ( , . a .  ,,,-. 2 :, ,",.. " .. ..<.,,, . . . . . . . . . . . . . . .  ,.. 
:+ 

. , , . . , " .: r .: ;, ..,. ;,.. 



' t/t . .. . .. .. : . .. ~ . Time, p ;  . ~, 

t (t/0.4 9 / 9 p  
(hours) 

0.00 0.00 

0.32 
0.40 

, .,!;, ; ,  . . .  , : : 0-.560-:. , , ' , 55,. 
0 . 7 2 . : " ;  ~ 

, . . . , 1 8 0  , , , . , :  . 0.390% - . . .  . . . i . ,  
. 8  .:,;,,:39. 

0.80 2.00 0.280 2 8 

0.8?>:1,: ........ s ~ .  - - 2;.20, . . , : . . . , : .: ., , 0.207., .. . . 20 
0.96 , ... : ?!& , , 2.40. , , . .i . '  i. -0.147. , ~. 15  

:., 
1.04 2.60 0.107 11 

, . . .. , . .  1.12 , . . ,  ,. . , . 2.80 . ,: ~, . ,. .. . . .. . . . 0,0,77;, , '. 8 
1.20 ; . , ,  ' ' . 3 . 0 0 , .  . . . : . . ,  0 . 0 5 5 .  5 
1.28 3.20 .0.040 4 
1.36 3.40 ! ,.:. ., . , ,  : ' 0.0.29 . ,  . 3 
1-44 . , .  . , 3 ~ 6 0 ,  ' - ! I  .<:15.:,:;:., j.!;: '0.0215 , . . 2 
1.52 3.80 0.015 1 

. , 
r. 1-60:, . ...r~ . . - . , 4..00 , , 

, .,, >A ,,. ,, ,.,;,.;.:. O . O l l , . .  1 ' 
0 

4.20 0.008 .-' 1. 68 1 
1.76 4.40 , , 

, . . ., 0 ..005 0 
1.84 4.60 ,"-. ' *  '0.002 ,..,, 0 

1.92 4.80 0.001 
, . 

0 
2.00 '5.00 .. ,,. .. 0.000. 0 - 

660 
. . . .  . . . / . ~ . , . . *  " % . . .  ; : . . ; ' ! . i . ; : ' . ~ . . ' , . : . - . :  ' ' , . . ,  . ,  

' 6. c h e c k  t h a t '  t h e  u n i t  h y d r o g r a p h  ,volume e q u a l s  1 
i n c h  u s i n g  E q u a t i o n  4-15:. .. . 

,,! . ' , : , '  ' 
j (  / :'.: . . ,  , 

, . .- . - . , .. , ,  . .  ,. . ... . . 

1 2  (0.08)  13,600)  (660)  ' , v = 
( 5 0 )  (43 ,560)  . , . . ,  , , 

'&- v- , . ,  
. , '" 

V = 1.05 = ,l , (close enough)  , . ... 
:,'.,,, , <.(& .>.. . ., ' . , : tL; . .. ;;-. :. ?;"!..r.,~-.>'!' ~::L 'L, , ' - b  . .  . , . , .,.,., , >,<.. . 

' 1  > . ,  . . r - . .  ,,.,..., ~.:,-.. Exaa- ~ ~ ~ , ~ a i b ;  ,., '"Fio6a -. 
Hydrograph. U'I.. USmg r;.c:,,c.,: . '  ~ n l t  ..,4 ,, :,.- Hjrdir&i-aph '' , a  , '* Theory  

$,-. {,..<-j.'.,t LU, ,.:; ." ,>.,.% -,. :r\, ..,., ? >  3 ; : ' : .  ,:.,<,at,, . G , , . ! T .  ,>-"% ..a. ,, . .: - 
". . , .. 

' . 
< .; a.:L ,:A >-: 

. , (; $ r '; j> " . , Develop. a s y n t h e t i c  r u i g y f  hydrogragh>fTfor"  $ i5-i;=hr, 2-hour 
d e s i g n  storm f o r ' t h e  w a t e r s h e d  d e s c r i b e d  i n  Example 4-1 - 
u s i n g  t h e  u n i t  hydrograph  d e v e l o p e d  i n  Example 4-7. 



1 .  Develop a ,  balance,$: storm hyetograph. ,and cbrrturacive . , . : , ., . , , . ." . . , .'.' ,- :> . 
P' 

. . .  
..l.... ,.. , , i,mass_curvel,,usinq . , t h e ,  IDF .curve. ,for. .a ::25-year storm 

\ci 
. from . , F i g u r e . : 4 - , ~ , ~ a s  'shown in-Table.i.4-:1,4. . . . , , , . .. ,, . ., . . . , . 

, . 
i.?,~, z:; ,:,,r.! g; ,:.:; .::.::::<:; *?,. >;2,1, ?;!,%+ ,:,.t5,,3 f;><;cx3 

;+.,,rainf , . all.zexc.es~~~hhyetdg~aPhh~I"using the SCS 
yel?umbel: .,approachi,:: $,?+n.i. ,~iai~l:e,y4-2, .. . CM i s  7 4  

5 1 ,:+nuzhes j ~,,~.r.0m,;:Fig.qrr'~~4,.~;1!, the 
houk.,~ra+f , . .. a:l,k:;dep.thl:is + ;3:~,1.8! inches . 

5 ; , ~ ,  . . . : ,  !,;.. ,::.*:: r;t;Z[,:cc: 
quation 4-2 ..to ltheJ:cumulatiy~e :depth a s  

fol lows t o  obtai; 11 excess  hyetograph: 
.,, :, , , . , ,. ?., ,.i \",..,A < , , ', ' I ( , i 

Iiainf all 
Time, Cumulative. Excess 

t Hyetograph 

,, , .  . . .. (hours) . ,. . , . . . .  l_i ' (inches) 
I : ,  ; , , . . ,  , 

.. . . , ,, 

0.00 0.00 0.00 0.00 
0.08 0.01 0.00 0.00 



. . I . +  3. .Route. the rainfall .'excess hyetogr&h througn tne 
. . . watershed' using.,the unit hydrdgraphdeveloped in 

Example, 4-7. 'Each increment-. of .rainfall excess 
from the design storm is multiplied by the unit 

: . : :  .:. . . . hydrograph brdinates . -This 'routed ':incremeiital 
., . , , . , i."hydrographrseg'ins ..time "'i.it&vai during 

. . , . 
:..;I:! ,wh-2ch .the '.rainfall !:excess ,'occurred. 'The rainfall 

. .:. ::!r;:.,i; , excess. hydrograph"is' dbf ain&'d byi&uhming the 
ordinates of each routed drograph, 

:;.<?l.:,.' . '  
, .  . , .  . . .., . . , ~ r . , ,  . ,  . > , , -  

4. Check that hydrograph volume is equal to the 
. . 

.> ..) , . _ . rainfall excess. 
. . .  . . , 

, b. ' . . <  , , .., 

. . ,.. ,, > . . a .  

' L  , : 
12'10.08) (3,600) (702)"'.' 

, . , . ,, . . , v =.-,. ~. , ... . . ='-.-I. 48 inches- (close enough) 
50 (43,560) 

... , . 

TL~' Musking,um ~ethod of hydrologic,.channel routing is . . ,  ,. , . . . ~  v* . . . 
recdinmended when..computer-based procedures are not used. A 
. . ., .\ 8 

tabular method presented by the scs  in TR-55 (1'986) is 0 
aGpropriate for preliminary desktop ~alculations;' 

: , : !  . . ,.., _ 
4.7.1 MUSKINGUN METHOD 

The Muskingum Method is applied with the following steps: 
, . 

1 .  : 
.': 1. selectla' . .  . representative' flow rate forl evaluating 

the parameters K and x.' a Use 75percent of the 
, , inflow hkdrograph peak. If this flow, exceeds -the 

. :. > ,  , . 

channel capacity, use the' channel capacity as 
, . . , ,  . ,, . 

representative. . . ( i , .. , ,., 

, . 

2. Find thh'velocity of a..small kinematic >., waye , in the' 
channel., using the equation : 

, . , , 

where : 

v = Velocity of a small kinematic wave, 
in feet/second 0 



. . . . . . . . . . . . .  Q (Y) .:=rA:.representative flow rafe ror 
, , , . . , .  

P u channel- routing a t  representative 
depth Y ,  in cfs 

. , , , ' ' , ,. ,,. ..... . . . . . . . a  . . . . .  . . : !., ,. ' . j l ' , . .  . . 

AX :=:A-small :increase in the representa- 
tive depth of flow in the channel 

, . : . . .  ; ; .*,::.t;.' .... .: * - , s ,  ., - . . . . . . . .  . .... .............. 
i ~. r > ; : ;  C.' a . .  ! ! . . .  

Q(Y + A Y ~  = Flow rate at the new depth Y + AY, 
.- . . . . .  . . .  . . .  '.. 

.,. , . . : ; 'in c f s 
, , .  . . . .  i : " , .'l , . .  , . '., 

B = Top width of water sur.face, in feet 

3. ,.Estimate..the minimum .channel length allowable for ,",. !' : . "  .:I,,. .*' , . . . , , , . , .. 
. .  , . ,. . ,, .- . . ,  the rbuting, ...... usin g...the,~following equation, and . . . . . . . . . . . . . . . . . . . .  . , 

* 
......... . .  ., A; . . _ .  make sure . .  . . .  that A L  ,*,is .,. greater , . than AL - 

,+., . . mine, 

. . . .  . .  . . .  ..., where: , ! .  . . . . . . . . . . . .  ., . . - .  
,$ 

? ,  . .  , . - ,  d 

AL ,,, t.=:Minimum channel length for routing . . . . . . .  , .. . ,., . ~.. , . min 
calculations, in feet 

'L" 
,,. j ; :,;. Q = (Flow .rate, i n  cf s . .  ....:...:...... , . 

. , . , ,  .,,% , .; ; : ... . . . . . . . . .  ...... 

B = TOP' width of water surface, in feet 
. . . . . .  .,, , < .  , . , ,  .: .,,  :. . ' , : , ~ ;  ..,: . ' ' 

, I ( I  

. '  
. . # , ,  . ,  . ,..: 

S = Slope .of. channel bottom, in 
O. feetlfoot 

. , . ..!.. 
4. Estimate a value of K using the following equation 

" . %  . . . .  (make sure that,-K 2s lei= than the time of rise 
for .the inflow hydrograph) ,:::,,1 . . . . . . .  ,&,,., ,:, ........ 

, - . I :  :.I. , ",.. . . . . . .  . . , , ,  ._.. . *  , L .. . -  
. . . . .  . . . . . . . . .  . . ,  

_ ' j J r  , 
. ,  . ~, <. - 

, * 
. . '.. '~ v (4-22) 

constant for a particular channel 
segment 



. ~ .  , . . . ,  AL. = Channel routing, segment lerkY~~~, .I, 

, . feet .,.. , . .  , . . 
, . . . . . , .. 0 

v = velocity of a small kinematic wave, 
...: in. feet/?second 

. ,. ~, . . . 
~, , ,,.; .,! -. , , , 

8 .  
' ,  ~l 

value of X using the equation: 

, . X =, ~imensionless factbkthat determines 
. .. 

' . . 'thexirelative .weights, oF.inflow and 
. ., 

outflow onithe chann'el'.&torage volume - 

E = Top width of water surface, in feet 

. .  ~. . .  .. . . .  , . . . .  . ' .  . S . =: slope of .-channel, bottom, in 
, , ,  . .. . 

" : ) .  ! &.,; O .!.-.:feet /.;foot 

w. 
v. = ,Veloci.ty'of a small kinematic wave, 

in feet/.second . , 

, . , . . "  , .  
. . &  . , , . , .... I ,  . . . #  , . .  , . 

AL = Channel routing segrcent length, in 
8 I . ,  

, . .  , 

. .  . , , .  : .  ..,,d . . ' , feet . ., .,. 
, 

6 .  Select a reasonable channel routing time period, 
. . .  . ,. - . . , .  dt,, .using ,-.the criteria expressed by 'the following 

inequality :,' . , . ~ 

, . . .  . . . 
7. Determine coefficients C ' ' C and ' Cz u:i;g :ht2 

following equations (make sure that - - 
, .. . ,. .. , 1.0): .. . 

0 1 



.. . . ,, .,...,.. ,, ., .,,.,.,, ' .  2 .  . , ,, *;:Ax, 5,- :8>.;i.,n ,,: !:.,... ;,:l; $ =  fic..i ;;,:. '. '.' 9 ; .  ' ' - "  . . . .  <,._... . . - . . . .  ... -I .:  

..: ...;. . K =,Muskiigu.m,,, channel,, rou.ting,;time.,. :,. ;I ,., .. , . . . ,, ,, i .: .!: - '  ,, .., ,.'! '.,. ." .. . . 
constant for a particular segment 

X = Dimensionless factor that determines 
the relative weights of inflow and 
outflow on the channel storage volume 

At = Routing time period, in hours 

8. Determine an initial outflow, 0 then calculate 
1' an ending outflow, 0 , using the equation: 

2 

where : 

0 = Outflow rate at the end of routing 
time period At, in cfs 

I2 
= Inflow rate at the end of routing 
time period At, in cfs 

I1 
= Inflow rate at the beginning of 
routing time period At, in cfs 

91 
Outflow rate at the beginning of 
routing time period At, in cfs 

The routing is then performed by repetitively solving 
Equation 4-28, assigning the current value of 0 to 0 and 

1' determining a new value of 0 . This sequence 0% calcula- 
tions continues until the engire inflow hydrograph is routed 
through the channel. 



4.7.2 SCS TR-55 TABULAR METHOD 
. . . . . . . . . . .  ,, , . ., , 

,. * -, '~ ,, 
, , The SCS tabular  m e  an b e  used to approximate the  

: e f f e c t s  of hydro1ogic::channel :routing an f l ood  hydrographs. 
D e t a i l s  for applyin'g 'the procedure a r e  contained i n  SCS 

, . ,.r '.. , ,;: 3, 

TR-55 ( 1 9 8 6 ) .  Limitat ions  are  summarized i n  Sect ion  4.6.5. 
The 1986 vers ion  of TR-55 supersedes the  1975 vers ion  and 
should.  be.. used- i n .  p l a c e  o f :  t h e . o l d e r  pub l i ca t ion .  

...,,,.... ,><, . . . .  , B:,,:,.L,: , ,I: :. -. . :b . 2.: * . ,..~a , ' ? , ~  . . .  " I. . . . .  



............ 

, HUNTSVILLE-SMM - : ... . . .  Ip91 

, ' 

. ,  . ,, . ,  , . .  Table  .4-1 : 

C GUIDELINES FOR .SELECTING HYDROLOGIC PROCEDURES 
! 
I - 

........ . . . . .  ~ . . . . .  . .  , . . . . . . . . . . .  ......... . ,  , . c t i o n  ..... : ..... . . .  . . . . . . . .  " -- ?'.: 

... . . . .  . . . . . . . . .  ....... . , ,  . . . . . .  , . o f  M,in"al.' ' . . a  i...'.'. .; ;a,. 8, $;,. . 
* 

. . ' ..H dr'&id ic.".MQtyd: < . ~  

Y 9 Peak Flow , Hydro9%h 
,:i .? , 4 . . I . , ,  . . . . .,.a _ i _ _  '.,:' . ,  . ......... < . /  . , '  

, -,. ., ' ' - .  . .  . . . . . .  . . ;. . .  Me+hbd"': ...: .... :;i.. 1, ..-'. . . : f ,+ 
- .  ,, .,, ~ : s . z , :  : .. y e s  : ;I.: , , ,  NO; 

.... ... .... , ' : 2 .  .,TSCS TR-55 Graphical 'ti;..:. : ,  ,,:. 4 i 5 . 5  ::-, . yes  3 ,  : ~ 0 i - z .  . . . .  
. . . .  . . . . . .  . . . ., 3 .  :!:; SCS TR-55 Tabular .:. .,: 3 . 6 .  5 :::, : ,!' .tes :<:. .: Y . ,  yes-:& 

4 .  , T V A  Regression .... ., , J NO . ' .  $es .-,.:: 
, '5.. ::@A GIa& :::l:i ..!..Yes ':v.i ;: .  NO,:^,.,.. 

... ,.$es ,... . . . .  ;I.. . Y= j" :  : ,: 6 .  ' ':Unit Hydrograp i . 
; ' .  / . . 1  : I : , :  . a ' ., L , . 

,., . .  , ~ . '  sf( 
. 

I ' ,  I I  , _ :  .; .! +.?. .  
,,.. ' .  ' , .. a,"?., 

' ,. 8 , ) '  ,. . ,  , . :. . . .  : . . . . 
: ,  . ?  , . , , . . 

. , .  . . . .  , . ,. , . . '., 
5 .. , , .. , . :. . , . ' .  .,' . . . ,. ' .  ., . . . . . . .  . . . . . . .  ' 8  .;. . . .  . . ' .  . .> i iimits of ~p~iication -F . :  

:,,. . ,. , ,. . i.. ,, ,, . . . . .  ~. . ., . , ri'..:, 9 ,  ,. .., 

Design t 
. ime of Concentration, c ..Drainage Area, :DA' Imperviousnesb 

. , ( . I  , . , . .r i i . ,  , . ., . ' 1 8  ., , ,  

, . 5 mix 2 tc. 2-39 min . . < 50racres '. ! .'g-10g% i " : N/A 
... . . I .  . . ?  . . .  . . . , , .  . '  . i ,  :. - 

" ,  . , : . .,. , ? 

< t 2 10 hr 
- : c  . , ,  . ," 

. . . . . . . . . .  .; *" 
< t' 4 2.h~: ' :  - . C - ,.. ,. ,. , .,. . . , . .  

N/A 
, .. '.i - . - #  

l ,  , l Cr: . .,; (.,:Equations : . .  , . .  i. . ;+ . ;  ,:,' 5 sq,:,mi. .. ,,. 
. . . . .  , ; ,  & { . >  .;,r,,,, . . '  . . , < .  ;. 5 . ' ~  .,?, . . .  , , <.-.'! , , 

5. TVA Graphs N/A N/A d d $A 
. . . . . . .  " .  

6.,,Unit c.$ .i . Any. : . . . . . . . . .  > !,9 ,'> 9 .. ,.I .0-100% ... .+.! N/A 
Hydrograph 

........... ,- . . . . . . .  

! .,, t. . .  ?.At... : . . . . . . . .  . .< . i.r " ~~ a Use of the Rational Method beyond the limits shorn requires approval by the Engineer of 
Public Works, and results should be compared using other methods. , , ; . ': , , I  

. . ,.:b~,sinple:~homogeneous .subbasin> is requlred. ::.The procedure was .developed using a DA of . ', 

1 square mile. ., 
, , ! , , , , " '  . . . . . . .  , - 

 rainag age areas of individual subareas cannot differ ,by a .factor oi.6.5.or more.. The,. ' ,, , 
procedure was developed from results of TR-29 computeranalysis with a DA of 1 square mile. 

d~pplicable only to the stream reaches modeled as identified on graphs. 

NIA - Not applicable. 
GENERAL NOTE: 

At the discretion of the Engineer 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. 



Table 4-2 
MONTHLY AND ANNUAL PRECIPITATION AVERAGES FOR .- -$:,,. HUNTSVILLE,' ALABAMA,.:-BETWEEN 1959AND 1986, ,.., .,.' 

Preci  i t a t i o n  (inches) 
Year Jan. Feb. Mar. Apr. Jun: J u l y  Aug. a Oct.  NO^ Dec. Annual - - - -  

. .I ! .. % b, ,, ,,'< .. , 
Record 
Mean . 4.91 4.50 6.71 5.07 5.29 3.88- 4.83 3.63 3.79. 3.41b 4.58 5.46.756.0i 

. ,, . . .  . 

. . -. . 
Reference: 0.5. Dep 9861. 

, , , . . . 1 ,~" . , , .  ,. , ,, , :.. 

Note: T =  ~ r a ' c e  " . . ,  ; , .  . . ,  , .  . , " 8  .:, 

a s t a t i o n  change ,from o l d  municipal a i r p o r t  o f t  U.S. Highway 231 t o  HuntsvillelMadison County Airport  
o f f  Alabama Highway 20. 

. , , . ,. , . b~xtre'me da ta  po in t s  (maximum~.and..minimun). , .~ . .  . .  . , . , ,  . , , 
', .:i,,. .: ,..~.', : , ,  ;' , , '  . .' ., .. . , : , . _  . :  1 , , . ' ,  . . *  .,, , ,.' , . 

, , 



- . .Table, 4-3 

C RUNOFF COEFFICIENTS~ :FOR:;A .DESIGN STORM RETURN 
. . .  . 

. . , . .. PERIOD , OF.,'~O %,,. YEARS, ,-OR: LESS. , .,t" :, . .. .. , . .. . , 

. ,,.,, .,, ." :, s , '?. , .  Sandy Soils 
slope .,> .. .laid :.use .- ., Min. Max. ,. ,i .:;*.,: '-.-';j-:>(..' ,x ::,,>. ..,-. ... ,,.......* ,-.a.w, ~-""..--...--".-*,-.-* 
Flat 

b 0.10 .,,, .. , 
0.15 

(0-2%) Pasture, 'grass, and farmland . . 0 1.5." :--. 0. 20 
Rooftops -and pavement 

C 
0.95'- 0.95 

~ervious:pavement 0 . 7S'.' 0.95 
SFR: %-acre lots and larger o:,jo' 0.35 

Smaller lots 0.35 0.45 
Duplexes 0.45 , , '  

MFR:. .Apartments,' townhbuses", i " ,  . . . * , . , , . ,  

and condominiums 0.45 0.60 
Commercial and industrial 0.50 0.95 

Rolling Woodlands 
(2-7%) Pasture, grass, and farmland 

b 

Rooftops and pavement 
C 

Pervious pavement 
SFR: $-acre lots and larger 

Smaller lots 
Duplexes 

MFR: Apartments, townhouses, 
and condominiums 

Commercial and industrial 

Steep Woodlands 
(7%+) Pasture, grass, and farmland 

b 

fiooftops dnd pavement 
C 

Pervious pavement 
SFR: $-acre lots and larger 

Smaller lots 
Duplexes 

MFR: Apartments, townhouses, 
and condominiums 

- Commercial and industrial 

Clay Soils 
Mln.  - Max. - 

Reference: DeKalb County, Georgia (1976). 

Note: SFR = Single-family residential 
MFR = Multi-family residential 

a 
Weighted coefficient based on percentage of impervious surfaces, and green 
areas must be selected for each site. 

b~oefficients assume good ground coverand conservation treatment. 

P C 
L.' Depends on depth and degree of permeability of underlying strata. 



  able 4-4 
, ' 'DESIGN STORM. -FREQUENCY' FACTORS. 
FOR PERVIOUS' AREA RUNOFF ,'COEFFICIENTS 

. : . .,.. .',,.,,, .,. . r Design Storm 
. , . ... . , .  

. . ~etu';" perfed (years)~ . . . . .Frequency -Eacztor, . XT .~- 



Table 4-5 
RUNOFF CURVE NUMBERS FOR URBAN ARE AS^ 

......... <d,. . .:., 0 :  ; .*..$;. &~., . , , ~ .  , . .. .. i " Descri- tion ...... ; . ; : . z  .. ,->,.~.:J:x .~ ;,:: r:. .~'?+< . .,:* x. , . Curve Numbers f o r  Hydrologic So i lGroup  
i- . .. .*,- ...... , '&,.  A >.:?. ....... &... . ~ . . . ~ v  . .,.p< .... :....,: . f i .  .,& ... - .,.:,-i:  rage percent 
:,. .i.: l ji wpe'afidz ..... "jrdro*b;g~clCondits~n >' .. .-' . ' ;  :'.? . ! ; I  . '" .'F~: <Im ervio"s:Areab; >. .. .+ A - R - ' L  - D 

Ful l  I%~elb'i;d'iifb~n-hfbii'_(ve e t a t i o n  es tabl ished)  
. ~ . .......... J;Kvy .... :.:;;,.,tr . . .  = . ? _  _ ;; ;,;* . ;ip- a;,: :- ..... .rr : . .  . . . . . . . . . . . . . . .  

&. ~ .~ . . . . . . . . . . . . . . . . .  . . .  ~. . 
l / .  & > - .  . : .  , .  

Open space ( l a m ,  parks, golf  courses, cemeteries, e tc . lc  :;:*,$of: cij,iditi6" 56"er;<'502) - ," ', % . 2. $ :.: \ ..,. . . . . . . . . . . . .  .-. " .~ . 68 79 86 89 
' Fa i r  condit ion (grass  cover 502 t o  752) 49 69 79 84 

~ o o d  condition" ($r&Si~over  > 752) ~-; ! :x:  ...3,-- .,*-, ,,*,*- 39 6 1  74 80  .. ... <.., " '. 
l~o&"ioi,S^~r&asl,Ij <.:'>' " - - 

Paved parkipg' l o t s  roofs  d 
,&:. (&xcl"&in;J' ils,i+aflirajj j; : 
: <tyeet's:ard i;idg:"";' - 3 . 6 ;  

: : . -  pavedjp~ufh=: r"d- itsin- seirers. (x.lud 
Paved; open d i t ches  l including right-of-way) 

,;- ' G~;veY'(i~~l"di"~:yi~ht:~f-r~f)-'  ... .'. 7 . .  . . ,  . . .  , - ;  . . . . . .  ! . - ~  . . . 

Dirt (including &hi-of-way). 
; $:~::,'.:.",;~?: rvzi+* ; . , 7 ,  ..?<.> < (:: :' , 

Urban districts' 
e s s  

.*..-: . . . . . . . . . . . . . . . .  ~. . : :  
Residential  d i s t r i c t s  by average l o t  s i z e  

118 acre  o r  l e s s .  (townhouses) I. 

1/4 acre  
' 1i3,  acre  

1/2-acre 
1 ac re  
2 acres  . , ,, :. I . . . . . .  . . . . .  r:z.>:* z. : ...J$:.-.* . .  . . . . .  . . 

'- " 6 

Developing urban a reas  . . 
d Newly graded a reas  (pervious areas  only, no vegetation) ,l. : 

............... . . . .  , . .- -,: ?<. :ar< 
, . *-,, *.*:. L*: .<; . -?% -; j! gf,:?: ,.., fy- > &  >:<,<<. :. 
I d l e  lands (CNs-are d e t e p i n e d  using cover types s imi la r  to: th,jge:. ffi- ~ ~ b l & ,  4-5) 1 
, : :  , 2 , .  '.,;':. . < > . .&; - .,' .. > , **,.:: e~ . - .: a ?.,,* , ~ , .  

. ,' 4 ,. , : .  Referen&: USDA, SCS, TR-55 (1986). ~2 
li. P. 5 ;, . . 

b ~ v e r a g e  i u n 6 f f ~ c o ~ d i t ~ o i r , A n t e c ~ d e n t M o i 3 t u i ' i  Cobdition: 11, and Ia = 0.25: > . - 9... , % - 
. . . .  . . . . . .  . . . . . . .  . . -. "~ . . : ~  .- 

b ~ h =  a;erage percent i ipervidus  a rea  shown'tias used t o  develop t h e  cornposit;: c&. Other assubiptions a r e  a s ~ ~ o l l o w s :  iI$ervlous a r e a s  
. e r e  directly..connected.to t h e  drainage system, Impervious a r e a s  have i) CN,of1:98;: and p e r v i o u ~ . ~ r ~ a ~ . ~ a r e e _ c o n ~ ~ ~ e _ r ~ p P  eq!!~.~- l~; t - . tpp~n.  ............... , f . , ,  ... 7 -  . . . .  i. space i n  good hydrologic condition. ' i::: : " .  ;:''~. 

'CNS shown a r e  equivalent t o  those of pasture.  Composite CNs may be  computed f o r  o t h e r  combinations o f  open space Sover type. 
.. ;>"i, , j .  ...: ' ..,: ..... ...... p. . i .: . . . . .  

d~omposi te  CNs t o  use f o r  the  design of temporary measures dur inggrad ing  and constni=t ion should be  computed based on t h e  degree of  
development (impervious a rea  percentage) and t h e  CNs f o r  t h e  newly graded pervious areas. 

I 

.gn~370j015d-e 

. . 



. . . . .  . . . . . .  :,;. . . . . . . .  , . * . . .  - - I  Cover Description -- - ~- . , . &  \ . *  ..% . ~ . . . . . , .  . . . . . . . . .  ..,...,. - Curve Numbers f o r  H ~ ~ r o l o g i c  S o i l  Group 
. . . . . . . .  . . . .  . , , . j , :. q n  -2 Hydrologic. l .i i i i ,:, ; 1 .  .>:5 ,.,,r.:,;s,:.. s ' . . ~ . r f ~ ~ L . T y . .  ; +:,: . . . . . . . .  : 0': .4 .;'< 1, .. '-I . ..'Co"ei :... ' e  :::ir. . . . . . . .  ,.>& .> .,.: ... . , 

~.~ .,. <,. <:"'Condition . ' " ' A "  ,. : . !-C,. . - <  , . : .  -. - - - - 
p a s t u d ,  jrdsslarid;'.of radge--contintious fo rage ' fo r  grazin$ . -:Poor 68 79 86 89 

Fa i r  
, , ._ , . . ~ . ~ : ~  

49 69 79 84 
Good 39 61 74 80 

Meadow--cont!nuous ......... grass,  protected from grazing and 
gengraily mowed fo<_hay 
;!. ::,,:.:- ,k.k;.- Q C <  . >~ , . . : . , ~ . ~ ~ * .x - ~ 

ss mii ture  with brush t h e  .major 'elementc . .  . . _  i.:. ;. "=... ~ 

....... * ....-...... - . ....... :, :, 2 ... ;;;. ...... . . .,,, < . , ~  

Woods--grass combination (orchard o r  t r e e  f a d e  . . . . .  7... ..... 

- 
I Farmsteads--buildings, lanes,  driveways, and surrounding 

C'I lots,'i .'"'. ' 
0' , . i x j l :  , I :  , . . *  ..,. . I 

Poor 48 67 77 
F a i r  56 70 
Good 48 65 

Poor 57 . 73 82 
P a i r  43 65 76 
Good 32 58 72 

Poor 
F a i r  
Good 

-~ 

Reference: USDA SCS NEH-4 11972). 
i.{>i *~<-.:~;,:%+:!.. ;;>'.,::;...:;:,~.~! ... 

a~ve i~~e; ' iud~~~?;Tdrid i t i6" ,~"tecedent  Moisture Condition 11, and Ia = 0.2s. . . 
i,,;<.+* >:<.!>: .$:y ,.!! *.: i*3?.f::c:,,,* :: :< :*-.: ;/ ;..x! 

b p o o ~ ~ . ~ ~ c ~ O ~ : g ~ ~ u ~ ~ C ~ v ~ ~  o r ~ ~ a ~ i l f ' g i ~ i @ d  vitd do 
Fiiri"'~5O'fo 75%1giound cover and not  heavily grazed. 
~ ? ? d $ ~ ~ ~ ~ 5 % ~ ~ ~ ~ c o v e ~ , ; " " d , ~ l i g h l y  ..... o r  only occasionally grazed. > .  

g .  <". ,  
, > .. 

- .. . .  - 
C '  - .  .;.. 

Poor: 8 '  <SOS"ar5undcover. 
Fair: 50 to-751 ground cove 
c<$% i>75%' t j i i r i a c b v e  

:iJ; :.:z~ $rLr.~; ~ ...... . . . . 
d ~ c t & i l ~ u i v e  .+m&= 16 1 runoff computations. 

; ;. +;.r. ~ . ; : f , +  L,:~':?" 

eCNsshown,werecomp"ted f o r  argasvlth.50\.woodsand 50% grass  (pasture) cover. Other cornbinations of condit ions may be computed from CNi f 6 =  .vobds fiasf" ': ' .  . ' : " " , .  . . . . 

. . . . . . . .  - * I  - ~ 

, -. , ,. , .- * .  , . ~ -  . 
f ~ o o r :  Forest:litter;Smsll~~tiee~i~arid b f u s t i a r e  d i s t r o i i d  by heavy g;azingor ;egular burning. i , . . . ~ . 
Fair:  ..Hoods a r e ~ g r a z e d  b u t  not  burned, a n d  some f o r e s t  l i t t e r ,  covers., t h e  soi l :  '2fiL;~ 

~ ~ . . . . . . . . . .  . . ~  ~~. . , 
Good: Woods a r e  protected from grazing,'and  litter^ and brush adequately cover t h e  s o i l .  . . , . 
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Table 4-7 

C . . 
FLOW MANNING'S n VALUES 

, . . , .., ~ ,. . , ... ?xr<,i., ,v . ~. ." , .,,-.,.-. ", 

, ,  . ,'V':?T<ti . , .: 
, , :  

i :  , t; w.? >. ,: : t; Value .L..... ,I,. Range .of..Values 

, . . , . , .  
Concrete . . 'Lc::'t',.:t*,', .~01y' : ' : , . ' . ' . . . . .  .., 01,,'- ' ~ 0 1 3  
Asphalt , :,01.2 ?,:,, ,.. ,, k,,, .?..,01.,.,:A:.015 
Bare s a n d a ,  - ', . .  . J?,.SC!:,,:. .010 : :  0 1 0 -  .016 a 
Graveled +surface a . : ,,:,A,,:..:':;C.. .., . : , , .  ~ ' 

.012 .012 - .030 ",. :.,,, / ,  
~ & e  clay-lo&'  '(eroged) -012 " "  . '  . 0 1 2  - .033 
Fallow (rio'..residue) . . ,..:~z,~c.,,~. $.. ..., -05.i . . . . 0 0 6 . -  c.16 
Chise l  plow , (< l /4  ton/acre ,  res idue) ;  ,\. , 

,. 3. 
.07 .006 - .17 ' . . ,  . . , : " , . .  . 

c h i s e l  plow. : ( 1 ~ 4  - I ton /ac re  residue) '  .18" 
. ,  , , .07' . -..,.34 , ,  

Chise l  plow (1 - 3 tons/acre res idue)  .30 .19 - .47 
Chisel plow:,:(>~'~tons/acre .&sidue)  I.' " r ~ '  .40 ' .  i .'. . 3'4: -. ,. 46 
Disk/harrow .(( l /4 ton/acre. r e ~ i d u e ) ~ ~ , , . .  .. .08 .16:,.,* :,' .008 - .41 
Disk/harrow",(l/4 - 1 ton/acre res idue)  . l o  - -25 
~ i s k / h a r r d r / : ' ( l ' ~ - '  3 tons /acre  res idue)  .25 .14 - .53 
DiskLharrow 0 3  tons/acre res idue)  .$ , .30+. *,, . , ,, -- . .. -- 
No till ( < 1 / 4  ton/acre  r e s idue )  2 ; .  ..04 . . . , , . :a:  , ..03,- . 0 7  
No' till ' ( l ' f4  .- '1 ton/acre res idue)  :.'.i::' ' -. , .  . . ;07 .. ' dot.,:- .13 
No till C l  ,;- 3 . tons /acre . . res idue)  

, .,-,.,.., , ., .. .. , .~  . . .. 
Plow (fall) . . ;  : i t  

Coul ter  
/? Range ( n a f u r a l )  
L' Range (c l ipped)  ',;>,;*08 ;,.~-:.i;tb~-. ,;;. , . : : v : : - ,  . ,.O,2i,- :;.24 

Grass (b?hegrass spd) ., . . ,  . . ~  .; , .45 .., 
. - 3 9  - .63 

Short  g r a s s  p r a i r e a  . . . . 
C : , , , ' . 1 5 :  . , . . l O  - ,20  

Dense g r a s s  .24 .17 - .30 
C 

Beqmudaqras,~ '-41 . . .30 - ' . 4 8  
Woods ,. . "  ' .' . .  . . 45" ' .  -- -- 

Notes: .These.,values were :determined s p e c i f i c a l l y ,  foq.overland,  f low,,condit ions 
' ,  and a r e  n o t  appropr i a t e  f o r  conventional?open channel flow 

c a l c u l a t i o n s .  See Chapter 5 f o r  open channel flow procedures. 
. .. . 

A l l  va lues  are from Engman (19831, u n l e s s  :noted-otherwise. 

a . . . .. : , ,  . .  . ..,. . , 

Woolhiser (1975). 
, . :.* . , . , ' ,  ! ... <, . . , . , 

b ~ a l l o w  has been i d l e  f o r  one year  and is f a i r l y  smooth. . . .. . . , . , , I . ,. 

=palmer (1946) . Weeping lbvegrass , bluegraso,,  , buf f a lograss  ,-.'blue gramma 
g r a s s ,  na t ive  g r a s s  mix (OK) , a l f a l f a ,  lespedeza.  ' 



HUNTSVILLE--SMM l%u 
Table 4-8 

STREAM GAGES I N  THE VICINITY OF HUNTSVILLE 

. ,  ,. . , . . 2 ......... n . . .  
Drainage' Area Period of 

Gaging S ta t ion  Number (square miles) Record Pgency 

Walker Branch near Plevna,: ;,,; ,.;, 

........ ....... :.,. .Morris .   ranch near  Tone j: 
.... 

: . S t r a i g h t  Ditch a t  Huntsvi l le  

Glover Cove Creek near owens 
. , Cross Road t ,  . . ! . ~  

,. . ' .  
. Aldridge Creek a t  Huntsvi i ie  
, , . .  , , , ' 1  I 

Aldridge Creek near  Li ly  F l a w  

~ l d r i d g e  Creek near  Farley 
I M t .  Gap Road) 

. . . . 
. . 

- Pinhook Creek a t  Clinton , 

03574796 0.44 1971-1975' USGS 

03574840 1.43 1971-197sa USGS 

03574852 0.17 1971-197sa . . . .  USGS 
. .  

, , ,  ,,, . ,  

03575340 ' 3.52 1971-1975" USGS 
. , . ,  

03575686 1.15 
x971-lg75a ?:',;; 

. . ,  , .  5 ,' . "  USGS . . . .  ,.. . . 
03575696 13.9 ' : ." 1971-1975~. : . , USGS 

. ,  . :', I. ':: 
03575700' .' . . I " ,  . ' , ~ .  ,.' , ,, " 

1960-1964~ -' USGS 

.. , 
1986-present . ': : '' 

. . ' . I :  ~ : '  
03575890 . 22.5 . , .$ ; 1986-present . ,, USGS 

. . 
Indian Creek near  Madison: 03575830 ':. . 49.0' . - .  , , ,  '1959-19Mb USGS 

, . . . . . , ,  .,,. . , .  . 1 1966-1971' . ,. USGS 
. .  . . .  . . . .  ,,,, ~ , i , . '  . . .  1 9 7 1 - 1 9 7 ~ ~  . : , USGS 

. . . . . .  
I .  . ,  , , . . . . . . . . . .  , . : ;., . .< 

Five 'po in t s  Ditch a t  Huntsvi l le  . . . . . . . . . . . . . . . .  . .  , . ~  , . .  
:< ( T r i b u t a r y  t o  Pinhook Creek a t  . ,. 

' , . River Hile 15.15) 03575880 . .,, , 0.62 , , ,  , - 1971-1975' ~ , . USGS . . 
"' ! pinhook Creek a t  Huntsvi l le  03575890 "' '2'2.5:.'- ' ' 1966-1968~ . ' , fli 

..! . 1971-1973" , . ' USGS 
. , ,.. : , ; , , ,  

~ i n e h i S e n  Ditch a t  ~ u n t s v l i l e  . . 03575910 0.16 1971-1975~ , , . ,  .._‘ . . ' USGS 

Broglan Branch a t  Holmes Avenue 
a t  Huntsvi l le  03575930 

,.. ' '  ' ,  , ::/. :, 

8.87, . 1971-19755 . USGS 
. . 

' ~ i o ~ l a n  Branch a t  c l i n t o n  03575933 9.51 1986-~resent ' USGS. ,:.: : n,.; 

I ., ,Huntsvi l le  Spring Branch a t  ! 
!'.b: , . ' , "  

i Johnson Road a t  Huntsvi l le  03575950 41.8 1967-1968 . ' 'Tlfd: 
1971-1975~ USG$ ~ 

I 
1986-present 

HcDonald Creek a t  ,Pailon-Road 03575980 -- 1986-present " ' USGS 

.. , . Dallas..Eranch at Coleman S t r e e t  ' .  0357587726 ' ' ,'2.79 . 1986-uresent ' USGS 
. . , , 

a , .  
. . . . . . .. ~ . . . i  . . .  . . .  " , , .. 

. . , . ,  , , , . . .  . . . - ..,.. 9 . .  . ,.I.:. . 

, . USGS = U.S. Geological Survey 
, . 

TVA - Tennessee Valley Authority 

a ~ l o o d  hydrograph par t ia l - record  s t a t i o n .  

b~ont inuous-record  s t a t i o n .  - 

c ~ r e s t - s t a g e  pa r t i a l - r ecord  stat ion. .  , .. , . ,  ,. 

..'.;q!:: .... :,: . .  3. .I . '. , , ' ,  



Table. 4.-9 :, 

P TVA REGRESSION,EQUATIONS FOR  SMALL;.^ UNGAGZD,, 
u ;URBAN: WATERSHEDS: I N  ,HUNTSVILLE, :ALABAMA. . a:., 

. . 
- .  

Standard Error b 

of Estimate . . 
;~ >.. . ::..l:L. (%.).:.:><. 

. = 156 A , . . , , , . , . , ?: .-. ,,:, #. ., :44 ,\.; .: .,: , : 

0.69 I0.23 . ,  . QlO'. = 365 A . , . , ...: 44 . r : i - , '  . ,  .$";,JG- 

Qs0 :.: - - 680 A 0.69, , 1 . :  0.15 . . .  5 . 1 .  .' ,:.;.:.--.,...;. . :..L ... 

0.69 0.13 Qlid,, = 855 A ,...,.I- i ; ;  , , . , . : ,  , 4 4 - : ,  . , . , .  

0.69. 0.09 
4500 -#.= 1,400 A I :. .. ... : . .  . , _ - -:--..:I.. ~. ., , , . :  

I 

i where : 
. . . .. . .~ . . . 

QT = Estimated discharge; in cfs," for: the,. . .. . , . . 
indicated recurrence interval, T 

...., . . . - ,  , , 8 . .  - ..,,.-, .' i 
. . , .  i , ; . : , , . .  .. ... :P ;.:.-.,,.>;. * . .. , . v , .. . ,  , , ~ . .  . , ,  . 

i A = ~ributar~ drainage area, in 'square miles, .. . . .  ,. 

1 c. I = Watershed imperviousness, in percent ! ; 

i 
I 

1 
I 
I 
I Reference: TVA (1986). 
I 1 ! ,  a 
I Tributary drainage area ranged from 0.1 to 5 square miles 
1 and imperviousness values ranged from 3 to 50 percent. 

b ~ h e  50-year regression equation was developed b y  
interpolation and the 500-year regression equation was 
developed by extrapolation;, as a result, the standard error 
was not computed for these relationships. 



HUNTSVILLE-SMM , . , - . ,  ,1991 
. .  . .. . . . . . . , . . 

Table 14-10 .., . : . ..- . .: TYPICAL IMPERVIOUSNESS..FOR'. - :: 
DEVELOPMENT.. . DENSITY. IN HUNTSVILLE; ,. ALABAMA' 

.,. , . , ,, . \:-., ! , :. :, 

. . Typical 
: ,.. , > .  . . ,. P- Imperviousness 

Development 'Density .. . 
. .(.. .. . . .  , 

, . ;... " . . . . ,. 
Single-Family Residential' 3 7 

,. 
. . .  

,, , t.'.. , ., 
Multi-Family Residential .. . . . . . 49,;,1. 

. , . , 

Light Industrial and ~nstitutiohil' , .  3 2 ,  , .  

Medium Industrial (Research' Park) . - -  . ' .  50 
, , 

Heavy Industrial and ~ort&ercial . , " .  . 8 8 -  . . 

.:Reference:,. .TVA:(1986). ,.I . ',.." . . ! .  
, . , . ,  _ . . : . .  /.L . .  . . .  . . , . '  ! I 

': a ~ s e  actual development plan to esti sness when 



T a b l e  4-11 
. , .  

. . ,... STREAM :REACHES ,'FITH: ,AVAILABLE, 
MODELED ' FLOW- FRE~UENCY DATA ;- 

, <,> . < . . , ., ., ,. . - , ,*d_.. 

. . 
. ,I. afi:.,s:r . Reach:,, -,::.?<w[: ..*",'.".̂ ".' ..v.L.,, ", (miles ,.".:..'"*- Figure 

r. : 8 .  ,.:) Ll !,"; ,. t. 
Pinhook .~&ek- xist sting ~ h $ i n e l  Conditions , . . . ,  

~inhook,.~reek--proposed channel Condit ions . ,  ,.. 
East  Fork , ,~~ inhook  Creek ; ,. i -  ~ 

West ~ o r k : ~ i r i h o o k  Creek ,;..,, 
Blue ~ p r $ n g " ' ~ r e e k  i:: , . 
,Normal  ranch . .. . 

Dal las  Branch 
Dal las  t ranch' Bypass 
Fagan ~ i e e k  1, ,:,, . 

Dry Creek , ,  ' 

Broglan .Branch- r xi st in^ channel 
cond i t ions  a '. 

Broglan :Branch--proposed 
cond i t ions  '.', . . . .  . 

i .. , . 
McDonald- Creek . , \'. - , 

T r i b u t a r i t d  ,McDonald cree'k::at ... Mile 6.14 ... , .  ' 1. 
. , : :  

~ h e r w o o d , . ~ ~ r a n c h  . , (3,:~. Z, ;, 

q ~ r i b u t a r $ ~ t o ' , S h e r w o o d    ranch a t  Mile 1.42,<, - a .  * .. , 
~ u n t s v i l l e T S p r i n g    ranch-  r xi st in^ Channel. a .. .. ... 

cond i t ions  , . 
:is , ,  ,. ,.  

Hcntsvi l le  Branch--Proposed Cha . \.. 
Condit ions ; ,,- L. 

Indian Creek .' . 
. . 

Aldridge '  c reek  . , , 

Aldridan; c reek  Tr ibutar ies :  
Unrramed :Tributary a t  Mile 3 . 3 3  
Mountain,Gap a t  Mile 4.62 , . i  
~ o u r d n e c k ' ~ a t  Mile 3.44 ,, $. . , 

~ a r e l o t ' t t ~ ~ ~ i l e  4.63 5 

. . _ a .  . . .  , 
Sunset Cove a t  Mile 6.09 
Ess l inge r  Cove a t  Mile 7.33 
Weatherly Cove a t  Mile 5.94 
Drake Cove a t  Mile 8.72 . . . . .- ,:. . , . , ,  . ,  
Bailey Cove a t  M i l e  9.23 
ToneyHollow a t  Mile 10.35 
Martin Hollow a t  Mile 9.87 
Greenwycke Vi l lage  a t  Mile 10.83 

Reference: TVA (1986). 

'Note: Stream mileages a r e  shown on t h e  drainageway maps. 
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, , 

T a b l e  4-12 
VALUESFOR ,,.? ,, . RUNOFF . CURVE NUMBERS 

, .., .;; .:. , . ~  , , . ,  , ,, , , ,  . f:,',:': 

C u r v e  'a C u r v e  'a 
( i n c h e s )  N u m b e r  . ( i n c h e s )  

. . . , . . 
,~ ...,.... . ., . . . - .. .. . . .  

. , 
70 . . .  0.857 

41; . . , , '  .~ ',: , .,71, ' , . . . . ' " "  . . .:, I . .. 0.817': , . 42, . " : ,  . . -.72 . ,., . ' . . . 0.778. . .~ 
. . 43 . . 2.651 73 ' . ~. 0.740- ' 

4 4 : , . .. . , . .. 2.545 74 ' ' :. '0.703 

, .  .. 
< . . .,: ." . . , , .  

< .. , 
, 

. " ' _ h i  . .. . ,. 
, .. . , 

, , .  , 

R e f e r e n c e :  " USDA, SCS, TR-55 (1986). . ~ . , 
, 8  ' I  , . i  , . , . -  



T a b l e  4-13 

r ? '  SCS DIMENSIONLESS UNIT HYDROGRAPH 
I,, 

C u r v e  Ratios 
(Qa/Q) 

0 . o o o  
. , , . -1 -, . ,  . ., , , .  . .  .. . 0 3 0 .  ., .. . . 2 ,, . , , , ' . '- ;-,..": 10o.:. . - >:. ! ' , . . . , . - . . . . . . : 1 ; _ _ .  , ,  ., i. . . .  .-., .., .f9~"' " 2 .  < '  '.' ..<. ,I,- .,.. - , ,~  ... , - 3  , - . .  . .' 

. 4  . 3 1 0  

. 5  . 4 7 0  . 0 6 5  

. 6  . 6 6 0  . 1 0 7 ,  

. 7  . I 6 3  
. . , . a ,  :. , .  . . . 2 2 8  

g , , . . , "  ' ". , . , , .  . 
, ..',l.O.,'' " . ; .... 

. 3 0 0  
<' .' , . ., , . 3 7.5 

1.1 . 9 9 0  . 45:O 
1.2 . 9 3 0  . 5 2'2 
1 . 3  . 8 6 0  . 5 8:9 
1 .4  . 7 8 0  . 6-50 

... , . . .. .. 
.. R e f e r e n c e . :  .USDA,. SCS , NEH-4 ,.(.1.97.2.).,. , .., ,,.. ,:. ... ,. . .. . . .  , . d . ,  . . -  8 . . ,, . , .  . . ,  . L ,  ',, . ..,,. .. . . I ' . . ,  i ,  . > ,.. . , . , I - . , .  . . .  . . .  . . . . . , .  j 9.. ". , , . . . . , , , ; . ,, , , : ; ..'l , .  , ,  , . , , a ,  ,. . . js: . . -  .. 



Table 4-14 
: BALANCED STORM :HYETOGRAPH~ A N D  CUMULATIVE- . 

. 
. - ~., . .~ .  .., . . . - -  -I i-, m. .> .li .. 
' ,.MASS . . CURVF' COMPUTATION,  EXAMPLE:^-8 :;: ': :.- , .. 
. . , . . . 

' Time, 
t 

(hours) 

0.00 
0.08 
0 . 1 6  
0.24 
0.32 
0.40 
0.48 

e 
1 0.56 
VI - 0.64 
m 

0.72 
0.80 
0.88 
0.9fi 
1.04 
1.12 
1.20 
1.28 
1.36 
1.44 

' 1.52'  ' 

- -  ' 1-60 
, 1.68 

1.76 
1.84 
1.92 
2.00 

In tens i ty ,  Ra in fa l l  Increm. Balanced Cumulative 
i Depth Depth Depth Depth 

( incheshour )  (inches) ( inches)  ( inches)  (inches) 

9.50 0.00 0.00 0.00 0.00 
8.15 0.65 0.65 0.01 0.01 
6.80 1.09 0.44 0.03 0.04 
5.92 1.42 0.33 0.08 0.12 
5.25 1.68 0.26 0.09 0.20 
4.80, 1.92 0.24 0.16 0.30 
4.38 0.11 0.41. . 
4.04 16 . .  .. . ., - - -  ... :. 0;io: ,. -: - .:: 0.51 >ii7 ::,' :.: . .. .!. .- : ~ ? .  .,. .. 7 :.. - 
3.80 - ' 0 . 1  , - ;0.63 - - '  

3 . 5 7  0 . 1 7  .0.80 
3.36.. ;2.69 0.12 0.18 0.98 
3.18 2.80 0.11 0.26 1.24 
3.02 2.90 0.10 0.44 1.68 
2.89' 3.01 0.11 0.65 2.33 
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.... . . . .  , 

; .  ,: .:. . . , .  '.i' . . .  

l i n i n g s  a r e  
main c l a s ' s i f i c a t i o n s :  

- . . . .  ......... . .  . . . .  ,.,; .?. '.,:.:' , ,  , . , . . ,  . . ; . ' / * :  , : :,' , . ,.' ., . , . < a , ,  .,., :,* , 

.;- . , . .Flexible ,(:rock. r i p  o t e x t - k l e  o r .  in fe r lock-  
~. , ..: . ing,. .concrete,.grids) . . ,  : ! ,, , ..' , , , : ~ ,;. .. , :... . . . . . .  

, , . . . . . . . .  . . .  . . . . . . . . .  . . .  , . , . , , : ,.? . .  , . . - . . .  . '  . , 

..:. . 3  .: , ? . R i g i d  ,: ,(concrete :.or.. g rou ted  r i p r a p )  
, ." : - i . . , i . .  ' ~. .. . . . . . . . . .  $ .  , . .  , . , .., .. ,', . Temporary ( s y n t h e t i c  o r . . n a t u r a l . m a t e r i a l s . ;  t o .  .:. 

p r o t e c t  s o i l  ' u n t i l  permanent s t a b i l i z a t i o n  i s  
e s t a b l i s h e d )  , . " ,  . -  , ,  , 

. . . . . . . .  

5. 1*<1 ..,VEGETATIVE ;,., ,,:.s:;,.,, . :  .,>,: :.L ;,;;.+,. ..... - . . . . . .  , . . .!-.. t!d , t. 

G 9.. .. . .. ..:>,r;J...t:p' ;:, I.%.< ': b f & .  ,.;,. .'.: !. !. :~':;z? *::$.f-"* 

.&-:h,e,alth&!:vegetative l i n i n g  .can. .s ta  
ch.~nne,l,,,;consolidate . , . .  : the . . soi - l  mass: 

, , : a n  ,!the.,x.channel s u r f  ace. a n d  :ron.t,ro~l,,:the movement: o f  ,,soi~l.:' 
, , , , pa r t i c l e s  , alon:g ;the:.c.hannel. ,bottom.:,, Condi. t ions. ;un.d~r ,,which . . . . .  

..a,,v,e.geta,ti.ve ,lininq,;may , n o t  ibe, :acceptable:,: however , \ , include 
: l , l , bu , t ' : a r e~ ' l no t  limitedj,to: ; , , . , . , .,. . . . . . . . . . .  .*., 

. , . .  . ,  , 
7 

1. Flow cond i t i ons  i n  excess  o f  t h e . v e l o c . i t y  . , ;. 

l i m i t a t i o n s  presen ted  i n  s e c t i o n  ' '5 .2.2'  ' . 
- .  , . . , . . .." .:;:... .. 7. . , , . .,. . . . . .  , , , , , ~ ,. :- ~. , . , .' . ., . . . ,, 

...... 2:." . : , .s tanding, .  o r  . .continuous ; f l ~ w i n g . ~ w a t e r . .  ; ,,,, 
, . .  . ,, ! . . . . . . . . . .  . . , I / ,  ,. . . .  2 . . . . . . . . .  . . . ~. . . . . . .  . . .  . . . - . .  .- . ' . .  . . ., , . .  ,3 . . . : , .  :.Lack o f ,  the . . : regular  maintenance necessary: to,; ' : , , .  

p revent  domination,:by.l t a l l e r . , : .vege ta t ian  .:s; . ., ;%,, 

4. Lack o f  n u t r i e n t s  and inadequate  t o p s o i l  
I : ,  r v! , ,,+ , . , . . . . . . . . . . . . . . . . . . . . . .  

5. Excess ive  shade 
, -  , 

Proper seed ing ,  mulching, and s o i l  p repara  
durin~,,constru.ction~,.to, as 'sure ,  estab:li .shment_:.~of. a, hea.lthy:,i. 

(-' growth o f  g r a s s .  s o i l  t e s t i n g  should be pe.rformdd.:,and: t h e '  
& ! 



results evaluated by an agronomist to determine soil treat- 
ment requirements,fbr parameters suc'h as pH, nitrogen, 
phosphorus, potassium, and other factors (see Table 10-1). 

0 
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 . . :, . ,.:.:' . ' ,  , I ; . ,  : . ,.*. :. 
. . 

5.1.2 FLEXIBLE . . ,. 
. ~. , . , .  

'~lexible linings.! are .:usual.ly : 1ess:expensive .than 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.rough;:surface that 
can dissipate energy and mitigate increases in erosive 
velocities. The' use of' flexible: Lining may.:be,restricted 
where right-of-way is limited, becausethe higher roughness 

. . ,  . .  values : create larger .cross 'section's. . . . .  . . . 
, .. 

~ . , ,.,,, . . , ' I .  . ' i . '  , . , .  . . .  . ., . , . 
i~ . . 
i !  5.1.3 RIGI,D . , . . , . . , , . ,  - 

Rigid linings are generally constructed in:i:pl'~,c~,;with.:-.. 
limited right-of-way, where a smooth lining offersa higher 
capacity- for'-= 'given :cross-sectional area!...; '~i~he&-':ve-l.oci- 

i. 

:.....ties, -however,, create - the.rpotentia1 .for .~cour-~=t. channel-' 
0 

lining : transitions .:.,: A ' rigid..lining:.:can,.be. destfoj+ed::by,,; flow 
i. ,undercuttingc.the': lining, -;channel-'headcuetifig,, ;'or .the-:biiildup 
..~:of:hydrostatic. pressure'behind .the -rigid:.:i&faces':, 'Filter 
fabric is. required to prevent soil. l o ~ & t h r o u ~ h ' ~ a v e m e n ~ ~ ~ c r a ~ k s .  

5.1.4 'TEMPORARY.::' ~' , ' .  . , 
," . . 

. . .  ,.. ; .  . . . , . .  . 

Synthetic (e.g., geotextile) or natural (e.g., straw mulch) 
materials are.requ.ired~to.p.rotect exposed koil'unti2 
permanent stabilization is established. The layout for 
temporary..-runoff control ,measures. should be consistent with 

. . . .  . the layout, of :permanent !facilities.' . ,  

- . , , ' .  . ! .  ,, 
.. , ,  ., . ,  ~ . .  . , ~  : .  - ' 

5.2 DESIGN CRITERIA 
. , .  

9 . >  , . ,,., . 

5.2.1 ,RETURN PERIOD 
, . . ,  

,, , .~~ 
, , ,  

, , 4 , .  , ' i..,~, . ' . , ~ , . ,  , . '  . . , 
.,, 

The:-design.. storm:reiturn,. . . per:iod..,for open- 'channel .systems ' . '  
~, , . .  , .. . ., 

, ., . 
sfyalli be. 25 ::years,-.: .' . , , . :  , . . ,. . ., , .,. . . , ,  



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 improving:. .sediment'transport :in .the channel. 
. . . . . . . . .  :..... . . .  I - .  ::?:,-. 

5.2.2 VELOCITY LIMITATIONS 
....... * ;> ,..;, , ,  . :.. . . . .  ~ . , . .  

%pen channels should be 
consistent with the velocity limitations for the selected 
channel linkn'g.. : Maximum..veIocity.:~alues~-for setlected lining 
categories are presented in Table:5-1.: ,:-~eeding and mulch 
should only be used when the design value does not exceed 
the allowable .value: fqr. kbare .soil .':. Velocity limitations for 
vegetative linings are reported.in:TabIe.5-2. Vegetative 
lining calculations are presented in Section 5.3.5 and rip- 

. .  . ..... <rap. procedures are: presented in. Section 5.3.6; .:.. - :  
, . . . .. , ;.>.. , , .. . l i  . . . . . . . . .  . . . . . . . .  . , 

. . .  - . . . .  ' , .., , . . . 
, . . , , . . , 

. . . . . .  
..;. -5 . .2 . .3  .. MANNING ' S n ;VALUES . . . . . . . . .  . . ,  , 

.... - .  . .  . . I  , .. , , . . . .  . . .  ,. .< 

Recommended Manning's n values for artificial channels with 
rigid, unlined, temporary, and riprap liningsare. presented . .- . . . . . . . . .  
in Table 5-3. Recommended values for vegetative linings 

... :should,be .determined. ..using'Eigure:- 5-1 ,.. which.. provides a,,.<. 
.graphical 'relationship-..between: Manning1s..n.::values.,:and~ the;' 
product of:..velocity and .hydraulic radius..:for:..severa-l.:wige- 
tative retardance classifications,tsee: Table- 5-41.. :.:\-;:.'- ~ . , 

Figure 5-1 is used iteratively as described in 
Section 5.3 .'5. . . . .  , .  . ..... ,. , . . . . .  . . 

, . 

For natural stream channels,..Manning"s n value should be 
estimated using Cowan's Equation ..(Cowan, r1.956) as ' presented 

. . . . . . . . .  below: .. , . , , , ,  . , .  . , , . .  

, . . . :.:, 
, ,, 

where: 
,,. , . . . . 

. . . . . . . .  : ;. . , . ,  
,: ,' 

" ,  . . . . .  
n = ~anning's roughness coefficient for a natural 

... . . . .  , ,. ., .... ,' 
_ 1 "  ... . . . . . . . . . . . .  . . . .  . . . . . . . .  or;excavated .channel:. : : ;'. L: 

. . .:. ,- . , ,, .. , . . . . . . . .  . . . . . . . .  ,, . .',:; ,, ; , : 

n = Coefficient associated with channel lining 
..", , ' . , 

0 ' 
, . . , . . mate'rial ; ',- , ,  . . . . r . . . . . ,~ ,,. . 

. , ,. , . . . . . . . .  . . 'j .. -. ! ,  . . . . , ..' ! 

, . 
. . 



: ' . . n ~ . . , = . : C o e f f i c . i e n t  a s s o c i a t e d  w i t h  - t h e  degree  of . .  
. . . .  . . . .  . . ,  . . , . j  channel  i r r e g u l a r i t y .  . 

, . . . 
. . , . . .  . . .  . . . . .  , . . " : *  . , . " 1 '  

, .  . , ..<, 
n = ~ o e f  f i c i e n t . a s s o c 1 a t e d  wi th  v a r i a k i o n s ,  of  , t h e  ~ . ,  , , .  2: 

channel  c r o s s  s e c t i o n  
. . . . . .  . . . . .  

n = C o e f f i c i e n t  a s s o c i a t e d  wi th  t h e  r e l a t i v e .  
3 

. , . . :- e f  fecf of.-channel obs t ruc t ions .  ' , 
. :,!~ . . 

. . . .  , . r , . , . . . . . . . . . . .  , , . . 
. . . . .  ..-. . ,. ,, , . . . , , . ., , . 

. , : . .  ..,,a . =, Coef f i c i en t .  ,as .socia ted w i t h  :channel : . .  :...;, .. ; , ,  - , , , , . . ,  4 . .~ , . . . 
- , :  , .  . . . .  vege ta t ion :  .: . *  .. . . 

, . , . . . . .  , I . .  , . . . .  .: ,, ~ . , . , , . , ,  7 .  

. . . . . .  ,., . . , . m y  = ' . C o e f f i c i e n t  a s s o c i a t e d  with.  , the d e g r e e  of 
. ' c h a n n e l  meandering, , , . . , .  , , .  ,, 

. ~ , . 1: . , ,, :. , . , ' , , , . .  . ,  . 

C o e f f i c i e n t s  f o r  :Equat ion 5-1 .can:.be. determined ,using: i n f o r -  
mation i n  Table 5-5. Addi t iona l  in format ion  i s  presen ted  i n  
E'HWA-TS-84-204 (USDOT, FHWA, 1984).,~~,including,,procedures. ;:for 

.j., 
determining Manning's n  va lues  f o r  f l ood  p l a i n s .  

, . ,  ' .  . , . . . .  . . . . .  li , , . . . . . . . . . .  ~, , . . . 
, . . .  . L . . ' , . .  . .  . . . : ' I  . . : , . .  , '.., 

i.:5. 2-4.. : SIDE SLOPES 1 
, 

.. . . . .  .' . . . 
. . .  . . . . . . . . .  . . . . . . . . . .  . . .  . . . . . .  . . . . , , , 

Maximum.;open; channel .  s i d e . ,  s , l o p e s . . s h a l l  n o t i  be '  s t e e p e r ,  than 
t h e  fo l lowing .  values',. unLess, s lope. :  s t a b i l i t y ,  c -a lcu la t ions ;  
approved, by: t h e  Engineer of  . , p u b l i c  Works , . i n d i c a t e  that:'. .: 

.., , . ,- , , . . . .  s t e e p e r  s l o p e s .  a r e  ' s t a b l e :  i . .  . : .  . . . . . .  
, . .... . . , , . . . .  , , , ,  .. . .  ~ . . . .  , . : i . , ' 

Lining Material Maximum Side Slope 

-. - . . . . .  ...Concrete, Grouted !Riprap : -: . ' .:.~:l',- 
. . . , Ungrouked~.Riprap; Rock.,Lined, " , . . .  ' . ,. 

. . 
. ' : ..2:1 , . ,  

Solid Sodin Non-Residential . , .  , ~ , , . . .  

.Subdivision 
, . 

Vegetative in Non-Residential Subdivision 3:l 
. . , - ,  ; Vegeta'tive in Residential Subdivisron, : 4:l 

Includes Solid Sod' 

5.2.5 RIPRAP L I N I N G  
. . . . , . . . , . . .~ , 

. . - > 

Guide l ines  f o r  s p e c i f y i n g - r i p r a p g r a d a t i o n ,  t h i ckness ,  and 
f i l t e r  m a t e r i a l  a r e  as fol lows:  

. . . .  . . ,. 8 . . . . . . . .  , .  . . . . . . .  . 

1. Gradation:  The s i z e  d i s t r i b u t i o n  curve should be 
smooth; t h e  fo l lowing  range o f  p a r t i c l e  s i z e s  i s  
accep tab le :  



D .  . ,  . 
~ . : ,  . . .  i . .  .Dso0 'or , . z  - 50 - 

D D < 3.0 and > 1.5 - - 
, .. , , . . .:. 5 0 . 20 , . . . . . . .  . . 

where : 

; . - .,' . . . . . . . . .  ;:!. 
. , D -:'>.loo$ of the' material.Bis smaller 

loo than this size . . .  % . . , ,>  . . . . . . . . . . .  . . . . . . . .  

D 50% of the material is smaller than 
, . . ,  , . ,, :.. 

50 ' . '  this ' size;' 6;' mean p&ticle size 
j 

. .  , .... . . . I . : * ,  , ,.: i.., " 

D;; 
2"2d$' of'' the .material is smaller than 
this size . . . . .  . . . . . .  . ,  < , "? . .  ' . . . .  .. , . . , . ... ' ., . . -  

. ,. 
, . , , I .  , .  . . , . .>  -. 

,, 6.. 
I , :  ..* . AS.,! . . . . . . . . . . . .  <. .~ ~. 

Thidkness:  he: thickneks of rip;ap ,iining"shill 
be greater than orequa'.to the diamcter"of:'the . . 

I '  largest rock in the gradation ,,or,.l 5 times ,the 
i . . . .  . , , .;.:,.:. 

mean rock diameter,. whichever. is - greaf =r. i 
_& . , , . ; , a  , . .  . . .  , . . - - 3. Filter mate ria^: :' Firter 'material underll)i& 'iock 

' : 1 2 ..* ..* > , ,.: 
riprap can"be elther a. granui&'filter lay&"6i a 
geotextile fabric. Major concerns include soil 

P, . . . . . .  retention, water permeability, a~:"c'logging. In 
%*  > " ij 

u general, the permeability',of'i,the filter 'material 
should be greater than the permeib$$ity 'of the 

>,,: .,, ". . . . . . . . . . . . .  .,,,. 
native soil. 

. . .  , , 
. , 

. )  . : * , .  , , , , 

5.3 UNIFORM FLOW CALCULATIONS 

Manning's Equation, presented in thr&' forms below ,' is" 
recommended for evaluating uniform flow '&nsitlons' in open . , . , , 2 : , . 
channels : " .. 

. ,  ,.. , , ,  , 



Q = Discharge rate .for design conditions, - - -  
......  

n = Manning's roughness coefficient (see 0 
Section 5 . 2 . 3  . ~ 

A - Cross-sectional area, in square feet 
R = Hydraulic radius A/P, in feet 

, . ,. . . .  . . . .  , , . , . .  ~ P ~ , = ]  Wetted perimeter, in::£eet 
. . . . . .  , . , .:. . . , .,. ,., ;,:. 

S = Slope . . .  of the-energy grade line, in feet/foot 
, , , . . . . . . . .  , , , l i : I  i. . ., 

, , ... 

For prismatic channels, in the absence of backwater condi- 
tions, ,the slope  of the energy,, grade line.. an$.. channel .... bottom 

,.,>., . ,  ,-. a , : : , .  . , 

can, be assumed to be . the'same .,, , . ~. , .  ... . ,., . . . . . . ,  . ,. . . . . . . .  . ' c .  ., . * > , 

~ ~ .. . . , : :  . ,  , ,  
5.3 .'l' GEOMETRIC 'RELATION~HIPS . , , . . . . . . . .  i . . . . . .  911. . . . . .  

'e Mathematical expressions are,presented, in Figure 5-.2 for 
: ., ,. . . !... : ... . .  1 , ' ,  

$ , ,_ calcu'latifig'th& . . .  . $ . .  . I ,  . , ..,,.... . . foilowin$.'p.arame$er;.::,~:"' ,. ,, .. , , " .  ; . , ' $,$, ,  : , . ., .. A.p . .: ....*..... 
. , . , , . .  . . 

... .. .. . .  .. . . . .  ,. , ...Area : : , :.:..i, ; f ! , ,  .,j ':?.- ,:'. 
. I  . I 

' . .i~?{ r.,:>ijx i:,.<: 

, , , , . . .  ' ' 2  . ;:':,: 'wetted . perimeter ' A , , :  . . , i  . .  

. . . .  3. , ~~diau~iic radius r .  . . . . . . . .  ~. . . . . . . . .  . ,  . 2 . . . .  . , , .  J , *......I 4. . Channel top b i d ' t h  . .  , , . ., 

5 .  Critical depth section factcr - '  

The selectedcross sections inc,lude.,the following types: 
. . , . . , . , . .,., . . . . . . . . . .  . ,. 

. . .  .". , . . ~ . . , .  

1. . , rrapezoidal . .  .,. , , . .  : ,  . , ,  ,.. .. , . . ,  . . . , ,  . ,, ,> . . "  ' . , .  , . ,  ' 

. . .  2 .  : .  ~ectaigular ,:. . , ' ,  , , . ,  . . . .  . . . . . .  , . , .. , .  , . .  . . 
. . . .  3. ..Triangular . . . . . . . . .  

4 .  Parabolic 
5 .  Circular , .. 

, . ,  , , ,  .. . . , . 

Irregular channel cross sections '(i.e., those with a narrow 
deep main channel 'and a wide shallow., overbank channel) must . . . .:, 

' '  be subdivided into segments sb that the flow can be computed 
separately for the main channeland overbank pcrtions. This 

: same process of subdivision:may , $  ., . 'be~used when different parts 
of the channel cross section-'haveL.different roughness 
coefficients. when computing the hydraulic radius o8:the 
subsections, the water depth commonto the two adjacent 

.... . . . , 
. . .  , , . , . . .  , . I . . . . . . .  . 0 



subsections is not:counted :as wetted c ,. . , '  
~ ~ ~ l ~ ~ i ~ ~ l '  Survey.,'"1976a,b]:. .. .,:?..: 

5.3.2 DIRECT SOLUTIONS 
. , ,. t..:::" 

..,.9-,.-m. ,.-. 
,When the hydraulic radius, cross-sectional area, slope, and . , , . 

8 ..., , ,, . .. 
,. , r,oughnejs .~~oe.ffiCi,gnt:~~~ ,an. op:bn .el;';l;;l';el ,. are.3knb"$:,~:. .; .. .. . 

. . ,., - . , , . , , .... . ais'.charg:&?&a-n': be::&lc"'l$t,ed ,..& i'=e.et.ly'" .frb;R:'E&&tioiiL 5-j.::.: ..' 
, . .  ;.a, .,, .. Design..:ai'ds'.: f~r::..t~e,~"dir'e'ct'..sol~ tio'fi::&Lga'n&in'G5; s'"~'~"'~'t~'g~:,. 

are presented in' the form of. tables charts, and nomographs. ' 
I >:;<,,,;:,;'! ,, : ,?.!,,>,< ;, ,.i t:,: ,,:>*;.j,t. 

".:! ' f t .  . '3 r . . . .  . 
A constant parameter, whicih.bep8nd7; oh"Lhl'y 'th= geam&try and 

i >:) : 
O I . . : ~ , .  . channel roughness, can be 'used':' kb'..3imp'li!ff;' the, dtrect solu- 

. ,  . , ~. ,\. .v . 
tion .'M?,fin'ing, Equa:tion . a; ';folYbf& : ; ;,,*; ' .'. . .d :: . : ~. 2, 

. , . , , ,  : ", " ,,*' ;. ,; , :. * '  " i- i , . . 
, "  .~ ... !.' . * . ,  , : . . . . , , . , .. . 

Q = Discharge for design conditions, in. cfs 
, . I (  .. *- . . .. ., , :> ,. fi',.": 

4 ,-Y_ _..,.. _ ..*- 

.. . . . 
P P Wetted perimeter, in- feet .. . ,' . ; . . . " 

Tables 
-. . .. , ... . . - ,  . L .  , , , _ .  . : I : ' ' > , . . ( , ,  , _  .,'... 

I /  

:: ~kbleg   of:..^ ,,akueij -are .:.pfovided .-.f=r .:cb,icrite :,gipe with the 
1 following cross sections: : . . : I 

. .  . . . 
. , -cLx.culat - . :  , : i :  *fab.& $.,"6" - .,. ;:, ' ; ; , , I  ,! . . .. <.. . . ? . -  . . , ~. 

, ,,,. !..<,,:;.irf2ic&il .:, $2 , ; : ,T&"l&.:.5 - 7..; !..;,~ j-i??. c>;,::. 
. . :- !, : 

Arch , Table 5-8 , .,"' 

Precast Box e 5-9 
,, ,. .. , -.;: . ." ,, ?. ., :, ,.',,.": :#[:-., :: ,.,. ! ?  *,!'i..' ;., ' , . , : , :  ,&.. , , .  

, , . ,:i , . . . a l i  ' _ . . '  , 



Using t h e  C . v a l u e ,  o b t a i n e j  from, t h e  a p p r o p r , i a t e , t a u ~ r  ~ l l a  
. . . . . . .  

c a p a c i t y  0:. s l o p e  can b e  ' ob t a ined  , .d i rect ly ;  by , , so lv ihg  I . ,  .. , . 

Equation 5- o r  5-6. 
. ,  ,* 

0 
. . . .  . . . .  . , . . .  . . . . . . . . .  , . 

Char t s  
, . . . . ' , .  , . . ., .. , 

i i  \ '  

F u l l  'flow, -. - ? . .  , capHc.i~ji ' ,cha,r t 's  . , .  ,. ........ f o r ,  t h e  . f ~ l l , o w i n g ,  ~, ,.: , .  ,p ipe  shapes ,. . , icd  . 

roughness. . . . . . . . . . . . . . .  c o e f f i c i e n t s  .", . .  a r e  d u p l i c a t e d  f rom ., . : t h ~ , , ~ m b r i c a h  ,. 

concrete , ,  . . .  Pipe.  ~ s s o c i a t i o n '  .a.s.:the ::figures, l i s t e d :  . . .  . . .  . : . . . .  . . . 
,, . ,  ,~ . . ,  , . . . . . . . . . . . .  ,. ,.,,L . . .  . . .  . . . . .  ... ,&... ' ' .  z,.,., t . .  ! , ." ::'. - 

t . n = 0 . 0 1 1 ,  F igure  5-3 
, " 

. Arch, n ,  = 0.'012,~,, F igure  5 - 4  . . . . . .  . , ..... , . . . . . . .  . . . . . . . . .  b . . .  . . . . . .  I ,  ,., . . , . 

hrch ,  n  =. 0 ~ 0 1 , 3 ~ ~ ~ ~ , F i g u r e  . . . . . . . . . . . . .  5-5  . . .  , . :: . . . . . . . . . .  
Box, n  = 0.0'12, s i z e s  3 ' X  2 1 ,  . . . . . . .  t o  8 ' x  8  ' , Figure.  5 ' 4  ., 
Box, n  = 0.012, kiies 9'; 5 ' . t o " l 2 ' x  1 2 ' ,  ~ ' i ~ u r e  5-7 

. . Box, n  = 0.013, s i z e s  3 , , x . 2 '  t o  8 ' x  8 ' ,  F igu re  5-8 
Box, n  = 0.013, s i z e s  9 ' x . 5 ' t o  1 2 ' x  l Z 1 ,  ~ i g u r e  5-9 

;These c h a r t s  p rov ide  a d i r e c t  g r a p h i c a l  s o l u t i o n  f o r  t h e  
' capac i ty  s o l u t i o n  t o  Manning's Equation (Equation 5-31 when 

a l l  b u t  one v a r i a b l e  i n  t h e  equa t ion  a r e  known. 

, . , .  ' . . . . . . .  w 
~ i r e c t  s o l u t i o n s  t o  Manning's  quat ti on c a n - b e  ob ta ined  us ing  
t h e  nomographs presen ted  i n  F igu res  5-10 and 5-11. P a r t  A 
o f  F igure  5-10. provides  .... *., a g e n e r a l . .  i _. . . .  solution: ,for , .%the : ,  v e l o c i t y  
form o f " ~ a n n i n ~ ' s  ~ ~ u a t ~ d "  (Equation 5-2) , 'while P a r t  B 
provides  c a p a c i t y  and velocity,solut~ons,folt.circular ., , . , pipe .  
F igure  5-11 a  nbmograph s o l u t i o t - '  f o r  t r a p e z o i d a l  
channels .  . . . . . . . .  .. . . -. . ... % f ,  .,,,.. . . . . .  , , . ;  

,General .  . . . . . .   he, fol lowing .) . , steps , a r e u s e d  . f o r  t h e  g e n e r a l  
: s o l u t i o n  norno;jraph i n  p a r t  A iif ' ~ i ~ ~ & e ' ' 5 - 1 0 :  

1. Determine open channel  d a t a ,  i nc lud ing  s l o p e  i n  
, f e e t h f o o t ,  . h y d r a u l i c .  r a d i u s  ., i n  f e e t ,  ~ and;..Manning1 s 

1 : ;  . , . I  .:. '.," < . .  i ' ,!  . . .  . . I .  .. , : .. , . 4 ,. 
n 'value.  . . . ,  .* . . , . . . .  . . . . . .  , ., , . . 

2. Connect a  l i n e  b e t w e e n , t h e  . ..,A: Manning's n  ,,, s c a l e  .. .% anc: 
s l o p e  s c a l e  and n o t  <...the . . . . . . . . .  , , p o i n t  o f  . i n t e r s e c t i o n  ,, . on 
t h e  t u r n i n g  l i n e .  ;. . ; ... 

3. Connect a  l i n e  from t h e  h y d r a u l i c  r a d i u s  t o  t h e  
p o i n t  o f  i n t e r s e c t i o n  ob ta ined  i n  S t ep  2. 8 



. . 4.  . , Extend . t h e ,  . . .  , l i n e  :'from S t e p  3, - t o  , t h e  v e l o c i t y  s c a l e  

C . , . . t o  o b t a i n  t h e :  ve loc i ty .  , i n  f e e t  (secon'd . . 
.,., , > '  . . ,:, :,,?$; 

, . ' ,  > .  
c i r c u l a r .  The fol lowing s t e p s  a r e  used f o r  t h e  c i r c u l a r  
p ipe , .  nomograph i n  Par,t  B .-of:;-Figure15-1.0: : .  

. . . . .  . - , ., . , 
, ,  , < . , I  . , , ,  ~ . .  . . . : ., . .-jl,.*,. .. . .. . -,*,.; .. -.:, 1, ;..<.,.. . '  . ,s '..< . I .  . : , :  '::., . , 

, , .1 .,, . , , Determine,. .~ , . , ,  input : . -data , .  ,inclwd.ing; s l o p e  i n  f e e t /  
foot. ,  - banning'  s :k.:va.lue... . ,  . and..,pipe diameter  i n  
inches  "or  ' f e e t  . 

. . 
', 'b,,. :...:,: . : s . . , , -  ." : .. ;: , > * . . - .  I : ' 

. , 2  .,, > ,  Connecf, a  , l ine..  from: t h e 4  slope-.  & a l e ,  Po in t  1, t o  
., , ~ . ," .'. 

t h e , ' ~ a n n i n g ' . s , : n  ' sca le , . , ,Po in t  ; 2,,. and no te  t h e  ~ o i n t  - 
of i n t e r s e c t i o n  on t h e  t u r n i n g  l i n e ,  Point  3. 

, . '  . .  . . , , '  c:.. . ~ . . . . . . ,4: , -  . ' 

. 3 . , ,  . . Connect a l i n e  f r o m t h e , '  p ipe  . .diameter,  Po in t  5 ,  t o  
t h e  p o i n t  of i n t e r ~ e c t i o n ~ o b t a i n e d  i n  S t ep  2 ,  
Po in t  3. 

' ~ , . . ..':,.,," : . . . ,  , , . . .. .,., :', ; ,.3,. ,,., ... . ., , . ,: , .. . . 
,,4,.. . .~xtend~,the.,line,.from s t e p .  3. t o  t h e  d i scharge  and 

, I ., . , .  . 

v e l o c i t y  scale-s. t o  read  t h e  d i s c h a r s e  a t  Po in t  4 - - 
and t h e  ve loc i ty , , , a t  :Po in t  -6...: .~ . i , , , - ,. - . . . . .., . . . .~ . . . . . . . . . .,. .- . .~ . . .  ., . ~ .  . . . , 

: . .  . 

c .Trapezoidal .  , T h e  t r a p e z o i d a l  channel.  n o m o g r a p h ~ s o l u t i o n ~ ~ t o  : *  

Manning!,s , ,~quatio<"in F iqure .  ~- i1 ,~.&n:~be: 'used .:to..f ind. t h e  

,,. , depth,.of ,flo~.;if~.the.,.~d~sign.,discharge,:,,~s , . . . .  . kn'own-or . . t h e l d e s i g n  
d i s c h a r g e  i r  : . the,  dep.th, of.~flow".~is,::.known., , .  . , .:I .:: .~..>., : . + : . , , , i ~ ~ <  :i.?. 

. . .  
: , ; ,  ,.:.>.;2L:. "<.< ...' . . .  , ,:i,.. : a , ,  ,: . . : .. .. , '.,i. , >:, .:. .;.::. . . 

, . ... 
1. Determine' i n p u t  d a t a ,  i n c l u d i n g  s l o p e  i n  f e e t / f o o t ,  

Manning's n va lue ,  bottom width  i n  f e e t ,  and s i d e  
s l o p e  i n  f e e t ' t f o o t .  . . j . .  

,,. . . ., , .. . , .. .; 
, . 

~. 3 v 

2. a .  'Given t h =  des ign  d i scha rge ,  f i n d  t h e  product  
of  .,Q t imes  n ,  connect  a l i n e  from t h e  s l b p e  
s c a l e  t o  t h e  Qn scale, and f , ind t h e  p o i n t  of  

, ,.,,;% , , ,.i.iter;ect,ion on, the".turrjing'..line. . 
. , ,  ,. 

b. ' ...c onnect  - a  ' l i n e  :from' t h e  t ~ r ~ i i g " ~ o i n t  from 
S tep  2a t o  t h e  b s c a l e  and f l n d , t h e  i n t e r -  . , ... , _I ,i secri:6n wrth 'the1' .= 0 , ~ c ~ ~ ~ .  

. : ,  . ~ ... <,<.' . .. I ,  ... . . . , . , , c. . . .P$o j~ .c~ 'hor i i ' on t ' a l l$  :from the p&int located 

i n  S t ep  2b t o  t h e  a p p r o p r i a t e  z value  and 
"'- .. , , ,  .,ki'hii Val"e d,b ;*:. "i. ,'.,. , ., :. 

> 

.' ,.:z..: >.  



. . . . . .  d. . . ;Mul t ip ly  t h e . v a l u e  of d /b  ob ta ined  i n  S tep  2c 
. . . ' .  by t h e - b o t t o m  wid th  b  t d  . f ind ' the  depth of 

uniform flow, d. 
. . . . . . .  , . 

, . , , 

0 
. . .  . . . . .  . . .  , , . . ,. . , . . . . . . .  ,% 

3. a ,  ~ i v e n  t h e  dep th  o f  flow, 'find-' 'the " ra t io . .d .  
d iv ided  by b  and p r o j e c t  a  h o r i z o n t a l  l i n e  

, $ ,, f romi the  d / b  r a t i o  ' a t '  t h e  a p p r o p r i a t e  s i d e  
. . $ $  , : : i  .. : slope. ,  z ,  t o '  t h e  z = O,scale.":!" 

; , . 

b. Connect a  l i n e  from t h e  p o i n t  l oca t ed  i n  
. , 
. a _ .  . , -  , . . :  : step-:-3a t o  the:,b:' sca , le  and f i n . d . t h e  ' i n t e r -  

., , . . 
. .' . ; c . . , , . section. wi th!  t h e  .turnifiq::lirie.; ' 

, . . . . .  .. : . . , ' , I  . , .  . . : 2 .  . , , , 

c. Connec t  a . l i n e  from t h e  p o i n t  l oca t ed  i n  
. . .  

& .  , :,,,Step:3b t o  the .  s l o p e  ' s ca l e  and" f i n d  t h e  
. . .  

, .. I :.' > i n t e r s e c t i o n ' w i t h t h e  Qn scale . '  
, .. , 

d. Divide t h e  va lue  of Qn ob ta ined  i n  S t ep  3c by . b q  

. . 
. ,  , 

: . , ,  . ,  , ., : t h e  n  va lue  t o :  f i n d ' .  t he . , de s ign -d i scha rge ,  Q. 
. . . . . , . . . . , , .  . .  ~ . . . . . .  ,., " . , . .  . , . ., ., . ., . . - t , .  :, * " .  ~ 

.. , 
5.3.3 TRIAL AND E R R O R  SOLUTIONS' . ' :*! , . ' ,  . , , 

~'.:.:~:'trial.,and::error.~'.~rbc&durk . f o r  s o l v i n g  ~ d h n i n ~ '  s ' . ~ ~ , u a t i o n  
i s  ;used : t b  f cbmpute the.:"ndrmal,,dkpth of :fl&:>i&Xa',uni formg" 

. . . . . .  
- .!+,> channel  when . the  channel  ishape;!:::slope',:~"rough~8.s~ ; . : and . ;des ig~~  

. . .  
0 

d i scha rge  a r e  known'.;:,.:Por - purposes  of', the ' , '&ial  a n d ' d r r o r  
p rocess ,  Manning's Equation can be arranged a s :  . . , .. . . . . . . . .  , a .  . , . -  , 

; ,  . -? \- . , .  ': , . . 
\ ., 

. ' . ~' 

, , 
, , . :  , , ., 

, . 
. . . ,. . , ' , , .  ,; . , . ,  , : .  .: , , . , .  . 

, . 
. , , , .  . . . . . . , . , . . ,  ,. . . . ., , 

: ... A > 1 -  ...... c r o s s - s e c t i o n a l  arga,  i n  square  f e e t  
", . . . .  . . . .  , , ,.. ,, 

. . 
, , . . . R .  . = Hydraulic . , . , ,  r a d i u s  ,. . (A/ ,P) ,  . . . . . . .  . i n f e e t ,  a 

. . . .  . . . . .  [,: , . . - 5  . . . . .  : 2 ; 
. , 

P = . ~ e t t e d , ~ e r i m e t e r ' , . i , ~  . . . .  ,, . , f e e t .  , : . I !  - 

.,, , ~ . . .  , , ,i Q , = .  Discharge r a t e  f o r  des ign ,  c o n d i t i o n s ,  i n  c f  s 
L . . , . ,,I. . '  ., . ,  I , (  . / ,  . ,  . ,, 

. . . , . ,  . . . . . . . . . . . . .  . . . . . . . . . . .  , ....... . . . . .  , 
n = 'Man'riihgls- roughness . . . . .  c o e f f i c i e n t  . . ( s e e  

,;, 
~ e c t i o n ' 5 . 2  .'3) 



S = Slope o f  t h e  energy grade l i n e ,  i n  fe,,, .,,, 
, 1 ., _ ,  . .. , : . , . .': 1 ., . 

, . .  ... , , ,  ' , ' . 

(2 :To -determine the .  .norma'l s depth '  .-, . . . of  "'fl$k"in' . s .... s . . a channel  by t he  
, .  :trial:..&hdi.err~r..pro~&&si~.t~ial v=lue& bf d$pth a r e  used to 

determine A ,  
,, .., ! * 

P, an$/9 f o r  t h e  cjiven"~'channe1"'cross s e c t i o n .  
T r i a l  va lues  of  AR : a r e  computed u n t i l - t h e  e q u a l i t y  of 

' E~.&ti& : s ;g  'i.s:l; satisfi&.'.gG=h the, design , '(:.b, .,flow, lis con- 
.- 

,. ;. ., ? . 
? t h i n '  t h e ?  bahks .'&k desxr$a'. =h=n$,=~' &oss,, section. 

! ,> ., ; . \ ,  i*.<,;? , :,<: . , ,8,;c, ' i : , , ; , .  -j t..;:, ,.,, !,<., :;;K ,".<. ; . - ' . , , : . 4  " . . . . , I , . . 
Graphica l  procedures f o r  s i m p l i f y i n g t r i a l  a;dLkrror 
s o l u t i o n s  a r e  p resen ted  i n  F igu res  5- 5-15, which 
are" de'k.=iibe?h ? ' . I : '  ""i!.,:. #.." ''\ < :..':, . .. .. 8 

-. . . 
T*'.. ' ,  . . .J , C ' ,  .,<.+ ,%., . ., 

Trapezoida l  Channels 

For t r a p e z o i d a l c h a n n e l s ,  F igu re  5-12 can be used t o  make 
.. . . , . ,. 

.. - :cap&citg'..' calculati:dns : a ~  f o ~ ~ & w s ~  ~. . . ,  . , . . , , ,  

. , -  , ' ,. . . . , . . i  . , . _.. ,,. . . .  . . , .  

1 .  Determine i n p u t  d a t a ,  i nc lud ing  des ign  d i scharge ,  
; , , . . I ,  ' ,. i'. _ 3 .  

, . . , 
'Q . - ~ ~ & ~ ~ ~ ~ g  , '= n' . a l*e.;"' c&*'ne : bb'&k-&,, ..,width , , ,r 

' . <  ., 
,.. . ~, b, 

'chanhel" slop=,.. S,  &d"channe:18 , s u e .  s l o p e ,  Z .  
, .. . ,  i. . : 1 : I . '  6 . .  , , .. , .. , . 

2. C a l c u l a t e  t h e  t r a p e z o i d a l  conveyance f a c t o r  us ing  
. I ::i 

... . ,  . 
. .. eilu'a,tidi;: .'.. "' ; "' ."' . 3 : :  , .... . >."". .' , 

. ,  . . .  . .. c) . i ' L  , . ,  ;. . ,+. % 
, . 

where: 

, . , .. :, , -. . ., .K'- '=  ~ r a p e z o i d a l  :open channel  conveyance 
,,?, T . . :..,.. .. 

f a c t o r ,  

, , . , . ?. . , ,  . . .  . Q = " ' d ~ ~ ~ h a r g e '  r a t e  f o r  des ign  
e ., > ' : . ; i .  . , condi f  rons ,  i n  ' c f  s 

.. . 

. , , . .  I " " '  n' = ~ a n l i i n e ' s  roughness c o e f f i c i e n t  
( s e e  Sec t ion  5.2.3) 

, . ~ .  . . .  , *,;. 2,: .: 
., . .  ,. , . . . 

. , 

b = Bottom ,w.idth, i n  f e e t  
,., ., I '  . . ,, . : . . ',,. , . , >  .. . . , * 

: i  : ,  .,... ," - .. 
1 .  . 

S = ' s lope o f  t h e  energy grade l i n e ,  i n  
f e e t /  f o o t  



. 
, . ,  , . , . , . , .  . . .  . : 

. ... 
3 .  . ~ n t i r  t h e  x-axis o f  F igure  5-12'with t h e  va lue  of 

. . K c a l c u l a t e d .  i n  . S t e p .  2 and draw, a ;  l i n e  v e r t i c a l l y  
. . , T , ,  L , , .:, . . 

. .. to , .  t h e  curv. i . that  , . .  . .  corresponds . t o  . . . .  the,. " ,  a p p r o p r i a t e  z 
0 

v i i u q  from , s t e p  I .  : :  , . . ' ,  . , .  . . ,. ._ . . .,. . . . . . 
, i , &  _ " , ... . . . ~. 

, . .  
. . 

. I \ . , .  , , , ;,. 
. . ; .;: :', j. , ' 

' . , ,  ., .,,. :. .;9u L r.,.) :, ~:>.i.': ; 
' 4 .  ...~i.~m.:'the po in t  o f ,  i n t e r g e c t i o n  .obtained . i p - S t e p  3 ,  

' , . ,  ::. .,.', . .:. , . , ,  . , . . _  . . , 1 * ,  

draw ar:hdrizoii ' tal l i n e  t o  t h e  :y -ax is ,  and, r e a d  . , the 
. .I, . I  , ,,:.. . '. . , ,,' ,&'.., .*, -" , , . >  , . , , . .  . . ,  ". /. . , , . 

0 . "  ' va lue  o f ' t h k  normal dep th  of flow ove r  t h e  bottom 
width1 d/,b ... . ' ,.,, t , , . z T  ;,,,, :,,,.A,. .. . . . . .  I , .  :.,-. .,. : . >  ' , " :. ., ". ,,, . .. . 

. . .. .. , L , . 
;).; , ,.,,. < \. .,;.<, ' V  . , . , , '., 6 ..: : , "~., ;?.:,!,:? . !a,  , ', ,,.,... >.;. , i  9: -7:" 

5 .  Multipl-y t h =  d j b  ' i r i l i d  f i & , ~ t e p , . ~ $  . . b y .  , ~ ,  b, . to , .obta in  ~. . 

t h e  normal dep th  of flow. 

C i r c u l a r  Pipe 
. . 

, . , . . , .  . , , . , . ... . . 

For ,pirtiai  f i i w  ' i n  a  c i r c u i a r  , .pipe,  ~ , i g u i e  , 5-13 ,. c a n  .be G s e d  . . 
f o r  c a p a c i t y  c a l c u l a t i o n s  'as fol'lows: 

, . .. ., .., . . .  . , .: . . . i . : ,  . - 
1. ' .  ~ e t e i - m i n e  : input  da , t=,  , ihclud,ingr de,sig.n d i scha rge ,  

., . , .  , d:, 
Q ,  "Manning ;'s n  va lue ,  -pip&' d ' iamiter  D , and 9 

t , , .  , :>:,., ! , .  
. d h a i i i i l  sli+',' S. 

. , . * , , 
, , .  , ,  * '  ' L " : '  ' 2.  ~ a l c u l ~ t e '  t h e  = i r c u ' l i r  pi&, .,. cbn"eya&& , .~,,,... . .,.., f a c t o r  

us ing  t h e  equa t ion :  

where : , , .  ,. , , .  

. . .  ; , .  . ,  , , , ,  . , . ,  . ,  ,,, : . ~  . 
K . = C i r c u l a r  p i p e  open.channe1 

P  c o n v e y a n c e f a c t o r  ' .  
. .  .; 3 ' :  

. . . Q = Discharge,  r a t e  f o r  des ign  . , .  . 
. . c o n d i t i o n s ,  ,.. . . .  ' i n  c f s  

,. .,, .. 

, , , .  .. , .. .. n  =.  . Manning ' s  , . ,  roughness c o e f f i c i e n t  

D = Pipe d i ame te r ,  i n  f e e t  
, . . ~ 

, . . . , , . . . . 
S = 'Slope gf t h e  energy grade l i n e ,  i n  

, . 
, . 

, .  . . . . fee t / . fao , t  r. -... 

' ,  . . ,  : . .  . . ,  
, . 



3. En te r  t h e  x-axis o f  F igure  ,5-13 wi th  the .  va iue , ,o t  
, , . . , . , p ~ : ,  : 

i : ..,:; :.'.'(!.('~<,:.': 
". 

..,, ., 

draw a h o r i z o n t a l  1ine:; to t h e  .,y-axis:: andr:read::a 
va lue  o f  t h e '  normal depth o f f l o w  over  t h e  pipe  
diameter ,  d D .  

, 1'; .-. - . . ,  , 
5. Mul t ip ly  t h e  d/D va lue  from. S t e p  4 by t h e  p i p e  

d iameter ,  D,  t o o b t a i n t h e  normal depth ofvflow. 

: A n a l t e r n a t i v e  procedur,e.,for.,e~aluating, paz . t i a l  flow a t  any 
d e p t h  i n  c i r c u l a r  p i p e  i s  t o  a d j u s t  t h e  f u l l  p ipe  carjacity 

. us ing  F igu re  . ,  .5-14. . , ,  . . ,  . . !:, . . . j , ' 

; s2 I Pipe Arch . :  , ,  ., . ,  . . . . .  ~ . , . . . . ,  ' . .  .. , .  . . , , 

The c a p a c i t y  of :pipe.:arch,.,:a.t any; dep th  can-,be : e s t ima ted  . '  
' us ing  ~ i g u r e  ,.5-15. .to'.ad:j.us.t,.:ithe : f u l l ,  p ipe . . capac i ty .  . ; F u l l  

p ipe  c a p a c i t y  f o r  p ipe  a r c h  can be es t imated  us ing  d a t a  i n  
Table 5-8, or..,capaai,ty.+charts,:in E S ~ U K ~ S  5-3:; 5-4, o r  5-5. 

- .  
. , . ' 8 ,  . * $  , . . : : ,. : >'4.:.,>!,: ',,$,. ..,, 

s -  

5.3.4 CRITICAL FLOW CALCULATIONS 
. . . . .  . , .  

, ,<*. .; r:, ,:, , . . . - .. . . , .  . .,, _ , , > '..:,I . ' . .  . , ... 

A d e s i g n  f  1 0 w , ' , ~ t .  . o r : , n e a r , c r l : t i c a l  d e p t h  . (t4-0 . ,percent)  should 
be avoided,  becabse such flow c o n d i t i o n s  a r e  not s t a b l e .  

.:,,The :general  , equa t ion . .  f o r  , d e t e r m i n i n g , c r i  t ical  :dep th  i s  
expressed a s :  ,.. . ,  $ .  , . I , .  . * ,  . ., 

, . ,  . 
. , t  . ,  . , , ~  

, , ' . , . , . . . , . , ,  'Q  ischar charge r d t e  f o r  des ign  ;cona'iCions; -'in c f s  
. . *  , .  +. . . . , , .  , ,  . . . .  , ?  . . . I., , ' .  . .  ' , . ' , . ; , ,' ,.., , .  . .. , , . 

, > l  ' 

. , . , I.!, . ~. - oss-sect$ona'li hrea., i n  squ=re  fe.& ,' 

.~ . - .  , . . , ,  .. . . '/I '. . . . , ) . S .  , . . " :  , , .. i , . .  , 

, . * . . :  
T = Top width o f  wate r  s u r f a c e ,  i n  - fe i i t  ''.. . i ' : ' . ' '  

,-: 1,t:is impor tan t  t o  no te  ' - t h a t . c r i t i c a 1  depth depends on ly  or? 
t h e  d i s c h a r g e '  r a t e  and channel  geometry. A t r i a l  and e r r o r  

P I  2,. 

gnR370/008 i 5-13 ,. . , .  , , . "  ,. , % .  .. . . ~ 



I 
! . procedure i s  requi red  t o  s o l v e  Equation ,5-ll . :  a Equations ( a s  

. . presen ted . . in  T a b l e  5-10]. o r  . s ec t ion  f a c t o r s  (as ir.  
Figure  5-21 can be used t o  s i m p l i f y  t r i a l  a n d ' k r r c r  c r i t i c a l  

I 

9 
depth c a l c u l a t i o n s .  The fo l lowing  equa t ion  from Chow (1959) 

. , is .used t o .  d e t e r m i n e - : c r i t i c a l  dep th  using'. an , i app rop r i a t e  
,: c r i t i c a l ,  f l o w i  s e c t i o n  f a c t o r ,  2:. ;. ' .  :' . ,.;.*'cC 

I .I; " 1, c , . '  , , , : I  . . . . .  , , . i !/.; < . :  . . 
. . . .  

, . ., . ~ 

. ~ 

, . Z. = Q / J ~  , , .  (5-12) 
. . . . . . . . . . . . . . . . . .  i . .  I * , , ?  ;.., . * - ,, . ,,, .. . ' , 3. 

. . .  ., . ,, , . . , I> . a b  
. , 

-.where: . $ . ,  , , 
* . ~  . . ~ . ,  . ., 

, . , .  : :  .. Z = - . C r i t i c a l  ,:f l o w s e c t i o n ' f a c t o r  ( s e e  Table  5 -10 )  
. . . . . .  . . ,. . . . . . .  . . .  . . . .  . . . . .  , ,  . , , ,;, ., , . ,  , . .. , , , , .. " , - 

I . . 

Q  =  isc charge r a t e  f o r  des ign.  cond i t i ons ,  i n . c f s  
I 

I g = Accele ra t ion  due t o  g r a v i t y ,  3 2 . 2  feet /seconda 

The:-; fo l lowing  ., 
,'b 
i c r i t i c a l  flow; 

, ., , , . ? ,  

1.; , , I f  t ockty- head..:i$: 1es:s.- than:- 
mean dep th  of 0 . 

2 .  I f  t h e  v e l o c i t  i f  t h e  mean 
. . 

5 . .  . , I  . . .  -. d e p t h '  of f low,  : the  .flow .:is. c r i t i c a l . , -  , .: : ..:i. :. . . . . .  . . .  , , ':, .. , , . , . 
. I ,  :, . . .  .. , ...:. ' . . . . . . _ . . .  . . . . .  :'. ,,'>$:'. , ., ' ..; , , ..: 

3 . . ! . - : . I f  - t h e  ..veloci.ty head '  is', g r e a t e r  : than :one-half t h e  
mean dep th  of flow, t h e  f low is  s u p e r c r i t i c a l .  

4. A normal depth .of uniform f low--within  about 
1 0  pe rcen t  o f  c '= i t i ca i"  dep th  i s  u n s t a b l e  and 
should be avoided'  i n  d e s i g n ,  i f  pos s ib l e .  - . . , ~ .  -. . 

. .... 
. . . .  I f  , .  ..an u n s t a b l e  . , c r i t i c a l  d e p t h . , c a n n o t b e  avoided i n  

de s ign ,  t& i e a s t  f avo rab le  t y p e ' o f  flow should be 
assumed. f o r  t h e .  des ign .  ,' . , .. - , . , ; , > .  

. . 
... ! ,. . p  . ., ., , 

The Froude number,, Fr, c a l c u l a t e d  b ~ t h e  .:follow.ing equa t ion ,  
., ~. ,~ ."  ..,: _ , , .., ~ - 

i s u s e f u l :  fo; e 'baluat ing t h e  t y p e  of flow cond i t i ons  i n  an 
. . . .  . .  . .  open channel:  : ! . ,  . , ...... , ,  , ( ) .  , , ., : I :  1 ... (_ , . . .  , 



F r  = Froude number, d imensionless  
. , ,. .' . . . . . . . . . . . . . . .  

, ~. 
, . ., ' . . : ,,. . >., c.,: <,,>..,,. 

' .  , _ >, . . 
. v y .  ve loc i ty '&f  flow, in.."feeti&c&d 

... ',; , , ,  , , ~  ';' . . . . . . . . .  . . . . . s .  , ,d , !q ,  -: ,..: :< '. 
, : . '  : i, .' 

, .  . ,  , ,,,. . . :<,.( -, P .  . .  . . . .  gi=:  A c c e l & ~ ~ t i ~ n . : & e s .  to-$rau~ty ,  *'32p>2 feet/ 
second2 . . .  ,,, ~. . . . . .  . . . . . . . . . . . . .  ..,:: . : I ( . .  : L ,  >' *.:& .,~. ~ , .  , fi? ,..,,< , . 

^ A = C r o s s - s e c t i o n a l  a r e a  of flow, i n  square  f e e t  
. . . .  , i: : 

- ' > ,  

T = Top width , ,of  flow, i n  f e e t  
; ;. 

I f  F r  is g r e a t e r  than 1.0, flow i s  s u p e r c r i t i c a l ;  i f  it i s  
less thanPl.O, f low:--is  subcritii5kl;' ' ~ r  i s  1 . 0  f o r .  c r i t i c a l  
f low cond i t i ons .  . . 

. . .,, . , . . . .  . . . .  i '  - .  , . ,.. 
. , . ,  . 

5.3.5 VEGETATIVE DESIGN 

A two-part procedure,  'adapted 'from-chow (1959) and presen ted  
below, i s  recommended f o r  f i n a l  des ign  of temporary and 
vggetat'ive:- c h a n n ~ f " " ~ ~ n ~ g s ~ - ' . :  parbt. 'IJ,.,.-the 'des$Gn ' s t a b i l i t  9 

.- r i ,. I, 

comljonent, i nvo lves  determihqchanne-2 cllmension,s f o r  lowL 
v e g e t a t i v e  r e t a rdance  c o n d i t i o n s ,  u s ing  C l a s s  D a s  de f ined  

t ; . i n  . ,Table 5-4. P a r t  2 ,, ithe des ign  capac ' i ty  component, 
. . . . .  

i&olves  determining.. t h e  'depth =ncr&ase necessary t o  main- 
t a i n  c a p a c i t y  f o r  h ighe r  v e g e t a t i v e  r e t a rdance  c o n d i t i o n s ,  

" 3 \ 

- u s i n g  C la s s  C a s  de f ined  i n  Table  5-4. 1i2tkm$orary l i n i n g '  
is t o  be used du r ing  c o n s t r u c t i o n ,  v e g e t a t i v e  r e t a rdance  
r lass'!^ -should ',be used~'f'or"~d&ilgn."s6dbility c a l c u l a t i o n s .  

Temple' e t  a l .  . ( 1 9 ~ 7 j ~ ~ ' ~ r e ' s e n ~  'ann'*al ' ternative procedure f o r  
des ign ing  g ra s s - l i ned  channels  ' t h a t  i s  a c c e p t a b l e  bu t  r.ot 
d u p l i c a t e d  i n  t h e  manual. . , . . . . .  . . . . . .  . ....... >'., . . :  : : % , L , l  ~ : .  . , . . . .  

I f  t h z  channel  s l o p e  exceeds 1 0  p e r c e n t ,  o r  a combination of 
1 channel  l ini 'ngs w i l - 1 -  be u ~ e d , ' : a ' k l d ~ t i o n a l  procedures n o t  

p re sen ted  below a r e  requi red .  References i nc lude  HEC-15 ~. 
. ' (USDOT'; FHWA,: 1986) .andx HEC-:1 v, FH'v:A,;:,';', . 

' s. 

' ~ 9 ' 8 3 ) .  .... . i t c ,  .,;. i . . .  . , , . \ . .' ,. . ; :' . . ,  , . ' . -.ic: : 

1. ~ e t e d n e  apfieopriate.  de s ign ,  varlabl'e's, i nc lud ing  
d i scha rge ,  Q ,  bottom s l o p e ,  S ,  c r o s s  s e c t i o n  
parameters ,  and v e g e t a t i o n  type..  



2 .  Use Table 5-2 t o  a s s i g n  a maximum v e l o c i t , ,  * m '  
based on vege ta t i on  type  and s lope  range.  

, , 

. : .  * . "  . ,' i. , . . :  . 
3. Assume a va lue  of n and determine t h e  correspond- 

i ng  va lue  ,of:, v R  from' t h e  n., ve r sus  -vR curves  i n  
, J .  ,, , .',.. . , .  

Flgure  5-1. Use r e t a rdance  c l a s s  D f o r  permanent 
v e g e t a t i o n  a n d  E f o r  . . .  t e m p o r a r y c o n s t r u c t i o n .  . . . . . . . .  , / , ..I ,.. . . 

4 .  C a l c u l a t e  t h e  h y d r a u l i c  r a d i u s  us ing  t h e  equat ion:  
. . . . :  , : . . . . . .  . . . . . . .  . .  , , . . , , .  

( V R )  R =  - (5-14) 
. . .  . v 

. . m - '  

where : 
. ,  ,. - .  , , . . . . . .  , , . . . . . . . .  , - . , . , . ,  . . 

, . 
, .  ~ . . , 

R = , .. : ~ ~ d r a u l i c : .  r a d i y s  of ~ flow, , i n  f e e t  
5 ,  

vR = Value ob ta ined  from Figure  5-1 i n  

, .,, . ,, , , .  . . . . , . ' ' 7 ' ,  :.:. ,- . . 
, . ., ' : / . .  

. . . .  . .  , 3 -. ....... . , vie. . , .I 4 . t h e  - . fa i id t ; ing , , i c r m , ~ o f  ~an~in~,:'s::.:~~uation,:,.t~ . . 7~ ......... 
. . . . . . . .  ..c.$ic u.iate the : . va lue  o f  -VR: . . . . . .  :',, - .  ,.,,; ;, . 

J . , '  . , ; ,  . . .+ .  , , ,  . . .  L. . n 

. . . .  . . .  , .  , . . . "  :- ., . . . . . . . . . .  . . . . . .  . . . . , . I ( .  :..:: , ; .. , ,. - -. 
where: . .  , ,  . . , , , . ,  ; , ,  

. . . ,.. 
..... , . _ , (  4. ! I . '  Ll , : i  , , .  . , ' . I,. : . . 

. . . . . . . . . .  . . .  . , -'R,.;= _ - , Hydraul ic  , . .,. r a d i u s  . . . . . . . .  :value from--Step 4 ,  
i n  f e e t , ,  , . .  - 

., . , , . .  ,~.. , "., .. ~ ., , 
. .- ., , . , . ., , 

. .  > ' , .  1 .  . .  , ,  . . . , 

S = Channel bottom s lope ,  i n  f ee t / ' f&d t  
-. , . ,. . . . . .  . . . . . . . .  , , .  . . ,  , . . . '.. . . 

. , , .  . . . ~ 

, < :  
. . 

. , . . , ., . . < , 
, . . . . .  . , . . .  . ., . .... .. . . n fManning.!s .. n. va lue  a . s~umed .~ in  ., S, tep  3 

.... . . . . . .  ..... . ,  . ., , .  , . . . . . . . .  . . 
. . . . . . . . " .  

6. ze. , ' the, .  vR product  .,,. va lue  obta'ine,d.,-,in. step. .5 t o  
e bb ta ined  frbm ~ i s u r e  5-1 f o r  t h e  as'sumed - 

. . . . . .  n va lue  i n  S t e p  3. I f  t h e  v a l u e s  a r e n o t  reason-  
, .  , 

ab ly  close, r e t u r n  t o  S t e p  3 and': repea t : - the  cdlcu- 
,-us,ing,: a  new assumed: n ,value. , . . . . .  ,, ,, , , ,,., .".. , ~. 

. . .  . . , ...> ' . .  . :  . . .  - . 
, l i '  '.;il.:' 

.., . . 
, , 

. . .  . : , , - ,  , . . , - . . ,  & 
. . ,  , 

, . i a :  



... , . 7;: : Use,.the  final. Manning's n v a l u e  .from Step  6 t o  

c2 , ... ' . -  . . !  sel'ect , channe l ,d imens ions '  k h a t . g i v e  a  hydrau l i c  
. . ,  

r a d i u s  c l o s e  t o  t h e  f i n a l  valke"'!fi-om S t e p  6. For 
t r a p e z o i d a l  channe ls ,  t h e  flow depth can be 

.., . .  , 
es t imated  u s i n g . S i g u r e s  5-11 or 5-12. The depth 
of flow f o r  o t h e r  channel  s h a p e s  can be eva lua ted  
us ing  t h e  t r - i a l  and e r r o r  procedure, i n  
Sec t ion  5.3.3. .I.,. ;.J." 

: . . - , 8 . . , ' f f  be n d s  are"';consid~red,~c'alculate t h e  l eng th  of 
% I . '  

. . . .  ~ o ~ ~ n s t ~ e a m  .:p~oteci.io'i+, L , f o r  t h e  bend us ing  
F igure  5-16. Provide a d l i t i o n d l  p r o t e c t i o n ,  such 

. .  . , 
, . , . , ., ' a s  ' g r a v e l ' o r .  r i p r a p  i ' n  th'e bend and e x t e n d i n g  

downstream' ' f o r  ' l eng th ,  L . 
P  

Design Capacity 

, 1. - -Assume -a depth.-of ' 'flow ' g r e a t e r  than t h e  va lue  from 
S tep  7 above''and"compute t h e  waterway a r e a  and 
hydrau l i c  r a d i u s  [ s e e  F igure  5 - 2 ' f o r  e q u a t i o n s ) .  

~, ... . >~ , .,.. ,:. ... . ~ l  , , . .; I., ! . . ,, , . .:, . ..*!. '.. 

2. Divide . t h e  . des ign  flow r a t e ,  obta ined us ing  
.,:3 ',.> 

, .. . ,, --:: . . a p p r o p r i a t e "  procedux&'s'" from C h a p t e P 2 ,  by t h e  c waterway a r e a  from S t e p  1 loc i ty , .  .. ,. 
. . .. ,.:'.. 

3. 'Mul t ip ly  t h e  v e l o c i t y  from S t e p  2 by t he ,hydra ,u l i c  
.,., , 

. . ;.; , : ;  , , radibs. from Step. l..td,.findJ,ii~e.:u~Jd~ , . ~ : f . ~ . , ~ ~ .  : : 9 : ' , ;  

- .  . . ,  . , , . . . ) .  ,.. , , . ,  2 ' .  , . .. . . , . .  , , . . . , ,, i ! :  ' J ? !  , . 
, . .,, .,,!. 

. . . .A":; 4 .  ~ s e : ~ i ~ u ' r e  5-1- , t o  f ind. '  tl 'ManniigS s .n .value ' .  f d s '  re- 
. . . .  . . , , , .  , ,r. . . . .. t a rdance  . C l a s s  C "based '6n1~.the: vd v i i iueS . ' f r& 'Step 3. 

. , . ., ;,,;.:!,:-r. , :~ ' " , . , .  " ..  ' 

5. .Use Manning's Equation (Equation 5-2) o r  
. , ,p,igur= j-l:~:? +.ocfind.: ih&:"ei&2fp''"ii& the 
I\' 

hydrau l ic .  r a d i u s  from S t e p  1, Manning8 . . s n  , value  from :S tep . ,4 ,  ,sand appropj&te .bvdtto~:~slop$.. , 

, 

6. Compare t h e  velocity"values~'fron~~teps 2 and 5: 
I f  t h e  va lues  a r e  n o t  reasonably c l o s e ,  r e t u r n  t o  

.. , , :  . %.>, t ,~ 
Step  1 and r e p e a t  , t h e  ~ c a l c u l a t i o n s ' .  . '  

' ' ' 

, . 

7.  Add an a p p r o p r i a t e  freeboa.rd t o  tfie f i n a l  depth  
from S tep  6. ~ e n e r a l l y ,  20 pe rcen t  i s  adequate.  

. . . , .  ,.:.. , , _ . , ~  ,, , , i . . . , . ,  .. v .  , , . -. <:,:,,#',,a,,:, '.. , ,  . - . . 



8. , If. bends, are considered ,,: calculate., supert,~. a L ~ U I I  
' , .  

. , .  . of:; the. water.. surfiie: . , pr0,file. , . at, the bend using the 
. . . . . . . .  ... . . . . .  ' . ,,: . . 

. . . .  , . ~. . . . . .  . . 2.. s . ,  

v. T . , .  . . . . . . . . . . .  Ad = - (5-16) 
, gpc a :, . .  . . . .  ... 

. . . . . . .  , , , , 
~ . ' .  

% . .  ,:., ,,'i.,:,: , . . * , .  . . .  , .~ ; , >,;, '. 
. . . . .  where: .,.: , , . . . . , ~  ., . 

the water surface 
,bend, in feet 

, I ,.. , ,. . . 
. . . . . . . . . . . . . .  
locity from Step 6, in 

. .  . .,. feet/second.. . , . .  , . .  , '  , . . . 

I T = Top width of flow, in feet,: : : ... ............. -... 

, ,.? . . .  " . . . . . . . .  . . . . . .  . , ,, * ,  
' I . L . ' . , . _ I ~  , 

R ' = Mean radius of the bend, in feet 
C 

I.. . . .  . . ^ .. , : :. .*..i.. . , .  ...... i ,  . . . . . . . . . . . . . . . . .  . . . .  . . . . . .  
Add ,freeboard. consistent with :the, ,calculated Ad. . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . .  , > 

. . ,  .......... . . . . .  .: . ,,. , . ~ . .  i '  " ' " '  . , , . ' , ; !.+ , , ,; I .  , . . I , . ,  . . 
5 . 3 . 6 -  RIPRAP DESIGN 

0 
, . . . .  ' , . .' : .. . . . . . . . . . . .  ? , . < .  ~. 

The . follcwinglerocedure, _%. , , ,  ., is . based, ,onLreiults . . . . . .  ;and analysis of 
laboratory and firid data i~aknd;d, 1987; Reese, 1984; 

. .  .- . . . .  Reese ,, 19 ., 88) . _ .This. . , : , "  
procedure ,applies to ,riprap placement in 

. , : , .  both . ; ; ' ,  nitufal: . , and . .priskati~,~hannels, ,and 'has the following 
.aSsumptions and limitations: 

, , , , , .  , . . . . , ' ,;, ' . .  $2 , , :  , . '  .- . ,  . . '  . ,  . I .  , . .  

rap . . . .  -thicknes,s, equal to d . . . .  

. . . . . . . . .  . . / .  

100' 
. ". . . 

. .; . . , .  >, ~ 

o£,d d . less than 4.6.: 
. . - 8 5 , .  15 ~' . . . . . . . . .  

. . 3.. Froude number less than 1.2. ~ - . , . .  , : <'. . . .  , . . . . . . .  . I:. . . . . . . . . .  
, . . , ~ ,  . . . , ,,:., .... .r .". ,:,; - ' ,  , a , -  . 

4. Side ...C.:i.,. ilopes , . . , 2 .  up . L to; 2: l.., . . . . . . . . . .  , . . . .  ' , ;  . .  

5. . .A safety factor of .1.,2.' , ,  . 
, .. < ,  r . . .  I*. . . . . .  ' ............. +? . . . . . . . . . .  

. ., . " . , ., . . .  IJ ,-' L. . . ; . ; ; : : 3 ~ > * . .  i$,,:: :.' ... 
6.. - ~aximurn ,velocity' less than 18 feet'' per second. 



I f  s i g n i f i c a n t  tu rbu lence  i s  caused by boundary . i r regula r1-  

C t i e s ,  such a s  i n s t a l l a t i o n s  near  o b s t r u c t i o n s  o r  s t r u c t u r e s ,  
t h i s  procedure is :not app l i cab le .  .. 

8 ,. 
. . ,,.: . '  .. , ,,, : .* ;; .. '  , ,  , 

' .  ' I  

1 .,:, . ~ e t e r m i n e  t h e  ~average. ; . tveloci ty  i n  t h e  main channel  
f o r  t h e  des ign  cond i t i on .  Use t h e  h ighe r  va lue  of 

. . :. . ;veloci*, caXcu1ated bo th - -  wi th  and without  r i p r a p  
i n  p l a c e  ( t h i s  may- requ i r e  i t e r a t i o n  us ing pro- 

, . !; ~. ; I  ~ '~cedures .  ,in.:-Section .;5 . -3 .3 . )  .:. Manning 's n v a l u e s  f o r  - 
~ , .. , , . . .  

r i p r a p  can. ;be.rcalculated from t h e  equat ion:  

where : . . . . . , ., . ,  : 
. . , . , . "  ,. , 

. < 

n = Manning's roughness c o e f f i c i e n t  f o r  

., ,.,; ' , <  
I , ,  . , . # , , . ,: - ; : . . 7 . . : P. : . . - . , : . . _ .  , 

d50: =,:Diameter o f .  s t o n e ,  f o r  .which 
: a L : ' . ,  j . : .  . , .., ,,... 3 , .2,.. ., , , 

, j : : , ?  . . .  50.  percent,,,,,?by, w e i g h t ,  p f  t h e  . ;. . . I  ,: . , 4 , , < ~ 2  r, . :, , ; , , *  ' .  
i , : .  . , < "  

g,radati'd; , i s  ; f  i r ier  , ':in', if e e t  
. . .  . ' \ > '  L . . 2 : : * . .  ' 2 . , . .. , . I \ . .  . .. . 

C ;;!:.:> f ,2=;:: , ..:+,;. 3, . .  ; ::., , ,' .. .: :.; :7 ' . ' 1 ;  ' ,. . ock is  t o  be placZa a t  t h e , o u t s i d e  of a  bend, 
.*j: , . . I  . .,i,.?<.! Ld,., ' ,  , . ,  ,,. ,..<a ;:. h* t > 

multipl 'y t h e  v;3'loc'ity.diif&rmined i n " S t e p  1 by t h e  
3 "  . .. ,.,L,,. ;i: ..' ' ,,; ;:. .,:*,.* , .?>.,, ': ,. . , :  

bend ~co~rect ion"coef f~c ien~;  C ,, giyen-  i n  
.,;l'J :g;;,. 

: ., . ~ . ~ ' .  , .. .., ' .. b, ., ..;..; :. .>*. 
. ~ 2 6 " ~ ~  5 - 1 7  for  +i thek"a 'n=tural ,  o r  prismatic 

; :,< . , .  ,. . , 

channel .  This  r e q u i r e s  determlning'Fii 'e channel  
t o p  width,  T I  j u s t  upstream from t h e  bend and t h e  
c e n t e r l i n e  bend r a d i u s ,  

t . ,  r . . *: ,.,, i' ,. Rb' :, 

3 .  I f  t h e  s p e c i f i c  weight o f  t h e  s tone  v a r i e s  from 
165 pounds pe r  c u b i c  f o o t ,  rnu l t ip ly ' t ' he  v e l o c i t y  
from S t e p  1 o r  2 ( a s  a p p r o p r i a t e )  by t h e  s p e c i f i c  

,weight '  ' co r r ec t ion  coef  f i d i e n t ,  C , from 
~ i g u r e  5-18. -g 

: > : ! 2 ; , , ' ! > ? > . L , . ,  :. -., ,,:.. ' , :  . 
4.  Determine t h e  r equ i r ed  minimum d  va lue  from 

2 O. ,. . . .. . : ,Figure 5-19,!~*which i s  .based on t e  equa t ion :  
; ,<,> ,. , -, ,! .,,., t", , - ' . , . 



. . . .  . . , 
L . .  . . .  . :where: , . . .  . 

, . 
, , . , .  . , .. , .  . 

,~ . ,  
d = Diameter, o f  s t o n e  f o r , w h i c h  

3  0  30 p e r c e n t ,  by weight ,  of  t h e  
, . c t  v..:, , . . I .  ~. . . ' , g r a d a t i o n  . i s  f i n e r  ,.-sin f e e t  

. . . . , .  ..... :;: :*:!. : .  , :., , ,  , , .  . ") I . ~, , , 

, . 
, / I ^  I , .  , .. ,: , , . . % . .  , .  ~ . , ,  . '  : D. =, Depth ~ f ' ~ f l . o w  above s t o n e ,  i n  f e e t  

. . , ,  . . .  . . . .  , . ' , . , .  I ,,. -:, , . "-,yJL; *,; , , .  . , ' ~ .  . . . -. 
' , F r .  = Froude number (see ' , .Equat ion 5-13) , 

... 1 ' d i m e n s : i o n l e s s  3 . .  . . .  

v = Mean v e l o c i t y  above t h e  s t o n e  i n  
f e e t / s e c o n d  

g  = A c c e l e r a t i o n  o f  g r a v i t y ,  32.2 f e e t /  

. . . . . .  . , 
second2 

. . . . . . . . .  , , : j .  . , .  . ~, 
. ~. 

,,. , , I  

5. Determine a v a i l a b l e '  r i p r a p  g r a d a t i o n s .  A w e l l  
,,; 
Vi 

graded  r i p r a p  i s  p r e f e r a b l e , t o  uniform s i z e  o r  gap 
' ~ '  . . ' 

. ,  graded .  '  he' diamet'er4.'of t h e  l a r g e s t  s t o n e ,  
, A ; . .  ' 

.. , .! , . d l O O '  ,shou'ld ~ ' ~ o t ' b e ' ' ~ b r ; r ' " , t h ~ n  1 . 5  times t h e  d  s i z e .  
I e , , . , : . , j i  ..... 5 0  

' ~ i a n k e t " i h i c k n e s s  should  b e  g r e a t e r  than  or e q u a l  

. . . . ,.% . . , . ,  . ,  

W = '0.5236 -( ' d3 
,- . . S 

. , , , . . . . . .  . . .  i , l !>r  . . . . . . .  5 , .  . . . . . .  . , . ,  . .  . . .  , . . , . . , . , . . 
 where:^, . , .  

. 
. . .  .~. . , , ,  , . I  , . . , , .  ... . . . , 

, . . . . . . . .  . . .  . . . . . . :  :. 1 .  i . . :  . . . ~ ,  : _ .  ,. . $ !  . ,  . . , ., - 
.. . .  . W  ,,.. $ = ,  , Stone  . weigh t ,  i n  :pq"nds. 

~ , .  , . . . . .  

d = S e l e c t e d  a t o n e  d i a m e t e r ,  i n  f e e t  
, ; . . . . . . . . .  . . . . . . . . . : . . .  ,! . .  / :_ . ,;., > . . . . . . . . . .  , . .  .., 

. . 
, . y : : := , : ;Specif ic 'weight  of. .s.tone, i n  

S pounds/cubic  f o o t  

*': F i l t e r  f a d r i c  o r  a f i l t e r  s t o n e  l a y e r  should  be 
used t o  p reven t  t u r b u l e n c e  o r  groundwater seepage 
from removing bank m a t e r i a l  th rough  t h e  s t o n e  o r  
t o  s e r v e  a s  a  founda t ion  f o r  unconso l ida t ed  



m a t e r i a l .  Layer t h i c k n e s s  should be i n c ~  
.. . , ,  

. * .  50 pekcent  - f o r : u n d e r w a t e r -  placement.  
. . . . . . . . . .  P A : . . . .  . .  ., - - 

. . 
. . 

b' 

6.  I f  d g 5 / d 1 5  1s between 2,. 0 and 2 .3  and a  s m a l l e r  
,., . , , 

. ' d ' s l z e  1s. d e s i r e d ,  " a .  t h i c k n e s s  g r e a t e r  - t han  d 
30 

can b e  used t o  o f f s e t  t h e  s m a l l e r  d  s i z e .  100 
. . . .  . . . . . . .  . . , . . . .  3 0 ~ k $ u r e  '5-20, can . b e , - u s e a ' t o - ' h a k e  an' 'approximate 

ad j ,,tmsnt .."sinb t h &  'Lof - a  
3 0  

s i z e s .  E n t e r  

, . . . . . . . . . . .  , ,2 ,... t h e  :: . . . .  y-axis  .i i . . . . . . . . .  w i t h  t h e  r . a t i o , o f  t h e  d e s i r e d  d  s i z e  
. ., . . ,,, , 

.., ,, .,.,: . . : t t o  t h e  . s t i n ~ ? a r d ~ . d ~ ~ :  . . . . . . . . . . .  s,fze;a&Y:f.ind t h e  t h i c  n e s s  
r a t i o i n c r e a s e  on t h e  x-ax is .  ..,Other minor 

2 O 
. .  

g r a d a t i o n  d e f i c i e n c i e s  may be compensated f o r  by 
i n c r e a s i n g  . ,  . *  t h e  ~ ,. s tone. ,  ,.,.. b1,anket.  . t h i c k n e s s .  .: . !. . , 

.-.... . . . . . .  . . . . . . . . . . . .  , ,  . . . .  . . . . . . . . . . . . . . . .  ...... . . . . . .  . . . . . . . .  - 

7.. *.  - ..Perform .p re l imina ry  , d e s i g n ,  e n s u r i n g  t h a t  adequa te  
, . 

, ,  , , : .. . . . .  , . t r a n s i t i o n  is ' p r o ~ i ' d e d ' , . t o  . : n a t u r a l  .,. m a t e r i a l s  bo th  

. . .  up, a n d .  downstream t o  ,:avoid f l i n k i n g  ,:and..;th& , , toe  . , . _ :., 1 ;, . 

p r o t e c t i o n  . . .  i s  ,provided..:to" , . avo id  r iprap. ,"ndermining.  

i' 5,. 3 ,..: 7 EXAMPLE PROBLEMS . . ) .  . , 
. . .  , ,  . ' . ,  . I j., 

- ,  
.."~i> ., , , . 3  . . .  / % .  . : , . I  ' 

, ,  . , . ,.. ', !., , , 

~ x a m p l e  5-1. ~ i r e c t  s o i i t i o n  .,of Manning's Equat ion 

'P 
L . U.se,blanning' s :Equat ion . t o  f i n d -  t h e  f u l l  flow. c a p a c i t y ,  Q,  o f  

a  48-inch i n s i d e  d i ame te r ,  c i r c u l a r .  c o h c r e t e  ' p i p e  s torm 
sewer wi th  an n  v a l u e  o f  0.012 and s l o p e  o f  0.006 foo t / . foo t .  

. 

1. So lve  u s i n g  P a r t  B of  F i g u r e  5-10. 
, . , .,. , I _ .  - . , . . . .  ' ,  I .'. . . .  ' ,  . , . ,  ., . . . 

a. Connect a  l i n e  between t h e . s l o p e  s c a l e  a t  
0 . 0 0 6  and t h e ,  roughness  s c a l e  a t  0.012 and 
n o t e  t h e  i n t e r s e c t i o n  p o i n t  on t h e  t u r n i n g  

. . 
. , . . .  . .  .,,.i . . . .  1 ~ ,  . ; ,line; ,' .: , . .., .*:. . 

, .  , 

b .  connkct, ' .a , . l i 'ne.  b&tween t h a t  i n t e r s e c t i o n  
p o i n t  and t K p i p e  d iame te r  s c a l e  a t  

. . 48  i n c h e s  and r ead  t h e  p i p e  c a p a c i t y  o f  . . . .  ...L,r?;: . . . . . .  . , , , . fs' : ,:  . ., .. . . 
, , 0.: 7 

is=harGe s d a l e .  
, :  , . . , , . . . . . . . . .  . . .  ! .  . $ , > . . ' I  

2.  So lve  u s i n g  Table  5-6. 

C 



, ,  . . .  , . . . . .  . . . .  . . 

a. . Look; under ,  t h e  column n = :0..012 , , for  a 48-inch . . , , ,  , .., , 

diameter  p ipe  and f i n d  C, = 1556. 0. 

. . .  
.,: d .  'use  able 5-6 t o  f i n d  A ' =  :.$2.566 square  f e e t .  . . . .  

, ,, S.ince '.Q = W , V  = 121?12,:56'6:'=9.6 f e e t /  
. . . . . . . . .  , . . ,  ' : . ,  second;: ' , .  . . .  / C 2 ' .  . ,  . . . , . , ,  " 

. . ,. . . . . . .  , . . . 
, ,  . ..... ' : .:, . "  , .  , ,  

: ,  . . , , , - i ., . ~ .  , . 
. , .  

Example 5-2.. ~ r a s s e d  Channel Design ~ t a b i l i ' t y  

- -  - ~ ~ ~ ~ ' ' t r a ~ e z o i d a l .  channel  . i s /  requ.ir=d . to :  -ca r ry '  50 .cfs a t  a 
'9 .  bot tom s l o p e  of: '  0 . 0 1 5 ~ f o o t / f o o t .  Find- t h e  :cha'nnel dimen- 
. . 

. s i o n s . r e q u i r e d  ' t o  comply, wi th  des ign .  s t a b i 1 i G : c r i t e r i a  
, , ,  , .  - ( r e t a r d a n c e : ~ l a & s  D ) >  f o r ,  a ' g r a s s '  mix ture .  ' "  .. 

, 
,, , 1. From Table 5-2, t h e  maximum . v e f  oci.ty.l::v::. , f o r '  a 

g r a s s  mixture  wi th  a bottom s l o p e  less Fhan 
~. , . , . .. . . . . . . . . .  - . . .  , . 5 . , . ,percent~. . i .s ,  . . . . . .  :4 ,, fee.tdsecond . -,:, '.,., ..: , . , ....... ...... ..,, r... .... ,, 

, 
h 

. . : 2,. . Assume an,. n va lue  ;of 0.035 -and .:find t h e  vaiue.;.of 
, . . . 

* , , . 1 , ,  . _ .  
V 

. . . . . . .  . . . . . . . . . . . . .  . . . . .  , . vR from.~igure:-5-1.  ' .  , .  

. . . . . . . . .  , , ,. 
, , . . ( ,  . ; .  

I " '  . ' 

VR = 5.4 
. . . . . . . . .  , ,  , , , . , . . '  ' ,  

, .  , . .  . . ,  , . 
, ' .  ,,jl 

3. Use Equation 5-14 t o  c a l c u l a t e  t h e  va lue  of R.  
. . , . . . . . . . . .  ,, . , . , 

, ., . . . . .  > .  ;'4,' 
. .  . . R = - = 1. :35, ,geet~.  , , 4 . ,  . 

. ,., , , 
. ., 

. . .  . . .  . , ,., . . . .  . . 
4. Use ~ q u a t i o i i  5-15 t o  ca lcu la te , !  !the. va lue  of vR. 

. , ? .. . . 
,, , ,. , 

5. . s ince . the  "R v&e <:I . .  c i lcu , la+  , ( i n  S t e p  4 i s  h ighe r  
' t h a n  t h k ' l ~ l u ~ " ' o 6 t a i r i e ~  frbm s t e p  2, a h igher  n 

. va lue  . . . . . . . .  .As r equ i r ed  . ,. , and . .ca , lcu. la t ions  ,.,., , a r e  repea ted .  
The r e s h l ~ s ' f r o m  ( - I  .... ,i 7 1 , , 9  each t r i a l ,  o f , , , c . a l cu i a t i ons  , ..-:.. ,. a r e  

, . 
presen ted  ' below,: 

.- . ,. . , ,  . . . 

0 



1 
, , ,  

, . 
j Assumed vR R "' V R  

I ,  
n Value i n (Figure 5-11 (Equation 5-14) (Equation 5-15) 

: i.-; .... ,.< - . . . . . . .  

0.035 
0.038 

i 0.039 
i 
! 0.040 

..,. . , . ,  . . 

1 S e l e c t  n = 0. 
i 

~, <. ,: ., ,, r; 2; .: , . 
6. ' Use F i g u r e  5-11 t o  select c h a n n e l  d k e n s i o n s f o r  a 

t r a p e z o i d a l  s h a p e  w i t h  . , .  3z.l , s i d e  s l o p e s .  
: ) . . _  / ,  , . . . . . .  . . . . . .  3. 

, . Qn = ( 5 0 )  (0.040) = 2.0 , 
, . .  

! 
I 

S = 0.015 . . .  I 
. . . . . .  . . . .  

1 Try  b = 8 f e e t ,  d = ( 8 )  (0.14), = ,1."12 f e e t  
I S i n c e  R = 0.844 f o d t '  dn'd a vaiu'k o f  o'.80 f o o t  I 
i ,* i s  r e q u i r e d ,  b must . b e , i n c q e a s e d .  

, , . . . . . .  , . , . , ,  , 
., , .  

I 
I 

.. , , 
Try  b = 10 fee t" ,  d = (101, (0 .098)  .= 0.98 f o o t  

7 .  ' L., , , ,: .. "LJ"".', ". :. ' ,gin=. .R ': &. ' ,o. j9~':fbbt,.'. c&h?!el G;omet.i~y is . . . . .  . . . . . . . .  *:, :,;,., q,::,. L,, , .  :;<: ' : ,  :i ", 'a':; ., '< ' . :, . . 
- , adequa te . ' "  . , 

S e l e c t :  b = 10 f e e t  

. . .  ... 2 = 3 . . :.. . . ' ;:.. . . "  a";, . . , > .  : .,,i, , 

, . . ,~ ,. 
1 , .  ,, ' , ., ~. ,. ~. .,. . : 

v"=" 3:9 f e e t / s e c o h d   quati ti on 5-2) ~ 

F r  = 0.76 ( E q u a t i o n  5 -13) .  , 
: , & i s  - . , .  3'. , . 

Flow i s  s u b c r i t i c a l  

. : 3 ;, . . , ., '. ,. . ., . ,. ,be;:ign ~kpacity":'calculat'iOns5 f o r  t h i s  c h a n n e l  a r e  
.%.. \.. r ,  ::.?..jL . . ' . . . . . . . . . . .  ? ' V ' .  

. . . . . . .  ;;,:, . . 
. . . . 

hi,* : ...,, r :  .;., -' .. ,.% . ....I .:? . . . . . . . . . . . .  ~ ~ ~ ~ ~ ~ i & '  5-3 G a h e d  Chennei  D ~ ~ T & '  capiclti' . 

Use a f 0 - ~ 6 o ~ b o t t o m  wi3th': 'fbr t h e  t r a p e z o i d a l  c h a n n e l  s i z e d  
. ,  . . : : > : * . '  ... T.<,,%.. ,<,' ..: 
. ' in' ~ x a m p l e " 5 - 2  . . and f i n d  t h & .  d e p t h  'of flow'"f6r ., . r e t a r d a n c e  

..... . ..? , ti". .< li > < ' i b  , , :., , . , , .: 2> . . .  . ... . ............ . .  -1: .".- ': . .c,~:~~~ .'.(3... . .  ',*, . . .  .. ,, . .  + , . . ~ . , ,  . ,~ "... 

. . 
.< 0. _ : . . >. !" 8 , .  i ' .  

, . 1. - ~ 2 i u m e " : h  d e p t h  ::;f'' 1.0 'foot' and : c a l c u l a t e  the.  * '  -. ., . i . , . , ?  ~. , . L..“.... '*. 6"fb ; l lowing  (see ; ~ i g " ~ ~ .  5-3) : .,,  , . .  '. . . I .  . '  Lj C ,  ..) , i  , , 7 ! :  , .. , # r , '  . - ,  , . 
. . .  *., , ? .  ,* *+ ( . . . .  , , C . , . & ~ =  ( b ' : + . z d )  d , , 



A = [ l o  + ( 3 )  (1) ] ( I )  , .  

. . , , 

. . , .  . ' . . A  =:1 .3 .0 . .  . s q u a r e  f e e t  " ' .. 

.... , ' . .  . 
, 3  ' Find  t h $  v a l u e  o f  ,vR.' , . 

' .  . . 2 :  , :, ,~ , . . I. , . , . : . , '  , . .. 
,% 
.":< L ,  . . 

G ~ ' = " ) ' ( o . )  "= ' L o 6  

. , ,  . . , .  . ;'.,; ,! 
. . : 4 .  ' using.  ' t h e '  "R. @ro&t - from ,S tep ,  $, "find .Manning1 s n  

,,;. 7 ,  I 1. i, ,, , , ,  , I' . ' 
... " ' '... ',f&,m. plgure 5-1 fdr rkt&-d%&<: c l a s s  c . 

, , c7 ,~ ,>..: 0 

5. Use. F i g u r e  5-11 o r  . , ~ ~ u a t i o n ,  i. . , 5-2 t o  f i n d  t h e  

. . I . . . .' v e l o c i t y  , - , ' . f o r S  . .  . , ., , = . , . ,  ... 0.015, . .R . , . . ,  .. ,,. 
= , 0 . 7 9 6 ,  and  n  = 0.047. 

.. . , , . , , . ~ .  , . . r. . .. 
v ="3.3 4 f e e t z s e c o n d  , . > . '  . . ~ .  , . ,  <,,, .,. . , , 

6. , S i n c e  3 . 3 4 . f e e t 4 s e c o n d . , i s  less t h a n  3 .85  f e e t /  
. . .,! ,&,. , .,,>,... ,. . ,  ... : - ,  ~ . -  .. 

:. .< second ,  a , ' h i g h k r " ' d e b t h  i s  r e q u i r e d  a n d  . ,  ..:,l:h,L. , t;,:. :. . : 2 . , ! : .  . . , L . 4 z i  

c a l c u l a t i o n s  are r e p e a t e d .  , R e s u l t s  from e a c h  
t r i a l  o f ,  c a l c u l  

. , , .  .. . 

. , Velocity . ,  Manning's ., . 
. , , , ,. LC!,. .i.,; :,,, ..' ,::<. f.;.:..', .:L...i L , . '  ., ..r, . 'dssum.$. .  ria . ,  R '  Q/A, , , .  . .,n . . ,.Velocity 

' .,,,(..,. . . ,  " ..- p . .  . .  . " 9 ?i.i;.. :.. 
DeptK (ft) (it.) (ft) (ftjkec) . - VR (Pig. 5-11 ...- ,(~q. . 5 - 2 )  



. . 7 .  Sel 'ect  a :  d e p t h  o f . - l  :l: .with:an n -va lue  o f  0.048 f o r  

r? . ,. d e s i g n  : c a p a c i t y  r equ i remen t s . .  A d d ' a t  l e a s t  
b 0.2 f o o t  f o r  f r e e b o a r d ~ t o ' . , g i v e  'a,.d'esf.gn d e p t h  o f  

1 .3  f e e t .  Design d a t a  f o r  t h e  t r a p e z o i d a l  c h a n n e l  
- a r e  -summarized as f a l l o w s :  . -A,!:-., is ;$!:::+ ;, +,., 
. . . . . ,. .. .., . . . 

", , / .  ., .: ,, : , . i ' , , ' . . , i  
, . ,: .I ., . ,  4 

.,. ,.:, 
~ " , .  ~ - ., . , ,.., . . ..,. ,. .--..- . . ...__L ._ _,_.. 

" . .. .. 
v e g e t a t i o n - l i n i n g  = , , , g ra s s  m i x t u r e ,  v = 4 f e e t /  

-, .. , . .., . , . , :  ., . . . . . .  i , . ,. 
second m '++- 

4 . .  . , 
. . . . 

Q = 50 c f s  

, , . , . . ,  , .. , .. . 
. , b- = 10 f e e t ,  d = 1 . 3  ' f e z t ,  z ' =  3, S = 0.015 

. . 
TOP' w id th  = , ( l o )  . . .., . 2 3 ' 1 . 3 . =  .. . . , .  . , .  1 7 . 8  f e e t ,  

.. . 

n ( s t a b i l i t y )  = 0.040, d = 1.0  f o o t ,  v = 3.9 f e e t /  
second,  Froude number = 0.76 (Equa t ion  5-13) 

. . 

n ( c a p a c i t y )  = 0:;048, d =, 1.1 f e e t ,  .,,, = ,3,.45 . f e e t /  
8 s e cond ,  . , .  . Froude number . , . . = 0,.64 . ( ~ ~ " a t i d n ~ 5 - 1 3 )  . . ' ' 

, , ,  . . , . .... ,. , . . . .. . . "  . _ .  ,,,, ~ .., . . .  . . . 

Example 5-4. Grassed  Channel  V e g e t a t i o n  compar i son  
. , . . 

V,,' . :I.' . i. c '$ ' ; r a p e z o i i a l  channe ' i  i s  r e q u i r e d  . &"'car ry  :. . :'97 c f s . a t  L,. .. a 
bdt tom slo'pe o f  0'.0275 f o o t / , f o o t . .  . compare  ' channel  . ~ 

. . . .  
'$iimensi6nb r e q u i r e d '  f o r  a Gass m i x t u r e  and berm"dagrass.  

, .. 
1. . D e s i g n ' s t a b i l i t y  c a l c u l a t i o n s  ' f o r a  g r a s s  m i x t u r e  

a r e s u m m a r i z e d  below: ,.. . 
- , ,  ,.- . . ,, . . ,  . < " ,  , .  . . , , .  

. ,. . .  . ~ 

v = 4 f e e t / s e c o n d  ( f rom T a b l e  5-2) 
m 

. . , ' .,. . .., , . , . 
Assumed vR R ' - vR 

, .. , 
n Value ( F i g .  5-11 

. , >  
(Eq. 5-14) . (Eq. 5-15) . ,., . . 

~. . 
. 'sele=t . n =  ' 0 . 0 4 3  for s t a b i l i t y  c r i t e r i a . .  



2. . To obtain ,.a. hydraulic depth of -0.6 foot, cl JY-root 

, .. bottom , , width,;is required. Depth calculations are 
. . summarized ;as. fo1.low.s : . . , .. . . . ,  < , , 

. ., . . 

0 
. . . . . . . .  \ , . ,  ,,, . :,.,, . ,  

" 
' Q" 

Assumed Area . . . . . . . .  R .  ..... . . , .  , v 
0.5 

Depth ( f t )  ( f t z )  - ( f t )  - '2i3 1.4% AR - ( f t / s e c )  
, . . , .  

0.40. '16.08 '0.387 8.54' 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 

I . . Find normal depth = P.60 . . . . . . . .  foot, =.3.96 feet/second > , , ,  .... , .  , - ;.,'>. , ., . ,. . 

3. , Design capacity.calculations for the.,grass ~.. , mixture 
Q're .stmmarized' as. follows: 

. ,  . . . 
., ~ .. . . 

, : Retardance Class '= C . ,  , ' . ,  
. , .  . ' L '  ' .  

, ~ .  
I . : ;.,. . 

. . . . .  . . . . . .  v e l o c i t y  , . . , 
, , , .  - 

. . . . . .  'i$. " '~ssume'd,  . . .  ~ r e a '  ' .  R . , $ '  Q/A ' . ,  . . . . . . . . . .  n v 
a: , , _ , : ,  

Oepth ' ( f t )  ' .  ( f t a )  ' (ft) -- ( c f s )  vR F i g  1 ( f t / s e c )  - 

Select n = 0.054,,.and d ,= 0.69 foot. ... 
. . . . . . .  

I , ', , ::, ~., . . - ; . . :.. . . . .  , . > . , .  I 
. . . . . .  , , I ,  

4. Design stability calculations' 'for bermudagrass are : 
summarized, below: . . % .  . . . . . . .  , . ,  ,. ,  . ,  ., , , ,. . 
v = 6 feet/second, (from Table 5-Z)., . ,  

m . , . . . ,  .. , . , .  , 

I Retardance Class = D 
, . , . . . ' , ,  

..*ssumed -. , . ~  .. R . I  . " .. 
. . . . . . . .  . . .  . VR VR 
' , n Value : ,. , (Fig 5-1) , . (Eq 5-14) , ' (Eq 5-15) 

i : : .  . !  , . ,  

. ,. , , 
, . 

,. . . ,. . , 0.035 , ,  5.4 0.90 
, 

5 .'92 
i: 0.036 .' 4.8 0.80,:' . , 4.73 . ,, . .  

t: I 
I .  - 

I Select,n:,.;0.036, for stability criteria. " . 
; . <  . - .  . i . . .  . . 

j.... 
, . .  ' 8 "8  I . , .  . .  



5. To o b t a i n  a  hydraul ic , .depth: .of .  0:8..foot,..:a.:115-foot 
bottom width i s ' r e q u i r e d .  De 

. . . . . . .  a s . f o ~ ~ ' o ' w s ' : ' : . .  :.- . . : I  , ,  . . . . . .  .I > ' .,;. ' 
., . 

~ - . . ,  . ,  : .,. . . , , . . I . , .  ,,,: . .  . . .  <. .'= 

. . . :  . . . . . . . . . . . . . . . . . .  16.54, . 0.792 . 1.17 , , : 14,13 , . ,  . . .  5 . 6 8  

i I . . .  .: < . : ' 3  . ; 2, : . . . . . . . . .  , , :  . , ..,..:, , c,,.":,:' 
nd' n o r m a l d e p t h  = 0.93 f o o t , .  vr,7: ,5?88 ........ 

fee t / second .  
" .  :..,, .. . . .  . . I  ,.:. :.. ; 7'' 

., . 6 , nksi&; . capac i ty  c a l c u l a t i o n s  f o r  ,ber,muda&ass . . , ,:. , .. 

, . u s i n g ' r e t a r d a n d e . c l a s s  . . . . .  . ,  , . . . . . . . . . . . . . .  . . C a r e  . . summarized ., .~ . . a s  
' fdi lows:  . . . . . .  . . . . .  . . . .  . . .  , , ' .  . 

. . .  , . . . ,,. . '> 

. ~ , , .~ . . ,  .Velocity. . , , . . ,  . . . . ., .. ,, , . . ,! . ̂ 8 

Assumed:: 'Area . . ,~ . R . . . .  * . . . . . . . . . . . . . .  . , :  . . . . .  n V 

Depth' (ft),. (fta) ift) : :  (cfsj' vR ,(Fig. 5-1) (ft/sec) - , ;  

, , . . . , ~ , <  . . . . . . . . . . . .  - :  , .  . ,, . ,; : '>.!, 

?> , : , . 
' k e ' l e c t  , I  n = . . . . . . . .  '0.0'42 . . I and . ,  d ; =  . , .l,702.,.f.ee.t. . . . ,  ~, . 

. . .  . . . . . . .  , . .  I . . ,  3:. :;., ., ',.< ,. 

7. ' v e g e t a t i v e  l i ' n ings  a r e  compared a s  fol lows:  

.<., ,.,. ; : ' . ?  . '  

' ' 'Bottom: ; : , .  . . . . . . . . . .  w i d t h ,  
S i d e  s l o  e . . . .  . . .  . ! .. . . p  t ,  

. . , n : ' ( s t a b i ~ i t y )  . ; ' , 
d ( s t a b i l i t y ) '  
v  ( s t a b i l i t y )  
F r  ( s t a b i l i r y )  . . . .  

L.1  *... -.>,,. . . . . r i .  ...... 
"' n . . . . . . . . . . .  ' ( c a ~ a c i t ~ ) - :  .. 

3 .  , .  $:.. i . . i  

.d ( c a p a c i t y ) : .  , . . . . . . . . .  . . . . .  i . t i , ,  . . . .  
. . . .  

. r>:.i.' , v . , (capaci ty , ) .  . . . . . . . . . . . . . . . . . . . . . . . .  : . ,  
F r  ( c a p a c i t y )  ' ' 

v 
' 4 '  .. . ' I , .  ' . , .  

I :: 
Graps , 

I % :  . -  , .  . . 
Mixture , ,  , Bermudagrass 
39 .,."',>i. ' ; . ,  , , .  . i 15 
., .. 

.. , I,. :. ( . .  TO^ width (w/freeboard)  44.0 



, Example 5-5. R i p r a p  Design 
. . . . . , . , .. ' .  . .  . . . ,  .. . . . . , . : .  . ( . . '  ' . > ,  .. 

A n a t u r a l  c h a n n e l  h a s  an  a v e r a g e  bankful l . .  c h a n n e l  v e l o c i t y  
o f  8 f e e t  p e r  second w i t h  a  t o p  w i d t h  o f  20 f e e t  and a  bend 
r a d i u s  o f  50 f e e t .  The d e p t h  o v e r  t h e  t o e  o f  the. . ,out ,er  bank 

. # .  i s . 5  . f e e t . .  A v a i l a b l e  - s t o n e  we igh t  i s  170 pounds p e r  c u b i c  

. . 
f o o t .  s tone ' . -placement  ' i s  on a s i d e  s l o p e  o f  2 i 1  

~ ( h b r i z o n t a 1 : v e r t i c a l ) .  , . 
, T 

., . , 1. .Use 8  f e e t  p e r  s e c o n d  as t h e  d e s i g n  v e l o r i t y ,  
because  t h e  r e a c h  i s  s h o r t  and t h e , b e n d  i s  n o t  

., , .  . , , , , . ~ 

., ' ..prote&ed; -". - . . .. 
.. . . , .~ , 

2. Determine  t h e  b e n d c o r r e c t i o n  c o e f f i c i e n t  f o r  t h e  
, . 

,.: i a t i o . ' o f  .. . .  R ' /T.,=.50[20 = 2.5.'; From F i g u r e  '5-17, C 
: '= ,1.'55." ~iRi a d j u s h e d '  e f  f e c t i l e ,  v e i o c i t y  i s  b  

( 8 )  (1 .55)  = 12.4 feet  p e r  second:' 

3. Determine  t h e  c o r r e c t i o n  c o e f f i c i e n t  f o r  t h e  
s p e c i f i c  w e i g h t  of 170 pounds from F i g u r e  5-18 a s  

, 
, . 0.98. The a d j u s t e d  e f f e c t i v e  v e l o c i t y ' l s  , . 

. . . . , .  ,. " . ~  ...., . (12.'-4) (0'. 98)  = 1:2..15 f e e t  per- second,: . . ' 

,... , ,  . 4. ' ~ e t e r m i n e  mininlum d  ' from F i g u r e  5-19 or 
3 0  . 'Equat ion '5-18  a s  a b o u t  10  inches ' ;  

. , .  . ., . .  . . . . . , . 

5.  An a v a i l a b l e  g r a d a t i o n , h a s  a  minimum,d , . , .  s i z e  o f  
3 0  

12 ' i i c h e s  And i s '  a c c e p t a b l e .  I t  ' h a s  ' enough f i n e s  

. . 
. t h a t  a f i l t e r  . , c o u r s e  w i l l  n o t  , be  r e q u i r e d . .  

, , , , .  ~ . . . . ,  . . , 
, . , . , , .  

6. (Opt ional ) . -Another  g r a d a t i o n  i s  a v a i l a b l e  w i t h  a  
d  o f  8 i n c h e s .  The r a t i o  o f  d e s i r e d  t o  s t a n d a r d  

. - -  , , : :  - s$8ne  s i z e  . i i , 8 / l o  o r  0.8. From F i g u r e  5-20, t h i s  
: ' woula b e  a c c e p t a b l e - i f  t h e '  b l a n k e t  

,. '. t h i c k n e s s  i n c r e a s e d  from t h e ' b r i g i n a l  d  
. . . . t h i c k n e s s  b"y 35 p e r c e n t  ( a  r a t i b  ,. o f  ' 1.35  . . ' o n  

horizonta1:~:kixis) . , .. . .  . 
I I L  ; , , 

, . 

, 7,'. Per form p k = ~ i m i n a r y  d e s i g n .  ~ a k e  &re, t h e t  t h e  
' . W ,  < s t o n e  i s  c a r r i e d  up and  d o w n s t r e i i  ?ar .enough tg 
.. . . , e n s u r e  s t a 6 T l i t y  o f  t h e  c h a n n e ' 1 , a n b : ~ t ' h a t  t h e  t o e  
. . . . 

, w i l l  n o t  b&'bhdermined. l'h&':dci&n!+.t;&ifii l e n g t h  o f  
k ~ . ,  : ~ r o t e c t i o A " f o i  c h a n n e l  bends  c a n ' b e ,  de te rmined  

, , > ,  ,' . . .  
. . ,  u s i n g  F i g u r e  " 5-1 6. 

, ,  . .  , . , , ' .  , ~ . ., ', . 



, 5 . 4 . ,  GRADUALLY VARIED FLOW ;. . . .  . . . , 

. , . . . .  . . . . .  . . .  . . 
. . 

1 . 
' ~ h e . . m o s t  ,, . . . . .  common occu r rence ,  of  g r a d u a l l y  .var ied f law :in::storm 
d ra inage  i s  . the . ~ .  . backwater c rea ted ,by ,  c u l v e r t s ,  storm...sewer 
i n l e t s  ,. o r  ~ c h a n n e 1 ' c o n s t r i c t i o n s .  ...: For t h e s e  .condit5ons:i,.rthe 
f lo< d s p t h  w i l l . i , b e  g rea t e r .  . than .normal depth: ,.in. t h e  chanrikl 

a n d :  the water  . , . s u r f a c e p r o f i l e  - should .be .computed.-using:.:;i,r 
. . .  

. . . . . .  . . . .  backwater techniques .  . . . . . . . . . . . . . . . .  -. 

Many computer programs a re .  av,ail.able..!f o r -  :computation:..:of,~:;~ 
backwater, curves., ,., The mos t  .general:.and .widely, used program, 

. - HEC-2, ~k,as, 'developed.. ,by t h e  U.S. Army. Corps -o f  Engineers;.:,. 
. .  , (19.82)';zi~d , .. i s  -r&omrnended fo r .  f'loodwater. p r o f  i:le: computa-l. 

,,;:, t ions,.  . This..program can, be u s e d ' t o .  compute:,water s u r f a c e  
. p r o f i ' l e s  , . f o r  b o t h  na.tura1, and a r t i f i c i a l  c h a n n e l s  ..:. p , , . 3  . :;. 

. . . . . . . .  . . -  , . . . , , , : ' .. ~~ ' , ,  . . .  . ~ 

, . , .I ,' ' : , . _.ill 

For p r i s m a t i c  ,c'hannels.,: t h e  backwater ca lcu l ' a t ion ,  can ,be, . ,  
, .  . 
computed , . m+nua,:lli . ,using t h e  ; D i r e s t  S t ep .  Method.,;,as 

. , .,'.by chow' (19.59) .  or an.. i r r e g u l a r , ,  nonuniform.channe1 ,;;the.. 
s t anda rd  . . . . .  S t e p  Method ,, a l s o '  p resen ted  .,by Chow., .( 195'9)#, . is : 
recommended, $l'though i t  i s  a,. more, tedious:  and. i i tera t ive: , . , .  
p rocess .  The use  o f  HEC-2 i s  recommended f o r  s tandard  s t e p  

- ca l cu . l a t i ons .  . . . .  . . . .  . . . . .  . .  ........ , 
, , , , , . , :, ,. . - ,; ,.& r .  : : ,..;-< 

, .  , . . ,  , , , .  , . . .................. - ., . .  . .~  , , . , . , . - , , , , , .. . . . . . .  ,;4 

,. 5.5; ..RAPIDLY VARIED- FLOW- . , ., .: ,"  . <,..' 

Rapidly va r i ed  flow common t o  storm dra inage  systems occurs  
a t  flow c o n t r o l  s t r u c t u r e s ,  h y d r a u l i c  jumps, and br idges .  
Sharp-cres ted weir  flow equa t ions  f o r  no end c o n t r a c t i o n s ,  
two end c o n t r a c t i o n s ,  and submerged d i scha rge  cond i t i ons ,  
and equa t ions  t o r  broad-cres ted w e i r s ,  v-notch w e i r s ,  and 
o r i f i c e s  a r e  p resen ted  i n  Chapter  9. The h y d r a u l i c  jump and 

' ' b r i d g e s  a r e  b r i e f l y  d i scus sed  below. 

5 . 5 . 1  HYDRAULIC J U M P  . , .: ' .  . . . , .  

A h y d r a u l i c  jump can occur  when flaw pas ses  r a p i d l y  from 
s u p e r c r i t i c a l  t o  s u b c r i t i c a l  depth  and can be designed t o  
d i s s i p a t e  h igh ly  e r o s i v e  v e l o c i t i e s .  The e v a l u a t i o n  of a  
h y d r a u l i c  jump should cons ide r  t h e  h igh  energy l o s s  and 
e r o s i v e  f o r c e s  t h a t  a r e  a s s o c i a t e d  wi th  t h e  jump. For 
r i g i d - l i n e d  facilities such a s  p i p e s  o r  conc re t e  channels ,  



the forces and-,the changein:energq! 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 obtained by check 

-. dams or grade control.;structures that,confine' the erosive 
forces to a. protected. area.' 'Flexible material, :such as' 
riprap, .rock, or-rubb1e;~:usuallyaffords' 'the most. effective 

. , . . , . 
protection. , ,~ : .  , , .  

The .analysis of,.the hydraulic jump inside' stormsewers must 
be approximate ,. ,because of. 'the lack of data ->for circuiaf; 
elliptical, o r  arch. sections ;,' The jump <can be, approximh'tely 
located .by, 'intersecting the energy grade 'line of '"the' s'u'per- 
cr.itica1 and. subcritical' flow reaches. ~he'-primar~ concerns 
are whether -the pipe can withstand .th'e'.forces;:whidh may. 
separate the joint or damage the pipe wall, and whether the 
jump ,will a'f fgct 'the hydraulic characteristics..: l~he effect 

.:.-on pipe capacity can be determined 'by Ievaluaeing; the-'e~&~y 
grade. 'line, taking into account"'the energy lost by the', j u m ~  .. 
In general, for--Froude- numbers' less than 2 .'0, the iiloss - of-: 

. . .  
. . . .  energy: is: less than 1 0  percent. . ' .  

. . . . . . . . .  ,,,. ' 3 ,  .. 
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 an2 

0 
for spillways using::the jump~..char,acteristics of rectangular 
sections. 

. . .  , , , .., . , 
, . .  

. , .  . . , . ( .  \ , . ,  

The relationship between variables- for' a . . . .  hydraulic junlp in . . .  , . . , rectangular .channels can be-, expressed as : . " -  
. . .  .~ . . . . .  . ~ .  . . . . . . 

! where : 

... .,; . . , 

d2 = Depth below jump, in feet. . I-:.. 5. . . . .  , .  . 

. . . .  ., , . , . . . .  d : =  Depth :above jump,' in.. feet'' . . . . . . . . . . .  
... . . . . . .  1 .:, . . .  ' ,  . . . . . . ;  . . . . . . . .  . . . . 

, . > .  , - - 
. , 

. . .  
, ,  . . 

, V' ' =  velocity :,above: jump; 'in feet/second . .  
. . . . . . . . .  ' 1 .  c . .  a , , ~  ,* ., . . , , . , , ., , 

, ., , . .  
, , .  . , 

-8g = ~cceleration "due to gravity,, 32.2. feet/ . '  
. . .  . . , , ;. 

, .  . , .:.seconds ' .; ,. . . . ,  . . ,. , . . , .  



A nomograph f o r  s o l v i n g  E q u a t i o n  5-20 i s  p r e s e n t e d  i n  
F i g u r e  5-21. A d d i t i o n ~ 1 ' : d e r a i l s o n  : e v a l u a t i n g  h y d r a u l i c  
jumps can  b e  found;'$ri ii.;ljub~ic~tions~.'.~b~~:~rench (1985)  USDOT, 
FHWA (HEC-14, 1 9 8 3 ) ,  Chow (1959)  , and P e t e r s k a  ( 1 9 7 8 ) .  

. , 
" . / ,  .:, > :ir;!,:;'; :<,&I! 

5. 5  . 2  BRIDGES, ..:: , :, ,k,,l, ,:: , > . . -  .. ,_ . ,,. ".i;,- . -  I, 

Water s u r f a c e  p r o f i l e  c a l c u l a t i o n s i n  t h e  GLcini ty" .of  
b r i d g e s  a r e  g e & r a l l y  per formed u'sing"a c ~ ~ ~ u t e r ~ ~ r o ~ r a r n  
s u c h  a s  HEC-2 d.r ' ~ ~ S P R O  (USDOT, , FHWA, ~ ~ ~ f ' ~ ' ~ l . $ 8 ' 6 ~ ~ .  The 

, . . , . .. . .. .. 
p r o c e d u r e  sel6d'<&dh s h o u l d  b e  c o n s i s t e n t  ,wi th , : re . su l t s  frcjm 

> , ,.. 

p r e v i o u s  s t u d i e s ,  i f  a v a i l a b l e .  F o r  exakple, = f  changes  t o  
r e g u l a t o r y  f l o o d  . e ' l e v a t i o n s  and f l o o d w a y s  are t o l b e  e v a l -  
u a t e d ,  t h e  program and d a t a  f i l e s  f o r  t h e o r i g i n a l  s t u d y  

. .. i ,,.. ,>.... - 
. should  b e  used .  ' ,  . . t  $.,. 



: . ,  , . . .  , .  . . .' T a b l e  5-1.  .: . . . 
.,- . . . . , , . , .,:MAXIMUM VELOCITIES FOR ' , 

. . C ~ M P A R I N G  LINING MAT.ERIALS, . . .. . . . , . 
. , , . . ,  ,. 

. . 
, .  ., , . , ~ . .  , ,.,, , " . . ,  

. . , . 

a Maximum V e l o c i t y , .  
Mater ia l  ( feet / second) ' . . : .  -. ' ' . . 

V e g e t a t i o n  Use Table 5-2 

a ~ i g h e r  v e l o c i t i e s  may be  a c c e p t a b l e  f o r  r i g i d  l i n i n g s  i f  
energy  d i s s i p a t i o n  i s  provided (see USDOT, FHWA, HEC-14, 
1 9 8 3 ) .  



, . , 
!zYm 

. ,.'.. !. ':,!.: ", 

',:.Bermudagrass!. 
. . : j? ., .,, '. . . . . . . . .  :.:i.!,. . ,L. 

. .  ~ a . ,  , . - , "  ,,. i.. w; 
. . Kentucky bluegrass.:: ., 

: :Buff a10 :grass :. ,.. ' , ,.. 

,:i..Lespedeza. .sericea ,: r.: ,. 0-5-c . A i . . -  ........ 2 . 5 , .. : ..~r:,,::..... 

.. ..... '%.. Kudzu, alfalfa ...& v ,- 

$ .  . .  . , , ,  . . 'I * I , . . :  . ., . * . . ,  > '.* ,.. 1') 

c .  Annuals ;. ?".,, .. " O - ~ . . L > ?  :, , ,,, ..,%,,:& ts 2 . 5  
. . .  , , . r . .  ,,$,. . ...... ........ , .",< . ,'? . . I .  ,,+ . , i:,; .;,. r. . . . .  :.. ~ . ,. *-<; . ,, .; j<.,.' . .> .?!.;:!a~: ,,! '.' 

b 

, :Reference: .,. . USDA, TF-61 (194.7.). . :. ,: : , .;. w s . ; .  : .,&. t . ~ ~ ~ .  .... . \ . k I ' . .  

. . . . . . . . .  .. . . . , 
. . . .  , . ,..,.. \ !  .' . - .~,.. . , ,  ,,., , A , .  . ,  .> 

a~ased on erosive soils. 
, . 8  . . . . .  , , ,  8 , . . . . . .  , .  . . , . n ,  . .' ' . , , ,  . . . . .  , ,  ~ . '  . . 

, . ,,. ., 
, . , , .  ,, , . . . . . .  : .  . ,  
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: : ... ,Table 5-3 
;:,i,q RECOMMENDED. MANNINGIS 'JI-,VALUES FOR.b.'2RTIFICIAL CHANGES 

Linina T w  

'9%. i* .i. 

oncrete EE'roo-m~,or,: 
Float Finish) 

i j  Gunite . ,  ,, .- , 

Grouted Riprap::?; ,-.i 
stone Masonry 
Soil Cement , 

Asphalt 

n-value De~th Ranaes 
0-0.5 ft 0.5-2.0 ft 

.. . . i , .  I I .  
% .  , 

. , ,  :._, , . .*. 

0.015 0.020 0.020 
0.022 0..020 ,,. . '. .,\.,0:020 
0.040 0,. 030 0.028 
0.042 0.032 0.030 
0.025, 4 :,.; ; 0.,022 , . - ,  0.020 
0.018 .0.016. : . . :  0.016 

Unlined Bare Soil ,. , , 0.023 0.020. ::.. 0.020 

Rock Cut < ,  0.045 0.035 0.025 

Temporary. ': Woven Paper Net .. 0.016 ' , ,  ... 0.0.15 . .:. ... 0.015 
Jute Net 0.028 .: 0.022 .: , , 0..019 
Fiberglass Roving 0.028 0.021 0.019 

. . Straw with  net^. b 0.065 0.033 ' .  .0.025 
curled Wood Mat 0.066 0.035' . 0.028 
Synthetic Mat 0.036 0.025 ...~ . . , . 0.021 

Gravel Riprap 

Rock Riprap 

Reference: USDOT, FMWA, HEC-15 (1986). 



Retardance 
Class 

. . ,.. . - . , A , .  .. 

i' . 'B 
. . .  

. . 
'.Table 5-4 

CWSIPICATION OF VEGETAL COVERS .AS TO: DEGREE OF RET.&ANCE 
,,.,.. . ,... ... . . . . , . . . ,  , . .,:I' . ,  . , . , ., . , 4 ,  , , , . , .  ^ I,' . ,  .., .. : . ., , , .. ;., 

m .' 

Cover 

Ueeplng lovqrass --. . . .  
Yellow bluestem 

Ischaemum 

Kudzu 
Bermuda grass 
Native grass mixture 

(little bluestem, blue- 
stem, blue gamna, and 
other long and short 
midwest grasses) 

Weeping lovegrass 
Lespedeza sericea 

Alfalfa 
Weeping lovegrass 
Kudzu . . Blue gamma 

' , . , ..!: :., ': 

Crabgrass 
Bermuda grass 
Common lespedeza 
Grass-legume mixturc- 

summer (orchard grass, 
redtop, Italian ryegrass, 
and common lespedeza) 

Centipedqrass 
Kentucky bluegrass 

Condition 
, . . .  . , . I 

Excellent stand,' tall'" (average 3ON).' 176 "&)"- ' ."' 

. . 
Excellent st&;, tall (averdqi' 3 6 " ~ '  (9i ml 

. ~ . , ;::. , : :i. 

Very dense growth, uncut 
Good stand," tall (average 12") (30 cm) 

, ,  . ..; ' 

:. , , , ,  . . _ ,  .I>, I\. : .*::t,, - ,  , . . ~ ,  . . 
Good stand,' unbowed 
Good stand,:ital'l. (average 24") (61 cm) 
Good stand,?,.not woody, tall (average 19") 
(48 Cnl 
Good stand, uncut (average 11") (28 cml 
Good stand, :.urnowed (average .13"):. (33cm). . ,.. 
Dense growth,.uncut . , 

' Good stand,, unqt (average 13") (28 &i ' " '  
. '  

. . .  . , . . . 1 ; . __1. 

Falr stand, uncut (10 to 48"l (25 to 120 cml 
Good stand, mowed (average 6") (15 mi . , : :.,, .. 
G~od'stand,~ uncut (average 11") (28 cm) ~ ' 

, .,, ,#, 8. t . .  / . I ,  . , . . .  C , I  

Good stand,'uncut (6 to 8 inches) (15 to 
20 cm) 
Very dense cover (average 6 inches) (15:cmi.; ,..:. 
Good stand, .headed (6 to 12 inches) (15 to 3o ;. .. , .. .. 

! : .  
~eimida grass Good ,stand, &t to 1.5-inch height (6 em), 
Common lespedeza Excellent stand, unclit (average 4.5") (11 cml 
Buffalo grass Good stand, uncut (3 to 6 inches) (8, to, . . 15cm) ~ , , O : , - Y  

! . . , , . .  .. . ~ l < i , . U . ,  

~rasd~legume mixture-- . . I, , , . , , : : .  

fall, spring (orchard 
grass, redtop, Italian 
ryegrass, and comon 
lespedeza) Good stand, uncut (4 to 5 inches) (10 to 

-1 2 ""I .>. ,. . , . ., . ' . . . .. ,. -- -"., 
Lespedeza serices After cutting to 2-inch height (5 ml 

: : . r . Very goad: stand before'mtting.. . " ., 
.' ' . , j  

Bermuda grass 
Bermuda grass 

~ o o d  stand, cut ,to 1.5-inch height. 14 ,em) 
Burned stubble" ' ' 

, , 

Reference: USDA, TP-61 (19471. 

Note: Covers classified have been tested in experimental chahels. Covers were green and 
generally uniform. 



Table 5-5 
COEFFICIENTS FOR. =OMPUTING+IANNING*S .~:VAGUES: 

FOR NATURAL OR EXCAVATSD CHANNELS USING COWAN~S  EQUATION^ 
, "  

. -  . 

Degree of Irregularity Smooth 
0.005 

variation; of Channel:. , ,i...Gradualt. ;').;*. 

. . . ,  , . ,  i . " . . . . i  . a ,  , , , ~ , . ,  . . 

0.010-0.015 
0.020-0.030 
0.040-0.060 . I / '  .. 

0.005-0.010 
0.010-0.025 
0.025-0.050 
0.050-0.100 

1.000 . 

. , : . ,  . . ,  , .. . , . . ., 
, , .  .., * , . /  . . a: ,.. . ,  .>. . '  

. . . , . . 
a . , ,  

Cowan1s ~~iiatidn , :ii . ,.presented: 

b~rom Chow :(1959), ~abie 5-5,,-,??2tge 109,; ., 

, . . .  . , .  . .  ., 
. , ~  . .,. .. , , . ,  . . , : i,., . . ' .  ,,**" : ,,!. ' I , .  .li.i . . ::,*: 9.2i.T 

. ., ~ , 
. , ,. ~ 
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I Reference: American Concrete Pipe Assciation (1980). 
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TABLE 5-9 
Full Flow C, Values for Precast Concrete Box Sections 

.: 

; 
': 

.:+ ..: 

. 

.' 

, . A 
Hydraulic 

Radius 
[Feet) :, 

1.67 j <: 
1.87 * 

2.05 

2.20 . 

2.33 

1.73 

1.95 

2.i4 

,;2.31 

. 2.46 

2.59 

' 1.52 

2.02 

2.41 
2.72 

2.85 

1.55 

2.08 

: s~ 2.50 

.? 2.83 

L3.11 

*, 
1 't: 

. - . . .. .. . . ..~ . .. . . . . . ,.. 

C 11.4861nl~ x A ~ I ~ J ~ ~  

. . .. 
n =,b.o.,z. 

~, 

7$60 

9950 I 

12400 

14800 

17400 

8690 
11300 

' lp ioo 
,17000 

20(jo0 
,. 23000 .< 

-: 6930 

i2730 

19200 

26100 

29700 

7630 

14100 
2'1400 - 
*300 

$500 -.: 

. .. 
. . . .. ~. . -  .. . . .  " 5 6.013 

7070i; 

9180;' 

11400 

13700, 

16100' 

8020,: 

10462.:: 

13000;: . ~: 

15700~?: 
.< :_ 

18500;: 

11300fj 
6390: .+ 

11700:;. ~. .  
1 J jodi-:. ... 

241001 

27400 

7050 

i jooO 
I 

1$8m,; 
27000::' 

34600'1 : ri- 
. ., , .. . . .' 

i. ;<. 



Table 5-10 
CRITICAL D E ~  EQUATIONS m R  uNImRn FLOW IN SELECTEE 

CHANNEL CROSS SECTIONS 

... 
/ i '  

. . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . , . ~  . , .  . - 
' 5. , ~ e n e r a l ~  . A ,  L. . . . .  :.. ','-:T ,,. .g, 

. . . .  . -, .;,, :.. ,., .' r I' ."J',.., , , . , I e$th,.'in..fe& ..' 
. .".. ........" charge t " im~cfs. .. .,- .,..*.- ..- 

on,due to gravity,. 32.2 feet/ 
th': of Lchannel,,in,#eet ' . - : 
s;of:'a channe17(horizontal.to .vertYcal) 
f circular conhit,. in feet 

'A = Cross-sectional area of flow, in square 
, . .-. : - v  T -:Top widthof-water::surfacel in.,feet' '' - 

. . .  . . . . . . . .  . ,. ", . , , 
. . . . .  ,z ,.. ' - .  . . , ,  , : .' " > ,  ,- . . .  " , ,.. :.,i 

. , .  ., , 
.,, ,, . , . . ,  %ee' Figure. 5-2 for channel :sketches. .,: .. . ,,. , ,  . , . . . , , . .  ,. . , 

,>.  . 
b~isumes unitor. flow ..... with the . . . . . . . . .  kinetic energy- coefficient ............ .... m a 1  .................... to 1.0. , .. . . . . . .  , . . . .. , . . ,  - . . 

fReference: French (1985). , ., 
. < 

. . _ , ' :I , , ,." .', , , 

'~erererice::: USCOT, mA;>m-4' (19651. , , ;," . " . . . . . .  . , ." 

%=ference: Brater . . . . . . . . . . . . . .  and King (19761. . . . . . . . .  . . . . . . . . . . .  . . . . .  ,.. , , .  . . . . . . . . .  . . .- -. , 





Reference: USDA. SCS. NEH-5 (1956). 

. , .  ~ ~ . .  . -- ~, . . .  

. .. ,.. .. 
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5-5 
: .  

.,, . .  . . .  '.:: :: k:CapaciQ.Chart for,Pipe Arch Flowiqg Full, n = 0.013 



. . .  

. . . .  . . ~ ,  

. . .  

, 

, .. " .  . 

.. , . . ~  . . 

SLOPE IN FEET PER loo FEET; ' . ,' 

: capacity Chartfok;Box Sections FI 
, , . ,.,, , ., 



. . -;Based on Manning's Equation (Equation 56), n = 0.012 . , 
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. . 30000-. . . i ,  ' 
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SLOPE IN FEET PER 100 FEET 
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. s R e f e m :  A m  Conwsts Pips &sodam ( 1 ~ ) .  . -. .. . . ,. .... ................. Ixd'...ei:s', : 
',,, $..'...>.. 

$ 
. . 

, " .. . . .  ._. . 
, ~. . , . . 

' FIGURE 5-7 
, .  , .... . . , .,,, , , . ~  

., . 
Capacity Chart for B O ~  Sections Flowing Full, n = 0.012, 

. . .  Sizes 9' x 5' to 1 2 ' : ~  12' 

1 I . . . . . . .  . . .  
I 
I 

! 1 .  , i I ,  1 1  i I ! 1 1  ! , / .  , ! j l 1 : ;  
. . 1 i 1 I / ! 1 . i  1 ! l i ;  : i i  I : ; .  , ! / i ,  i ! , : 8 ;  111 .  I !  . , .  . , , . . ,  : :  8 , .  . . .  ...I 1 I  I  " 

, ' 
, . 

, . I . . .  . . , , / ,  . , , . 
I : I 
I . . I i  . . .  .6 1 I ' . .  8 . ,  

I  I I I I I , /  / ( / t 1 > , : I :  . 8 
. . .  , .  , 

, . . , I !  I ! I i !  . . I ! I. i  I . .  . . .  .4 1 , ,  . . :  

.i : . , .OI .02 .03 - .05 ;I 2 .3 .4i:.5 . . ". 1r 2, 3 4 5 10 



:: Based on Manning's Equation (Equation H), n = 0.013 
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.' - SLOPE IN FEET PER 100 FEET 
: M c a n  CaKnne mp.9 AszCCiatim (1980). , , : ,  :. 

' FIGURE 5-8 
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. ,. , . . .  Based on Manning's EqwWJfl (Equation a), n = 0.013 

. .40000, , i $ 1  , ; ,  , . , , . ; .  . , ; , ,  : !  .,.,. 
. . ,  

30000. 1 ,.,-. 
; ; .  

i , , , .  ! /SIZES:9?5co12;~12*nmnr "!' j ' . ,  ' "  ' . ' : l ! ; i  : , ! ! . : i .  

20000 : ' i t ,  , , . . 
, , ... . . . . ! ; : . I  ; .  i..' . . . ,~ 

, t I I .  . ,  I . .  ! I !  , ; : . . ,' 
, . '. .T: 

. . 8 , . ; I . I ;  : .  ; ,  

: ,, -. : , ' , '  

SLOPE IN FEET PER 100 FEET 
Refemm:, Amedmn broae Pipe Asmciation (1980). . . . . .  . . , , , ,: . ,  < .  FIGURE !$9 

. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  capacity Chart for. ~ b x ~ e c t i o n s - ~ l o w i n ~ ~ u l l ,  .n-= 0.013, 
Sizes9'xYto 12'x12' 
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.. , . ~ ,  
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1 ? 
PROPORTION OF VALUE FOR FULL FLOW 

Relersncs: American Concrete pipe &sociation (IW). FIGURE 5-15 
Pipe Arch Relative Flow, Area, and Velocity forAny ~ e p t h  

A 
, . .  , . . . . ., .. , 
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? .  - . . . . . . 
T =Channel Top Width . ~ -. , . . 
Rb 5 Centerline Bend Radius ::i' . , , 

. 
, . . . - * 

Cb = Correction Coefficient '-j . . . ,  . 
, . . ~ .. , 

, . 
. . .. : 

, ' . . ~. . . . . . *~  ' .~  . .. . . ~  . , . ~  . . 
~ ~ 

. ~ . ~ ~  , .  ~ ~ , - 
?, 

Reierlnm: Maynard (198a ? . . .  
,.& . .. 

., , 

. 
~ . .. FIGURE 5-17 

A diprap Lining d end correction Copffjcient 
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FIGURE 5-19 
Riprap Lining d30 Stone Size as a Function 

of Mean Velocity and Depth 
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Ralaranca: U.S. Oepamnent of the lnkrior (1973). 

Nomograph for Solving the Rectangular Channel 
Hydraulic Jump Equation 
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Culvert Hydraulics 
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CULVERT HYDRAULICS., , , ? 
. ,. , . . .  , . , , ' '.. - : .,,. ~ , >  A " .. ,. 8"' 

' . , . , . . , ; . .,, '. . . . . . .  .* %, ,.; ,,:I > ;,;.> !.*~.": . .? '  . . . . . .  t*; i . 
:..... : , , , ! , : $ '  . . .  . . , : ::*.;. :,, *- ,<~"7,.;c,d . +;;;,:: ;.,a!j.'~,.c> . . . . .  

Culvert hydraulic nd,.:anal~zed:;on-,the:-;: 
basks o f a  control section. A control sectioniis a location 
where .a, unique relationship exists between. .... i:~. . theirate:.:-of . .  ,* !f low.. 
and depth of flow or water surface 'elevation. The two basic 

ntrol ,isections . , are, ,inlet and outlet ,con,tr01,~.-: !.l 
. . . . . . . . . . . . . . . . .  ......... . . . .  . . . . . . . . . . . . . . . . .  . . : , , .~ ... I . ,  & . . .  . , ,.:, z . * , h r :  .,~,>...L ; 

, . j  > 
8 .  . ! .  , ,  :::;: 

.' , . , , , ,,,* ,..* -, , 
I; , 3,:" I 

is capable,:of ,: 
accept ., !i. The !control 

section':'for this condition is" located just inside the 
entrance. Critical depth occurs at-oq:,:near this. -location 

- , and the f1ow:in the culvert is supercr,itical.i,:.The following 
variables influence' culvert performance at the,.,inlet ., , : ,, 

, ;  .,, 

1. Headwater elevation , . . . . . _ :L :. , . ... 

. G 2 .  Inlet area 
,. . *"3 . . , . Inlet . . 8  .. . , . ,  . . . ., 

..,$ ..:. ~.:.~nl,et ,. . . . . . .  : ~ ., . , . ,;, {; .. , ?.  

, , ' ~ .  ,, 
/ . ,  . I 

Flow under iniet 
either the weir 
the, headwater depth, . ;It is ,.important, .to,.no,te.,~that,,,$hei.:- . , ., . . .  ..!. 
tailwater elevation has' no influenceiion . . .  capacity.z;,:.;:- . . . . . . .  ; , Y ~ : ~ ; ! ; . : . ~ ~  

6 . 1 . 2  OUTLET CONTROL 

. ~ outlet control occu ertsbarrel or outlet has 
less .,capacityl.,,$han, .fh,e,i.inle,t,. , . The control :se~tio,n:~f or,.:this+ 
situation is 'locatedat.,~.zhe,,bar.rel .:exit- ,or ,,do~stream,from 
the culvert. Either partially full subcritical 'flow or full 
pipe pressure flow conditions :can occur. ;;,In;!addi,tion . , to the 
variables influencing inlet performance listed, . . . .  :above ,. :the 
following factors can affect outlet performance:,., . . 

.. , 
1. Barrel .roughness .. <. 

2. Barrel area 
3. Barrel shape. 

c 



. . ., . !. 4. Barrel length . - , : 1, 

5 .  Barrel slope - .. ..:.?.' 3: . : ,  . . . . .. 

6.  Tailwater elevation 

For outlet control, th=.!difference between headwater and 

and inlet and outlet performance are evaluated -to3:determine 
if thex will satisfy the condi-tionsprevailing at the pro- 
posed ,location .. ''A' culvert system 'is.iselec 

. , 
. , f. .:.;, . : . . . i , ,  the:following~items: , - 

, , ,  . i 'r , . . . . . , . .  . ._, , . h L  : ,  i . .: ,. . . , "I,-> .i ., , . . ., 
, 

' . , , . '  , . ' . 
,a :: . . . ,  . : 2.:.:' ~arrel materitil.: 
< i '  , , 3 .  :.'. ,Shape . . ':.:'. . -, 

. . 4. Size 
5 .  . Outlet structure ;,;.,.~ .:,,> ,. : :. ., ' LI(.:..,.,. 

. . '.*, ,.*;, ,,T,!>~,' i., 

The inlet and outlet structuqbs are:usual.lp the;same,::to 
achieve a symmetrical. installation. Ifithe: oiit'let velocity 

0 
is high enough to cause erosion, pr or energy . . .  . .. . dissipation ;is requi-red.i, ,,'.::;;' .A:; . ' -., ; :  :..ii', ... : 

. . . . . ,  
,:,,,. ,:;,,,,! .+>!!:?i.,,,?: , - , i , . : . .  : :  , . . . ! ' . I ,  ,' f:. . . . . : li 

The procedures presented: in' this ich e obtained': fro& . , 
, .  . . .  . , ,  , . . .  , , USDOT, FHWA,. HDS-5 ' (1985.).. " ' ' '! ' ' , ,  - .  ' . .  . .  . .  . : . - ,  ...I . . , ,  

6.2 RESIGN CRITERIA - 

. . . . > ,  ' .  . . . !: :.: '..: - - . 

. , . ,  , , 

4. Manning's nva 
5 .  Length and slope 
6.  Velocity limitations . . ,  
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..,. : ... % .  ' .  " ,<., 

The design discharge depends o n  an appropriate "stom fre- 
quency (return period) and ,the rprotec,tion ,desired for the,,.., 

l i l l : , . .  , - 
publid,. on ,th2:rda,hwal ,,dr: adjac,ent ;l;ari'ds..' 

. i;;. 6' ." --:;,r,z ...,. 
. . , , . .. \.: ...:. :.,. .. ..';..;. Tha " :,..:,!vi following,, aL.~d,~, ,- e" - , 

criteria $hal.l"-apply ::: ' : , ,  , .', ' 
, :;:.: \?> 'i,,."? ,v; ,!::j:;,' tt :, 

Major and   in or Arterials 
Major Collectors 
Minor Collectors ,..,. . . . . ,,.. 

' - .  desidential.:and Local . .. .' . . .Road-siide Dit,-hes : ... , 
, T , ',. . -..) . : , ,-, : ~'..,' : ;> ., 

, . 

In addition tothe design flow,, the,culverfg capac-it$ sh:uld 
be checked" for the "100-year resurn period,. ,to ensure that 
overtopping flood 'condition<'dd:"not exceed-l-:foot abdve the 

, 
,< .,!: , 

top of c~~b."::,,If iponding 'occurs atythe cul ert, entrance, and a reduc-ti'6n .xn .~dis'-ha=ge. aftrfbu~hb.ig: to 1 , . . , . , . . . . . 
torage,, is, 

appropriate, reser lculatio~s' 'can be &ed to 
estimate the reduction., ,,.. ;..' .. ~ , . Y . . , j , l  . . - . . . . < i . . . i  ,,:.,:. , , , . ' I ,  , '  

. , . .  
!,. , .. : ,$,j:; ,:,5 ,.., ; . * : ,  . . 4  ' + - 

6 12.2  ".HEADWAT~ 
. . ..,? v, a ,  .. . ~ 

. , ,  . . - . ,. . , .. . . , , . 
I . .i . ,.. .. . . ..:. ', x,.p.,, 

. . . . .. ,?;~. ,'<.!,. . : : ,,.. ,; :.",,,.?!<:; ,; ..,<.::,.,3,,#:; 

C ,. ..: " ,*z$ ; * - t J , . + ~ : s . 2 : . : ,  :,~.?:$<,i;i,e>y*,~,!d.: 

The allowable headGater'e~6vagion is determined from an 
evaluation of conditions upstream ,of the culvert and,. the , 

It."? , , , ,,,,> . , , , I.:' ?he::f b,li;b ",., proposed' '6jr exiHting. 'roadway ,elevation., _:,  , wing 
: .. . , . . ; ,. ,,. ..- , .',..'". ' .. 2 -  ~ 2vf;, #. 

criteria . , . .  . shall' . ,  'be "'analyzed': . , , ,  . ,  " %  ,*... ; .  .. . ~ .  , 

, .  , . , , , .,, ., - , . , .  , 
. . , I . <  >, 

, , .  " . , ....., ,.<, 
. , , , > . ... , i . 4 :  . , :; , 7. 

1. ~oi&d~m&ging'br 'pemissible 'upstreain flooding 

. . elevations..(e.g.., ele.;atioh:, aata , ro,,(ise&$&-3 existing buildings $ho,iid. or be flood 
" 8  ,... .. ~.,, .~ . ' . identif iedr. Headia'ter::$h&uidbe''kep'' 

, ~ . , , , .  '. , . , . . . , , , . .  ~ . . :, . +  ., . . ,I . ,. . , these 
el&ations .. , . . , .  ,, 

, . . . ,  , . . .  , ' -,:., " 
, . .  , . , ' . ' ,.: .. . ,< , 1 -A " , 

2.  Headwater depth for the design discharge,should , 
not exceed a height greater'than'115'"'?k=d' belbw'' 

,. ,, . , < ,-., 
the edge of theshoulder of airoad. 
, , ,,., . .  , . . , .  . .I . . ., , : .,.-.,, .. > ..,. ' . , 

. . . . ;, . , . ..: . .... 6 .  . :,t 
, ' , . . < .  ~, - .1 : : , , , ,,a,< *' , . , 

3. ' Headwater ,deGth for: : thk ' :  design dischhrge shoulZ; " , '  . , ,  not ' ,'wat.& t'& .iriSe' Zh'&; tdp:-:b;f ., '.a.p6~b&c:h 
, . . : _  . '. . .. : i . , ,- 0. ' channels adjacent:to' improve&'~~land: .. .. ,. .% 4 o;̂ above thg'" 

r . f i , . . :  
established flood" plain (QiOb') .' 'lliipacts to .the'. 
established base flood (QIo0) elevation should be 
minimal. 

C 
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4 .  Other site-specif ic design considerition& shou'ld 
. . .  be addressed as required., 8 . . , .  ,.: . . . .  . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . .  . ; L  , ., ,. . 

. . . . . .  
~h&'.'coistraint' ~.,* ,., that giyes the.low$st allowabi~.he ,-, , . ' 

elevatidii shall estdbli'sh th&'.bas'is for h$draulic . . .  Ji. . . . . . . . .  ;. 
calculations. 

. ,  , 
,., . ,  , . 'I " , '  .. ,"<, 

6.2.3 TAILWATER " ' . ~ . . , .  
. . . .  , ~> , ;  $ ,;&. 

. . . . . .  . . . . . . ,  . ,  .. , ' , :>."  
The hydraulic: :conditions downstream .of....the.'..culvert +,. , .. site . 
shall be evaluated to determine a tailwater.depth.for the 
design discharge. The following conditions' are"thica1: 

. . .  , , . , ,  , , . A , >  , . . ,. . ( :" . ~ 

: 1 ,  ' ~ f  :the culvert :outiet .is 'operating 'in, , . i'lfree Tall , .., ; 

' : condition - (.e:.g: ,I a 'cantilever pipe) , ' th=! criti,c%l , ' . . . . * .  . ~ . . . . .  .., . , - depth' and equiva'lent. hidraulic' 'grade<:1:;in= '&ould 
. . . . :  ,, . , , , . _ I ' , - c ,  

: ' .  be 'determined &lng pr&edur&"pres&&ed .An. .'''~. '.< , . ' .  
, . . I . , ~. : . .  . ,. . 

, - ... section 6' . . . . . .  . . .  . , ., . . : : .;. . . . . . . . . .  .'$ 
, j ,  . , .  
""'r 
, , ~ ~  2. For culverts that dis-charge td" 

tailwater depth is established by evaluating,.,the :. , , 

normal depth of flow in the outlet c&a'nnel?us.ing' ' "  

procedures, . identif . : . . , ,  . 
. . . . . . .  ....& ... , , . $ .  , , 

. . ,  .,. 
Z,.." , , 

3.  , . '  If. an' upstream'c 

0 
. . dbwnstream =ulb=$- 

of the downstream 
tailwater ,@epth , for.. the upstream culvert., . 

.,. , . .  . * '  i . ; : , a :  , 'I . . ,,L.' - . . 
. , . , .  . ,  . :.. . . .  . . . . . .  .:...*..r;:. .. 

4. ' ~ f ,  t h e  'cdv&t:'discharg&s :,, , , . to ,;a like, .:pond; I ,., , , , or 
, other &jo; 'witerbbd$,:' the:e&ected ..... ~ high' water 

. r .  . . .,. ,. I u .  kie'vation' o f  t?he.'p;articu'lar... waterhoay, ma$ " 
, ..V...?. .' ; ... . . . . .  

establish the culyert tailwater. 
, , . . .  . . . .  5 . '  ...... 5 ..... 

6.l2.4 ' WING'S n VALUES ;' , . . . . . . .  
, <  ., ." . . .  . . . . . .  . ,. ! ; : , .. , ..'.'>. , 

. , 

All culverts shali be constnicted using' reiiifo;c';ed concrete 
pipe unless alternate materials of . . .eq effe'&tivei;ess :'anhi strei;+H*:i'&e ". approv 
.... 
h.ibli= Works .' Manning's- n. 'iralues f 0r ~. c=y&at-bns' shall be' &'.fbllows:, , , : 

, , ,  < . .  ,,-, '1;; .., ,. ' ' . 
, . , . , .... . . . . . . . . . .  -...... 6.. . , . , .  , ,  

I 



, , ,  . .  .. , .  ater al"'" . . : . " .  ' .. , ... _ \ .  L ~. . . ~ 

. : . . . . . . . . .  ...o $ P C . .  .;:.1 .> ::> . k.. . .  ,,..., . , .  

''n Value 
. . . , 

. , , , . , . . .. - . . . .  
Circular and;kc&i~dncrete :pip$.' ,.: ': ,.; .:...:.?:I;'? . :., -id' . !bl j> x":?::,:' . . 

, . v...., ... ' >  .,.., T<:t , '  

Circular Corrugated ' ' ,. ,,'e.8i;: , , ~ a ; ~ ~ : b 2 4 ~ , x - ? ~ ~ r - : 4 ~ s J  
Metal Pipe. (CMP) 

. . structural Plate w - . 0.032'8-0.0302' " 

. . . . . . .  .. . , Box Concrete . : . . .  .:. ,jfO, ,: -.: .'.I' - - --- 
,., ,. . .... .. . oval ~ ~ ~ ' ~ r + t ~  I:,:...". 8 .  . i:'. . . .  ,:: :-. ., . ,.!. '.,I: ,., i. :$.'" #: ofi-b12Jw?;':.: 

&ch CMP 0.024 
;: s&ii&tural,2~l,ate a c h  

. . . . . .  . . . . . . .  0.0327-0.0306. 
- ,  , ..:. . , .  ., ,. 

' ,  The length-and slope of a culvert shoui 
: ,.,. - ,.,. , .: ; \ > . , . ~ ,  .. -.f 01lowing"f actors : 

. . . .  - , *  , ,  .. : 

, . ,  . , 1. ' :Channel bottom. of the stream 
" . 2. 'Geometry o f  .'the'. roadway 

. 
, . ~  ' \  3. .,'skew angle $f '. th='ku~iier 

.. - .  I _ , > 
5. 

f.;'. . . I  ..<!<*., , . . . 
, . xn general, the culvert s~gjje ~ ~ o u ~ i + d , ' b & . ~ ~ h ~ ~ : e ~ i . ~ t ~  

. .* ! :. . .  ,$ !;~ . 8 :  

,. mate existine' topography. . +I, 
z 
* %  :: * :. i !: ,b,( ,.,' ';:.<, %:/ ,..,: . c!.:* ,':,;# L.4 :  : %,. 
. . 
' 6.2 :'6 VELOCITY LIMITATIONS . . 
I 1 , > ; ,. i =,?., ,,:. j ,,:::.,,< .!.'. ',;,.;'* 

A -minimum velocity of 2.5 feet per second when the culvert 
is flowing full is recommended to ensure a ,self-cleaning 

,.\ ,'<.:, * ,2*, -\~?, ,:. 
condition during partial depth flow;::.-. en:>.+eib=$e:i'& bef o$ 
this minimum are anticipated, the installatio . .:. . ,. 4 *  . , ..fr$:. ~ l j s t ~ e ~ ~ m y  bf.:' +.he$' ,&urv,&r+!. .I&. kequtire&:,-' > ,.c! . 

. . . .  - '-. ,,,> . "i  * !.;i :~. ! : :, ,>~ :, ?,, :; . :?+l::, *c: :: L.*, $*;?;..:,i:; :: .:I ;;.'k7.: , , .: ,t, 
, .  - . . .  

Riprap is required at,all culvert outlets, unless some other . . . . . . .  ." . . . . .  0 $. . . . .  .. ;, ......... pf ,.< 

matkr-ial::~?. eijiiaial &+greater ef fectivebess"'and ~ ~ ~ e a r a n c e  is 
apprbved,by the Engineer of Public Works. The maximum 

-1 velocz;tty;' .s&ill. bk' cbn'&'is.*eht:i with t=hhnn&l.-'stability . "" 
, ., . . , , , , , 

rbqu.lrementr'. ~he~!cur+arcll &tlbc ~ . : ~ . ~ ~ . . i j ~ ~ ~ e ~ :  +&locities 
:.in==&aieit:thel.ng,&d~"fo= :ge&bilizhtibn:dat?;the culvert 
Outlet increases. If velocities exceed permissible 

.,.,., .<.^Ir .. 7. vel$=?$ti@i , Ybr" th&.'au*letr> ee Chapter 5), e n = r ~  &~s~ip&ionr iss;equxr&. 

6.3 DESIGN CALCULATIONS - 
A flow chart for performing culvert design calculations is 

C 
provided in Figure 6-1 (see discussion in Section 6.3.1) . A 



worksheet for.performing calculations~for-standard L . .: ., . culvert 
design is provided i n  Figure 6-2. ~dditional worksheets for 8 , .> 
tapered and mitered inlet design,are , . ,proyided.:in ., . HDS-5.. 
(USDOT. ,:FHWA, 1985) . -, . .,. :> (A . , , . . tp : , : ." ; .  . . .  ,-, , - ii: . . . . .  .> . ; , .... 

< .,.,, . ,  "',",," . r.:, 2,. .,.. , .: ' ,.,,, .,,, ~ . . . . . . . . . . .  
For. standard culvert design, the following,,.i~et ,an'd;.outlet 
cdntiioi ,dh&ts, found in HDS-5 and duplicated ,as .the: . .,. -figures 
shown,~,~are: required culvert capacity calculatibns:~: , .  ,, 

.;,*r '  .. , . :  J .. , , ..:., 
. . . . .  , . >. , ,  , .', 

, . ,  , .  ,,. ., .*..: , 
, , ,.,; piuure Numbers 

Inlet Outlet 
Standard Culvert TVD~ Control 

Circular. Concrete Pipe , , . , - .. , . , , . , ,  , ., 6,-3; , . , , , , .  , ,6-4 
circular ~ohugated ' ~etal Pipe (CMP) . . , 6 -  . . .  , , 6-6 
Structural Plate CMP 6-5 6-7 
Concrete Box . .;,:. , . ,.. , * . , ,  . . . . . .  . . . .  6-8 6-9 , :  :.., i!l' .. . ,  " .  , *  

6-11 ... 'Oval Concrete Pipe--Long, ,, . , A s .  ,,, Axis. . . . . . . . . . . .  ~orizontai.;.. ....... 6-10 . : . . 
. Oval Concrete ~5~e--~ong.~xis . . . . . . . . . . . . .  Ver,tical. ., ,,, !, .,6-12 .. 6-11 

I 'l* 

"CM Arch 6-13 6-14 
. Structural ,Plate L . .,,,, ,: CI$P,prch! .,., . i .... ..,<.. (18-Tinch . . . . . , . .  , . . , ,,;, , ~, . . ,  , . .  

corn&=' ~adius) 6-13. , I :  _ . : ' , . . :6,-15 .. . 
Circular Pipe With Beveled Ring 6-16 6-4 A - 

Concrete Pipe Arch 

r . .  , - .  , . , , .  . I .  , , " .  - ..;;,. . ' , :  , .'. . , " , ,  , ,. . , ,  .d'. : -. c ,  <., , t, ~ , ,;<, 

"  he k'bllowing procedure,:., . -. . .  illustrated. . . , .  in . : Figure.:P,-1,- shal,l be 
used.-to select a culvert size'' with the charts from HDS-5: 

. . . .  . . . . .  ~. ,., . . . . . .  . . . . . . .  , . . . . .  . , ,.;:.. :f.:;, & ,  ; : . : .:. , . , , .  ,, , - , . 1 > .  '. ,, <,.... 
... , 1. ~e;f om' .., ,. . , hydrologic , " . , , . ,  ,calcul~tions"~~~(see. Chapter., 9) ,., . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  

. . .  . . . ,. 
:; t,, ' . : : ' .  . , . . , . , , , ; . . ,  :,, .:; ,. ,$ > ~;,,:., .;!:;.:,~~,<i; . ~ 

2. ,..:.,List, the' . . . . .  .,,: , >  fbllowing . . . . . . . . . . . . . . . .  de$ign.,. data, (a: suggested,. _.,, ....* ~ * , ,  ,, , , . .,. . 

- , . . ,,. . , . . .:: , .tabiilation , . f om.., is ,. . proyided , ,in,~i&re,.. . . . . . . . . .  6-3.- I&"r which.. . . . .  

. .  . , ,  ' , . , .  ~ . .. ,.,,. includes:, . . . . . . . . . . . .  a drawing la be led^. ,..,. , ,,,,, . , Gith:,,design . . , , . . :, var-iables) , . . , . . , . : 
.. , , . . , , . ... . . ' ,  .... :,. . . . . . .  ., . , . : r : . : : : , . ~  .c, : ;..-,:. 2 >". ,... .Gii .:* :, ;, ,. . 

, . , ' a. , .,. , .  Design , l discharge,;; . . ,  , Q ,.,. in,. . . . . . . . .  cf s, -;with . . .  ayerage, :, , 
return periog';(k.$.,,,:,:Q25) .r,, ~ , ~ ~ F , ~ ~ ~ y  than:, 1 



. . ' ~ .  ., . 
. , 

one L b a r r e l i s  :used;  s 
pz ., .. ' number o f  b a r r e l s :  u . , ' , ' ! ..' , , 

l , i  , . , . " ' i ' ,  , , '  

,>(,. ,,.. ~. . 
d. Allowable headwate={'&e$th, .Am;-"in. f e e t ;  

i .e., t h e  v e r t i c a l  d i s t a p c e  f;om t h e  c u l v e r t  
.:',! , '  :,*:. ,.. .:, . -  " , ..,, ,. . , , , , .  

: , , ,<., .~ , 1 ,::: 
~ n v e r t '  ('f iow l i n e )  '&e " t h e  '=ntrance t o  .ehe . , . , . . i  
-waterc st irfa& e r e v a t i d 2  perm~ss26: te  i n  t h e  
headwater pool  o r  approach channel  upstream 

. . ,.;, ,.:. , . , 
from'; the c u l v e r t  (gee  sectibri 6 .'2..".2) . 

' , , ,  S"., l,'. :,: . ,. : , . .  

e .  Mean and maximum 'f l o o d " v e i o & t i e s  i n  n a t u r a l  
s t r eam ( o p t i o n a l ) .  

: . I:<. ,.,, -. ..,", . . ,  .. . ~ ",, . . .  ~,":'..:$',; . , 
. . , . , , 

~. 
, , , . _ , . . . , , . . ,I , . i n c l u d i n g  b a r r e l  m a t e r i a l ,  

-iec'&x5ndl shape,  and i n l e t  

. .. . .>!: 'i,. ,,', , , 

. . ,  : b . ' .  ~ i . a ~ ~ r o x i m a t i n g  e q u a t i d n  such a s :  
. - , .  . .. -, 

Q . A = -  
, ,. . , , , .* ; , . V . ,  ?,. . .  , . .  

(6-1 
. "., . ... , . , . . . . , , 

. - . . where : . , ,. . . . , . .  

. .  , . . . , ,  . ,  , . . . .  :. 

A = C u l v e r t  area, i n  square  f e e t  
", , , .  , . . , .  , ~ . . .  , . ,  . . .,, , . 1 .  .,. . , ,  ' 

, . .  , 
: . . .I . .  . . . . .  . .  :., Q .= .Design . d i s cha rge ,  i n  c f s  

:. , :.. . , . ~. . .  . , . .  . . . .  . . . . . , ,  .. 

v = Average .ve loc i ty ,  i n  f ee t / s econd  

. .. . .. .. :., : ,.,' ,..c, ,. .. I n l e t , .  c o n t r o i .  nornographs f o r . . t h e  c u l v e r t  t ype  
. , . < ! ,  -.:'. ,,;: ?!~,' '.." ., s e l e c t e d . ( s e e  . a p p r o p r i a t e  f i g u r e s  i n  t h i s  

. ., 
, , , :  . '  .- 1 i'.. , ,  , .  . .?: chapter) . .  :-A. t r i a l  s i z e . - i s  determined by 

:fit '. ., ','.,; ,. . . i * j , ~  a~surning.~~HWXD, . : , e .g , .  , , . :HW/D = 1 . S ,  and us ing  
. '  . . . . . . .,the -given Q: - , , . . ~ . . ' .  . 

'(3 



. - , I:,£ t h e  t r i a l  s i z e  s e l e c t e d  , i s .  . . .  l a r g e r  t han  ~ V C I L L -  

a b l e  s t anda rd  c u l v e r t  s i z e s  . .. o r  i t s  use  i s  
p r o h i b i t e d  by o t h e r  p h y s i c a l  l i m i t a t i o n s  (such a s  

. . , . .  . l i m i t e d  embankment . .he igh t )  , m u l t i p l e  c u l v e r t s  may 

0 
. . .. . ,  . . . ,  . 

be used by d i v i d i n g  t h e d i s c h a r g e  e q u a l l y  between 
.the .. . . number of b a r r e l s .  I t  i s  a l s o  p o s s i b l e  t o  

. , c o n s i d e r  r a i s i n g  t h e  eml;ankment.:.he'ight o r  u s ing  
, , ' A , .  . ,  .. , . , .  , .  , , .  , 

a r c h  and box c u l v e r t s  w i th  width  g r e a t e r  t h a n .  . 
twice,  ' the  ,he igh t .  . , . ". , 8 , -  . , . , > .  . . 

. . 
, ' .  , ' .  . , ,  

~ , "  . :, .~, ,:..,:\ :,,fi: h?i,~,:,,: . 
-4. . , ,  F$nd:..inlet and * o u t l e t  c o n t r o l  headwater,  HW, 

', . . . , . . . ..* , > .., , . ., , . , , ,  , , .  , ,  .. . . 
d e p t h s ,  f o r  t he '  t r i a l  c u l v e r t  s i z e ' . a s  fol lows:  . , . : . .. , .  . ... , . . , ,  ,. . ,  . , 

, . .~.  '. , , 8 .  ;:, ,.. , i  . .  ..' . . .  , . . ,  

. . a .  For:. i n i e t  c o n t r o l ,  .'perform t h e  fo l lowing  
.. : . *. . , . . 

ca lcu1a t ion . s  ( s e e  Sec t ion  6.3.2 f o r  
" a d d i t i o n a l  d e t a i l s )  : 

. . 
. ~ .. , . . .  . . . . ., 

. . , , 

(1) Use a n - a p p r o p r i a t e  i n l e t  c o n t r o l  c h a r t  

I;; , .  . .. I , . , , f r o m  t h i s : ! c h a p t e r  . o r  HDS-5 and t h e  t r i a l  
11 . ~ . ,  ' '. I!. , . ,  ' s i z e  from S t e p  3 .  t o  £ind HW. Ta i lwa te r ,  

TW, c o n d i t i o n s  a r e  , neg lec t ed  i n  t h i s .  
de te rmina t ion .  & i s  found by rnulti- 

. .  . , ... . , :., - . . , .  . .  plying,  ,HW/D,  :obta ined .from ., , . t h e  , . ~ , ,  ' ;. 
nomograph;,, b y ,  t h e  ,, ' h e i ~ h t  , . . .  of . .  . .  . c u l v e r t  D .  0 

(2)  I f  HW i s - g r e a t e r .  o r  . l e s s .  t h a n  a l l owab le ,  
.. . , .  

t r y  a n o t h e r  t r i a l  ' s i z e ,  u n t i l  HW i s  
. a c c e p t a b l e , f o r  i n l e t c o n t r o l ,  b e f o r e  

comput ing HW f d r  o u t l e t  ' c o n t r o l .  

! . b .  F o r : o u t l e t  c o n t r o l ,  perform t h e  fo l lowing  
c a l c u l a t i o n s  ( s e e  Section.,6,..3.3 f o r  

I a d d i t i o n a l  d e t a i l s )  : 
.,. 

. .. , . . , . , . . , '. 

! (1) ~ p p r o x i m a t e  t h e  dep th  of TW, i n  f e e t ,  
! . . . , 
I 

. a b o v e : t h e  i n v e r t  a t  t h e  o u t l e t  f o r  t h e  
I des ign  f lood  c o n d i t i o n  i n  t h e  o u t l e t  

. . 
' : 'channel .  . . .  I : , .  . :.,. . , , , . ,  

,;: '. . . ., , .. :i. ( 2 )  . I f  the::TW e l e v a t i o n  de t e rmined  above i s  
. . ,  .. .:: . : . . .., .. . .. " . equa l ,  t o  , o r . . g r e a t e r  t h a n  t h e  t o p  o f  t h e  

, ,  . , . . . ,  , .. c u l v e r t  : 'at .  t h e  o u t l e t ,  , s e t  des ign  t a i l -  
. , . . .  . , ,  water ,  DTW, ,equal . .  t o  .TW and f i n d  HW, 

us ing  the '  fo l lowing  equa t ion  and t h e  



. . .  
' .,.' 

r .  . . . . . . . . . .  , , .  , t  a p p r o p r i a t e  o u t l e t  c o n t r o l  nomograph 
. . .  from t h i s  c h a p t e r  o r  HDS-5: b 

~*.. : ..: , .. . . . . . . , . '< Z , ~ ,  

,,. : : . 1  :: b..!~ ,.! ,:,- 
HW = H + DTW - LSo 

i 
(6 -2)  

. , 

,. 
,. .,, . .:,.*, , ' , '  

..... 
( i j . , . '  .. 

HW = Headwater dep th  f o r  

.,. , 8 ,  . 2 .  . . , , , . <. 
o u t l e t  c o n t r o l ,  i n  f e e t  . ....... .-..: .-, . . . . . . . . . . . . . . . . . . .  

. . . . .  , , .- H = , T o t a l  head l o s s ,  ob t a ined  .. .'.. .,,,, I..'.i. , : , " ; ~  

, . .. li 
' .  from t h e  a p p r o p r i a t e  

, , .  . . ~. 1 8 . \ . . i 

. . . . . . . .  , . o u t l e t  c o n t r o l  nomograph 
. . . .  ,.'.,,. 

. , .. 
', , , . from t h i s  c h a p t e r  o r  

. . .  . . 5, i n  ' f e e t  . . 
...... ,. . , . , ; ,. ,,:- , . .  , . , . .  I., .:;.: ..... 

DTW '= :Design t a i l w a t e r ,  i n  f e e t  
.:. ... .: ~? 5.J .:-,. .., ,..-! .* 

, , >. 

L = B a r r e l  l e n g t h ,  i n  f e e t  

. . . . . . . .  . . .  ., -.>!b;,.,... 

..... ": . . S = B . a r r e l  s l o p e ,  i n  
3 : :  : : 0 tf.egt/ foot 

rn 
[ " ,  . . , . 
\4' . . * ; , I :  , ? , .  .',;"; . . (.;) .;.,L1 i. ~,&.ll . i  ' 2'..%,4: :: > 

e TWielev i f ion  ' determined above i s  
.! 

. . .  , : I' less t h a n .  t h e  ' t o p  o f  t h e  c u l v e r t  a t  t h e  
. , . . ~. . :..o;tl"Qt,' kitid ;'HW u s i n g  Equation 6-2, 

excep t  thatDTW is  t h e  g r e a t e r  of  t h e  
fo l lowing  two parameters :  ". ' ,;; " . .,. ,. 

. . . . . . .  , . . ,. . . . .  . . . . ' . . .  * 

..,ri where : ................ . . 

. -, .: , < , , . : ' : : . . . , , , , , ,  , . , , .h o  = Equiva len t  ,hydrau l ic  e l ev -  
; 8 .... . $ , . y , : )  .......: ,: .. ' . .  . . .~ . ,. a t i o n  a t  o u t l e t ,  i n  f e e t  

7 , .  . , : , . ,.  , , . , , . . , ., :dg,..=,c,Critical.,dep:th, i n  f e e t  
. ,<. ,- > .,,J.;p:i.,' . . . . . . . ! .  , ............. : , . j , ,i.. . q.i6:;r; ,:(from :HDS-5.c.c.harts, 

. , 
. 

. .:. ,,,ji.-.: .,:. . . .  .~,': ,. ( 3  ,.. :::.. , . .-.,:..I;:.,I ,!...: . . ?, <.:;~ dup:li,cated.:as c igu re s  
n . .  , 



. . ,  , . , 
, listed below) . n u L r :  u 

. . . . . . . . . . .  C 
. . cannot exceed D. - ..,,,, , , . . 0 

D = Height of culvert 
opening, in feet 

TW = Downstream tailwater 
. . 1 ,  . . , , 

elevation, in feet 
. . . .  . .> i:. - ,  !.., ti':: ' r ,d 

..;:,, , , : <. : :!'*,.< :: ? '  .... : : Culvert Type Figure 

. , : .  . . .  ~ . ,  , , . . .  ;.. ,'.., ..?., ;< .. , 6-19 

. . 
6-20 

:. ' . , , # X i  : ng Axis Vertical 6-2 1 
, . 

ng Axis Horizontal 6-22 
6-23 

structural Plate CMP Arch 6-24 
I ....... , . .  . . . . . . . .  , _ , . * , l .  I d ,  _ .  . ~oncretk Pipe ~ r c h  6-25 

, , .,, , _>_.I ..' ,, Note: . , .; 
Headwater depth determined for 

: . . fxis condition becomes increasingly less .... , ....... 
"accurate as the headwater computed by 

I , 
I 

,method fa1,ls below the value: 
, ..> ,. . -  .'$ .. " . . ,,, , , 

0 - 

. . .  
. . . . . . .  D L =  Height of culvert 

' opening, in feet 
, ' 

k = Entrance loss coefficient 
e - 

v = Average velocity of flow, 
' in ,feet / second 

. . . . , . ,  . . , . . < .  2 . . . .  . :  g =Acceleration due to grav- 
. . .  ' . : ,, , p , , ,  ..' , . , . . . .  ity, 32.2 feet/second2 

' :%,::" .. ,.. :mmpa?ie, -Vhe headw,ater values from Step 4a (inlet 
;- ..8~control) ;land ;step 4b (outlet controi). The higher 
. x ... :. :.'- : .. head~a'teS-'~overns and indicates the type 'of flow n 



. , . . . . .  . . ,  I . . .  , ,: . . . . .  , . .. ., . r ,  . , . . 
L ' .. ~ . , .  . c b n t r o l , e x i s t i n g  -unde r : t he~ .  g iven  .condi"tions f o r  

I , . . .  : . : ; i ; the . . t r i a l : - s i z e  a k d 1 i n l e t  :configuratfori~~selected.  

, . ,. 6.  : . -I.£ o u t l e t  - . con t ro l .~~gove rns  and.itheiHW.-5s h ighe r  ~. 

: 1 ::l::it~tha~,:.the.~.accept&b~e AHWj .;,;selectf-;a'):lairger t r i a l  
. s i z e  :and find.HW .as:i~stfucted:.:unde?':)Step 4b. 
( I n l e t  c o n t r o l  does  n o t  need t o  be checked, 
because t h e  s m a l l e r  s i z e ,  should;:~.b~!~atis,~actory . . - %- 

f o r  t h i s  ' con t ro l  a s  determined under S t e p  4a.)  
...!.A i , ,. , : f,.l... I :. :a>,:. ::.,.;,,::: ,, .i: : . ' , : :  ,,,.. :.: ., ' , "  :',rr.. . ., . 

7. I f  d e s i r e d ,  se lec t : ->an;  alternz&e':culv.&rt type'" 
shape and determine s i z e  and HW by t h e  above 

. . ,  .,. ,. . .. < * . ~ ?  :procedure.  
. , ,; , ,  

t h e  c u l v e r t  o p e r a t e s  -under  . .  . . .  : ;~nlet . : :control  ., . . . . .I . .. . 

s i g n  a t a p e r e d  i n l e t  fo l lowing ,  i n  
. . . , 
. I HDS-5, i f  an improved i n l e t . r i s " ~ d e s i r a b l e .  ? .  ,c: : :, : 

' % : , + : . J  , , .  . > '  . .,.. . , :. 

. 9. I f  roadway over topping  occu r s ,  c a l c u l a t ~ ' c a p a c i t y  
'. : : . .:. f o l l o w i n g  $ppr~cedures:...in,: Sec t ion .6 .3 .  4 ;-: rj*.:r~:..s !.?J..)~,,. 

. . . . 
: , , .' : 2. r,:, .! l:L?>.'!! :i;.:, "+:, t.! .i..!,: ., ,: "7%; "". ,::;. !,*'2, '::{t<>,:J ".;.,~3,.<::,, 

@: , , : i  2 0 .  I f  s t o r a g e  r o u t i n g  i s  c o n s i d e r e d  important&.f-olr6w 
procedures  i n  Chapter  l.9 . :-:',;;.:. : ' Z d $  . ,-.r;i h ,: '; 4;:i::; tiyj:, :,A T :t?, 

., . . 
+z .: 3 . '  .. ,,,,fi .;,, 'i :3! :, ..:;, : 

1 1  Compute o u t l e t  v e l o c i t i e s  . f o r ;  t h e  . , c u l h e r t  s i z e - a n d  
. . t ypes  t o  be  cons idered  i n  s e l e c t i o n :  --, , . . : .  . . .. ... 

,. . - .  . . . , a .  ,;.. I f : , .ou , t l e t  c o n t r o l  governs  i n  Step'zS, :calm-:.  
l a t e  t h e  o u t l e t  ve loc i ty -  using:,'Equationt:.6-1; 
I f  d c  or T W  i s  less t h a n  t h e  h e i g h t  o f  t h e  

. ~- . . , , , .. i-. , . ,;. . . . ,  . .  c u l v e r t - ? b a r r e l ,  u s e  .the:.:cr,oss-sectional, a r e a  
cor responding  to..:d: or TW? depth ,  .whichever . . 

C 
g i v e s  t h e  g r e a t e r  a r e a  o f  flow. The t o t a l  

, . .. ! , L c ross -sec t iomal ;  a r e a - ,  A,, .:of ..,the c u l v e r t  
. . .  . ... : :. - . .: .,. b a r r e l i s h o u l d  :not  - b e  exceeded. .- 

' ..' f 

, . .... . . b . ,  I f i n l e t  . con t ro l  goyerns . , in . :S tep  5 ,  t h e  ou t -  . . 
: I  , I ,  , -. .., , . , , , l e t  . ,velocit#:,can ,: b e  ... assumed : t o  equa l  t h e  mean 

,. . , . .. . .? ..J , , , . . .. , ,, ..zveloci;tp . f o r  --open.::channel. flow c o n d i t i o n s  i n  
. , &;the zha rze l  , computed byi..-!Ma'nn.kng ' s Equation.  

( s e e  ~ h a ~ t e & ~ ) : ~ , f o r , . t h e . ~ . r a t e  ..of f low, b a r r e l -  
s i z e ,  roughness ,  and s l o p e  of c u l v e r t  

<,> ?i' 
A 

. . .  .. . . . . , . . se lected,  ,:% . . : . .  . . S; ,. . , 
, . . ~. . . 



12. Determine t o  what e x t e n t  channel  p r o t e c t i o n  i s  
. . . . .  ,required..downstream of  :-the . o u t l e t .  (see Chapter 5)  . . : . . .  . 

. . Proper l&.s ized  . r i p r a p :  i s  r equ i r ed  : a s  :,a,:minimum. 
0 

. , .  13.: Record.,.Sinal, , s e l e c t i o n  of  c u l v e r t  w i th  s i z e ,  type ,  
, o u t l e t .  ve loc i ty , ,  . .channel  
nomic jus t i f ica ' ion.  

. . . .  ... , c :;. , . !  . ' .  ,.> , . . 

6.3.2, . . . .  ' , ,  ,:-.. . v ~, . 
, , : . :  

, . , , ,, . ; . c; : ., :.:. . . . .  . I  . . .  . . . .  . . I ? . ,  . .  . . :,.::, .:. 
., , 

I n l e t  c o n t r o l  c h a r t s  a r e  p re sen ted  i n  t h i s  manual f o r  t h e  
fo l lowing  . s t a n d a r d ~ , . c u l v e r t ,  t y p e s  :' . . ,.., , , ,. ,., . . . .  , . 

. . . . . . . . ' .  . , .  . : ,  . . . . . .  . . , , . ,  
. . . . -*Figure Numbers 

. . f o r  I n l e t  
. Standard "Cu lve r t  Type .:, : . ~. . . .  

~. 
C o n t r o l  Char t s  

. . . , ~. 
. . 

. ., . , . : . .  . . .  , .  . ,. :.i ( , , .  

. . .  C i r c u l a r  Concre te .  .Pipe : .  , , 6-3 
. C i r c u l a r  CMP 
1: 

6-5 
. . . . .  

,: Concrete  Box . . !. . . .  ~ . . . . . . . . . . .  . , . , :  <: . L  6-8 
....,.. . .  Oval Concrete  Pipe--Long. Axis. Hor i zon ta l -  : 6-10 

Oval Concrete  Pipe--Long Axis V e r t i c a l  . 6-12 
..., CMp Arch !. . ,.,;. .: .....::'...a .. : ":,. . . . .  ,.: ,: 2, , '. ! . .  %..,.. , , . .  . . .  ~ 6-13 

. . . . . . . .  S t r u c t u r a l  P l a t e  CMP Arch (18-inch 
0 

Corner Radius) 6-13 
>.Circular  P ipe  !with Beveled Ring-'.: ' : . . . . .  . . .  ,:6-16 

. ,  . , . . . . . . . . . . .  Concrete P ipe  Arch.:.  . . . . .  6-17 

Meta l ,  p i p e s . . a r e  n o t  "a l lowed u n l e s s  approved by - t h e  Engineer 
. . 

. . . . . . .  ... o f  . P u b l i c .  Works. , ! .  .. _ , r 
! , . 

, . 
. . 

' , , . ,,. ." . , .  i I .  , , . . ,,. . :  

I -The, fo l lowing  . t h r e e .  t y p e s o f  c a l c u l a t i o r i s  .can ,be performed 
using.  t h e : i n Z e t :  c o n t r o l ,  c h a r t s  

. . . . .  . " ', '<),,. . :  ., , 
, , 

1. . To de te rmine  t h e  !h&a en Q and s i z e  
f o r  s e l e c t e d .  c u l v e r t  type:  a n d , J i n l e t  . c o n f i g u r a t i o n :  . 

. . ,  
. . . . ,  . a .  : Use,ra s t r a i g h t e d g e  .. t o '  connect  thec;culver. t  

. ~ 

, ~ . .  ~, - : .d iameter .o r  h e i g h t ,  D i , .  s c a l e  and t h e  d i s -  
. . ,  , .  . . . . . . . . . . .  % ..chargei: Q i P -  sca le , '  :or QkB,.,for.,:box c u l v e r t s .  

. , .  . : :  . - ,l:.,., - ": ; r ~ o t e ! ~ t h e  point*:of i n t k r s e c t i o n  of t h e  
. . .. , , . s t r a i g h t e d g e  , o n ' t h e ' t ~ ~ P ~  s c a l e  marked (1). 

. . . . . . . . . . .  , ., . .  . . . .  , . .,. ' I i  , . I t  

b. I f  t h e  \HW/D s :- (I). : , r epresen ts  t h e  
i n b e t  c o n f i g u r a t i o n  used,  r ead  HW/D on t h i s  0 



: .. . s c a l e .  when e i t h e r  - o f  , t h e  'o ther  two . i n l e t  
.& .. ,:. . ,,, .  , . :: :coifigurat'i~ns"'list'ed :on t h e  nomograph i s  

. . / I  : , . , .  
, . .  . ,  

-us'ed,: 'e'xtend ' t l i e p o i n t  o f  ' i n t e r s e c t i o n  
, , , - obta ih ' ed . . in ' : s t&p :.'l.b' 'h0ki i .onta l ly  t o  s c a l e  . (2 )  

o r  (3). and r ead  HW/D. 
, - . , . .! >., ., . :..2,;>.k.;<:?,.: . ! tb!" ., , . . c.. . L ,  , a  , I '. . . , ". 

c.  Compute'  by. n i u l t i p l y i n g ' . ~ ~ / ~  by D. 

, . . . , . , , . , . . ( 
Note: The approach v e l o c i t y :  i s  assumed2;to b e  ze'ro 

by t h i s  procedure .  I f  t h e  approach .. 
. , , * .  ,,,,.::.; . "elocitF: *s'."&n&ide're'a' s'i;;JniflcanCt . i ', c ,<&, ,HW 

, . . . 
can be dec:reised' su'bt*=acting'. txe..'..'. .::' .. 

v e l o c i t y  head. 
. . .. , ,,#. : .  , . :  , z ,  ', 

2 To determine Q p e r  b a r r e l ,  g iven HW and s i z e  f o r  
,:. ~ . . ,  . i s e l e c t e d  c u l v e r t  t ype  and i n 1  

. . ,.>' . , . . , 
.., ~ , . .. ' i '  . . . . ., . . . . . .  ,.... 

a.  Compute HW/D f o r '  g iven  cond i t i ons .  
, < , , :  , . '. . ~ 
, , , , . , . , ,.. , .  <. .,. , , , 

' . , ,  
:! b. Locate  HW/D on s c a l e  f o r  a p p r o p r i g t e i l e t  A 

. , %  .$.. 

,..; c o n f i g u r a t i o n .  I f  scale'"t2) "0rL ' (3)  
s .. . extend  t h e  HW/D p o i n t  ho r i zon ta l1y" t  

J>r 2?. ..,: . .. .A -, . .. . .  ", 
(1'). . , :  .:, , . '  .- ,,,..,, ,....,. 

G ,. i i 
3 :. . ,: ', ,! - .. . 

. , 
, ,. c. U s e  a  s t r a i g h t e d g e  t o  connect  t 

HW/D'..scafe': j .;(btai'ned 
,.. .. . c u l v e r t  s i z e -  on t h e  f a r  l e f t  sc 
. ,  . .  o r  Q / B  a t  t h e  i n t e r s e c t i o n ' k f ' t  

' t h e  middle d i s c h a r g e  s c a l e .  
- .  .~ . -~;, ' . ,  . ,,,. . ,. -' . ,, . , . ,' ,. ' .., ,:i. . , . .  , . . '% ... . , .. .: .'''d. -.'. Tf QjB Ls in. 2c, :mul t ip l$& .B ' : ' . .  

- ,  of 'box culvert) to find *..!UI . , . I . ,  :,.. 

. : 3 1.:':; To ' d e t e r m i n e ~ c u l v e r t  . s ize  ,.  given,.^'," AHW;' 'a 'nd"type 
.>,- ' ,  

of  c u l v e r t  w i th  d e s i r e d  i n l e t  con f igu ra t ion : '  - -  

. b. . ' : 'Locate HW/D o n  t h e '  s c a l e .  f o r , : t h e  a p p r o p r i a t e  
:"inslet . ~ ~ o n f i ~ L r a t i o n  .a '.!.:yfi':.scale (2 )  or (3 )  is 

. . . ,. , ..UF&ed ,- :.&kt&& th$: H W / $ P ~ n n $ ' f i ~ r i z o n t a l l y  to 
, . . , scale (I,)',;"': : ;):;,.,?,' .,%. .. ' . '  , . . . ,  , ' t ' , , . 

:. . . '  :*c.:, ? .- use a s t ' r a i g h t e d g e  \tob'.connkct t h e  p o i n t  on 

C . . . . . . .  i. .:LC 'i ,. , L,,.;!HHWD. = k a l e  '(1.) ,obia=n&d. abov&-'with t he  given 



. , d i s c h a r g e  o n , t h e , m i d d l e  s c a l e .  Reaa alame- 
. , ' t e r : ,  ' h e igh t ,  o r  s i z e  o f  c u l v e r t  r equ i r ed  a t  . . . . . .  
. . . , .  t h e  i n t e r s e c t i o n ' o f  t h i s i l i n e  w i th  t h e  0 

. . c u l v e r t  , : .  ].;ize . . :scale , .  dh: ,,,., t h e  ,.. f a r  l e f t .  
, . . , 

, . , , " , , E ! . '  ,, 
d. I f  D i s  n o t  a s  o r i g i n a l l y  assumed, r e p e a t  

. , . . p r o c e d u r e  , , , ?  : ,, with* a.,.new: D. . ,  :.:: , , 
I . , % .  - ,  . . . . .  

6.3.3 OUTLET CONTROL . . . . .  
, / .  . ~ . .  . . . . . . .  .. , . . 

,,., ' . . ,~ 7 ,  
. . ,, 

. . . . . .  . ,, . .  _ , ,  , / , : ,. .: ..ls..5r.;.......t.:, 2, :,>;::: > .~ ., - 
O u t l e t  c @ n t r o l  .charts ," .are p re sen ted ,  i n .  t h i s  manual f o r  t h e  ),, . ,:., . . . . . . . . . . . . . .  .,., . < ~ , , .  . . . . . . . . . .  . I '  
fo l lowing  . , ~ ,  sta'ndard. .", . . c , u l y e r t  , ,.. .,, , t y p e s  , . . ,  : ,,$" , .,*~' 1 : .  . , . 

. , 
, . . ' .i . .  ' . . ' . .  

Figure    umbers 
. . . .  , , . *  1 , .  , . , . .i . . . .  

, .  , . 
. , *  . ,  , 

, , .  , .  , .  f o r  
. . . , , , . ,  , . . . . . .  . . J . '  

' _  II 2 , , .  . , . . . : O u t l e t  Cont ro l  
s t a n d a r d  c u l v e r t  Type Char t s  

. .  , .  , . * :., . . . . .  . . . . 
C i r c u l a r  c b n c r e t e  P ipe  ' 

..,. 
6-4 

:q C i r c u l a r  CMP - .,. , , ,. , , . .  :. , ,  . . 
,.. , .  4. .: 6-6 , , 

~ s t r u c t u r a l  . p l a t e  . C M P ~  . . . .  . . 6-7 
c o n c r e t e  B O X  ' , . . . . . .  . . . . . . . . .  . .  ~ . ,,. .. 6-9 
o v a l  ' conc re t e  pipe--Long Axis ~ o r i z  

, . 
V e r t i c a l  6-11 

CMP Arch,  , , . ,  , , / .  . ,, ', 
. , 6-14 

~ t i % c t u ; a l . , , ~ l a t e ~  . . . . . . . .  , . CMP ' ' ~ ~ c h ;  (10-inch,.Corney ,;, 

~ a d i u S )  , .  , , ! .  . ,  6-15 
~ b n d r < t e  , . P i p e  .Arch .. . . . . , , : r  .. 6-18 
. , . > .  " ., 

. ,  , . , , , ,  .~ & ,  " 

A l l  c u l v e r t s  s h a l l  b e c o n s t r u c t e d  us ing  r e i n f o r c e d  c o n c r e t e  
p i p e  un l .ess  a l t e r n a t e  . , materka1s:a:re ,.apEroved by . t h e  Engineer  . . .  
. o f  p u b l i c  .work;. . . .  . ' .  , ,  , , . . , , . . . . ,, ..; . , 

The f o l l o w i n g  s t e p s  o u t l i n e  t h e  u s e  ,of,  t h e . o u . t l e t  c o n t r o l  . . . . . .  I , , .  ) ,  . . . . ,  

char t s . :  ,' .. , .. . . . .  . . . .  . . 
. . . ~ . ~ . ,, . . i  ,, .(, .., ) 

1. To, de te rmine .H,  , ,  ,,, f q r  ;a giyen,  c u l v e r t .  . . . .  and Q: 
. . . .  . ,.,.. 

. ,  . . . . . . .  . , . . . . . ,  a. . Locate .  t h e .  , ._ -. a p p r o p r i a t e  . n,,orqogr.?ph ,,. . .for t h e  t y p e  
. . of  cu1,v:ert ; se ' ldcted,  Eind, t h e  e n t r a n c e  l o s s  

., %. . , . , , , , . '< , I " . . ,, . 
, , . cod ' i f id~ent , ; : ,  k .>,, f a z  , the in : Je t  c o n f i g u r a t i o n  

" , . A : .  , e., .... 2... . ,  . - . . . . . - - . .  , 5 ,.I, .I .:, . . . . .  
.. . .  us ing  d a t a  from Table. .6-1.:. 

_ . I . , . "  . b. ,. ' . - Begin,.nomogr,aph - . . \  , , ,. , so1,utiqn . > : .  ,,  b y , , l o c a t i n g  t h e  
. . . .  

. ,  , .,:,. . . .. ... . . p r o p e r  . s t a r t i n g  p a i n t .  .on. t .he, , length s c a l e :  . . (, >', -. 0 



* .  . 
.... 

. . .  C , , : ' (1 )  : I f  t h e  n v a l u e  o f . : t h e  nomograph co r r e -  
, . sp'onds t o  t h a t  o f  t h e  c u l v e r t  b e i n g  

' 

used,  s e l e c t  - t h e  proper  l eng th  curve  f o r  
., ., . , ,. , 

an ass igned  k va lue -  and l o c a t e  t h e  ~. 

p o i n t  a t  t h e  given c u l v e r t  
I f ' a  curve i s  n o t  shown f o r  t h e  
k , see (2 )  below. I f  t h e  n 

r t h e  c u l v e r t  f e l e c t e d  d i f f e r s  
o f  t h e  nomograph c h a r t ,   see^ 

, ., 

( 2 ) ' " ~ o r  'the.'n v a l u e  o f  t h e  nomograph and a 

.., ., _ I .  ,..' 

k i n t e r m e d i a t e  between t h e  s c a l e s  e: , . , . .  , , .  , 

.2'., . ,  . . . glven ,  connect  t h e  g iven  l e n g t h  on 
.., .. &djace%t s c a l e s  by a s t r a i g h t  l i n e  and : :,, . , ,.,,, ',:.<:'.,.,: . . s e 1 e c t . a  p o i n t  on t h i s  l i n e  spaced 

.. , . between t h e  two s c a l e s  i n  p ropor t ion  t o  
; " ;: ": the. :.k-;. . . .  

. . ~  ~ . .. , - ; r  ' 

/ i , ,  .. ' " ( 3 )  F o r  .a:',dif f e r e n t  roughness c o e f f i c i e n t ,  
. ,  . ,  , . . . .  .~ ~,... 

nl' 
than  t h a t  o f  t h e  c h a r t  n ,  u s e  t h e  

l e n g t h  s c a l e s  shown wi th  an a d j u s t e d  .... .. . ,.., . ,,: :Qd',~ .'. ... :; . >;': ,;,," t , :  .,>', .,.:.: ,.> t.. ' 
leh,gth L c a l c u l a t e d  ,as:  

, . > 1 , ; . 1 ' 

(See S t e p  2 f o r  n v a l u e s )  
. . . . . . . . :  . . .,,~. . ; .  , . . . .  4 ..'. . , i . : , .  , . . .  . . , :. . , 

c . .  ... Use a , . . s t r a i g h t e . d g e  t o  connect  t h e  p o i n t  on 
,.., , 

t h e  l e n g t h - s c a l e  t o  t h e  s i z e  of t h e  c u l v e r t  
. . .  . , . . , ,+ ,* barre1;:and mark t h e  p o i n t  >,of , c . ro s s ing  o n  t h e  

, ,  , . . , . , .  r :  .,..,. t u r n i n g ;  14ne;.,, . See,: S t ep r  3,,.for , s i z e  cons ider -  
a t i o n s  f o r  a r e c t a n g u l a r  box c u l v e r t .  

. . . .  . . ,  . ... . . . . . . .  : ,., ;. . . . . . . . . . . . . . . . . . . .  r .  ..;,.. . , . ' > .  2 

d. P i v o t  ' t h e  s t ra , ightedge. .  on t h i s  p o i n t  on' t h e  
t u r n i n g  l i n e  and connect  w i th  t h e  g iven  

, .,; . .  . 
, . . :  . . : .  . :.., L .  ..G ., . discharg,e , , , . . ra,t.e ...:;, , For. .mul,tip.le b a r r e l s ,  d i v i d e  

' .I :,. (. ‘~:.. . * , , .  , , , , .Q., by,  ,.. .. t h e  numbex,. of: barre ls : , ,before  u s ing  t h e  
....... c..,~:, . . . ,r.qn..i i..nom~graph.;., Re,ad:,, head:l.n f e e t  on t h e  H s c a l e  

, .  . a . , : . . , ; : . :~ . ;> t ,~ : , , :~ i !  .~, ...: ..,. loc;ated,on ' the, fagJ  r i g h t  .:, . Eor v a l u e s  beyond 
,.;') -,.. '. .:idL.) ::. , . the., , l imit,of,  f he . , p r in t ed ,  s c a l e s ,  f i n d  H by 

. . . . . . . I . .  ;,, :,: .:;,.: (.-: :: :.,solv8ing! . .. , the.:equation.::- . . a . . .  , .. 
. , , .' . . . .  , ,  ,., -4;; \ : . I : , , *  ....,: r ; : ,  ............... r '  - 



. . ,  .~ ' .  . . . . , .  ,. 
." . , ~ .  where: " ' " 

, , .. , . . .. , 

, . 
" .  . ,. , 

, . ~ .  , :  ' ,  , _  , 
'H = T o t a l h e a d  l o s s ,  o r  t h e  

3 ' .  . . . ,  . " .  
. , e l e v a t i o n  d i f f e r e n c e  between 

, , 
. . ,  , .  

.. . . , . . , & an'd DTW, i n  f e e t  ( s e e  . . , :. ...* . . 
. . . ,,. , : 

" ' 

' ~ i g $ e ' , 6 - 2  f o r  ske t ch )  
. . , . " . , . . " 1 : , ; ; , , .  $. ,.. 

, . ..: ' ,  

ke = Entrance  l o s s  c o e f f i c i e n t  ( s e e  

I . . .  , . 
. . ~ , . , , ,  

Table  6-1) 
. . , , ,  , . .>': 

~ .. ,. . 

, , ... . , 
, , . , .. . , ,. . , ,  

, . . ,., n . ="'Manning's roughness 
, . ,. ; ,  . , ,  . .  . ; r  

,, c o e f f i c i e n t  ( s e e  a p p r o p r i a t e  
. . , .. , . . . 

, - . . 
' ' ' ' . .  

culver t 'nomograph)  ~ 

. ,. , ,,., 

i . ,, . ,. , , ' ~  . , , .  . . . . 
" L."=~ . ~ a r r e l  l e n g t h ,  i n  f e e t  

~ . ,  . ." 

,.:., , ,,. ., , 
, !< , . R = Hydraul ic  r a d i u s  o f  t h e  

, . <  ., 
, . , . . , . . ,, .. . . 

. , . .  ;. ., ,..,,r: : c d l v e r t ,  ;,.; * '  ' . , i n -  f e e t  
., , . . . . 

I ,  . . .  .' . , .  I . . * .,:, 
, , . . .  . .. " = ~ v & ~ ~ e ' , v e l o c i t y  o f  f low, i n  . . ., . ~ .  J , . , , . , .  : ' fe@t2/ls&&ond 0 , , 

. , 
) .. , . g ,= -Acce le ra t ion  due t o  g r a v i t y ,  

. ' ' .  32.2 fee t / seconda  
. . , . 

2. V a l u e s o f  n ,  w h i c h a r e  t h e  b a s i s  f o r  t h e  nomo- 
. ~ 

, . graphs  ;.. : a r e  p re sen ted  on e a c h  nomograph. . ,.. . .  
- a ,  . " , , ..,' . . > , ! I  

: . .: ..,. . : .. . , , ' . .. 
3. . .  T o , u s e  t h e  box  ' cu ' l ve r t  nomograph- (F igure  6-9) f o r  
- : .  .. f u l l  f low.  f o r , ' o t h e r  than. ' th 'e .  c o n f i g u r a t i o n s  shown: 

, . ,  . .. . _.' 
. .  . .  

. , ; :  , , , , . ,o(: . i .  ,.ii,l . .. ,: " ;.. 

a.  Compute c r o s s - s e c t i o n a l  a r e a  o f  t h e  
, .  .. - , . : . . : . r ec t angu la r  box.. . , .  ~ . ' 

. . . .  , ,, :,. .r . . ; .  ;.,. ,. \<:,', ' ; :  ,. , ,  . :.,. .., 
. "  . 

. , 

-> .: b.. : Use-a, stra5.ghtedge-, t o :  &ne& t h e  proper  p o i n t  
, . . . 

, ' . ,  
+ . .  ,.(see' s t ep i ' l ' ) * -on ' : t he l  l e n g t h  s c a l e  t o  t h e  b a r r e l  

, .. ,,- a r e a .  a n d m a k k ' t h &  p & i ' n t . o h t h e  tu r t l ing  l i n e .  
:.,i. ' : , .'., . N o t e -  t H h t l t h e  a k a  $caLle:  o W i h e  nomograph i s  

, ,,, . , . s .:. . : ,  ~. d .  . cal~u~t~d~~or~~bai.re1~'~ross'~~sections w i t h  
, span B twice:the height ' .D;  .. ' i ts  c l o s e  c o r r e -  

spondence wi th  t h e  a r e a  o f  square  boxes n 



e n s u r e s . . t h a t ~ . i t  may be ' .used.  f o r  a l l  s e c t i o n s  
i n t e r m e d i a t e  between square  and B = 2D o r  B = 

. . , .  . . . :1/2D. ' * , F o r . . o t h e r  b o x  p r o p o r t i o n s ,  use  
. .  , 

, , d.a .. -: .l:Equatibn: 6-6 . f o r  more-.accurate r e s u l t s .  
-) $,,.f:t * ,-J\ : L... ' 2 ,  :.:<.::: -':- . .... .:.. <., 

6.3.4 ROADWAY OVERTOPPING 
. ~ ; . . > j ' . ,  <.,, ),:.,>-13 $.!,, '.. % . * ,  V % ! ? . ~ > , , ? -  .:A,. ; A,: '"?.  ,*." " . ,  . , . .  ... .- . ...: ." , . 

The~~ov&rall.'perEomance c u r v ~ . ~ ~ o r ~ ~ r o a d w a y  d+er topping . . . . j  , ., can be 
determined by!:ierfbrming. ~the':followi.ng s'tips .-. . .. 

~ .~ 

1. S e l e c t  a  range of  f low rate=,$a;id:.detarni?ne. t h e ' '  " 
corresponding headwater e l e v a t i o n s  f o r  t h e  c u l v e r t  
f low alone.'::: :T.he.se,:-f 1 d w : ~ a t e s  should fa~l-:abov&:.$:' 
and below t h e  des ign  d i s c h a r g e  and cover  t h e  

.s 
,. , ;,. r ' ,. . . . . , . e n t i r e , f  low- range ' o f  i n t e r e s t .  " B o t h  i n l e t s  aria " ' . ,  

o u t l e t  c o n t r o l  h e a d w a t e r s - s h o u l d  be' ~ a l c u l k t e a ' ; '  '', 

(see S e c t i o n s  6.3.2 and 6.3.3).  
~. :,,,.. . 

2. Combine t h e  i n l e t  and o u t l e t  c o n t r o l  performance 
cu rves  t o  d e f i n e  a single:.)performance curve  f o r  
t h e  , c u l v e r t .  

, , 
, '  > . . ~. . 

3. When t h e  c u l v e r t  headwater e l e v a t i o n s  exceed t h e  
roadway c r e s t  elev&'iion, ' o v e r t i ~ p p i n ~  w i l l  begin.  
C a l c u l a t e  t h e  e q u i v a l e n t  upstream water  s u r f a c e  

, dep th  above t h e  roadway: ' (cre .s t  o'r . .weir) f o r  each 
s e l e c t e d  f low r a t e .  use  t h e s e  wate r  s u r f a c e  
dep ths  and t h e  followi.ng equat ion '  t ' o ' ~ a 1 c u l a t e  
f low r a t e s  a c r o s s  t h e  roadway: 

, . - ,  
B ' , . ), . i ' ,  , . .  , -  , 

where : 

. I .. .r 
, .. . . Q;; = Overtopping f low , r a t e , .  i n c f s '  . I 

, . , .  .. . % .  . . . . .' ,~ 

=d 
= K C = Discharge c o e f f i c i e n t  

t r 
. . 

. . I ,' ..~ - . 

Kt 
= Submergence. f a c t o r  (from Figure  6-27, 

P a r t  C )  . . 
. . , , 

.:_I .;, i: i. . . , .. . , ,  . . . , ,. 

- .  C = Unsubmerged d i s c h a r g e  c o e f f i c i e n t  (ftom . . r . . ,  . . 1 ...&.. ;: 1 ,  ~ , . - ~ i ~ ~ ~ ~ , ~ 6 - 2 7 , . : : ~ a r t '  A-'or B )  : ., . . .  , 

:,, . . , .  , , .. , . . , .  



. . ,  
. . 

. ,  . ~. . . , ,  , L = Length of.  . roadway , cr&t., i n  f e e t  
, . . . 

., , . . % . ,  
. - .  
,. . .. .. . . , 

. . HW_.,= ~ ~ s t r e , a m , . d e p $ h  ,,, measured from t h e  
& 

. .  . .. ' , . .  roadway c res t  . to; , the. , ,water  s u r f a c e  
upstream 'of t h e  wei r  drawdown, i n  f e e t  

. . . .  ' ,,. , . '. 
4 .  Add t h e  c u l v e r t  f low and '  P P ~ W  

I , .  . , ,  ftlow, a t  the,: .corresponding headwater,+elevations :+to 

I I 

ob ta in .  . the  ,~ o v e r a l l  .... , , ~ u l , y e r t . , , ~ e r f o r m a n ~ e  curve.; - . . . , .  

! 

6.3.5. EXAMPLE. PROBLEM ., . , 2 , .  . . , .. .. . 
, ., ,:,, , 

. . . .. 1" , ' r .  

. , 
, . 
8 .  ., 

, . .. , . 
' .  ., , . . , ,  I , .  ' , ,  ' _  . I  , , . ! ' , ,  

Given . t h e  , f o l l o w i n g , d a t a ,  de s ign  a concre te :p ipe  ... c u l v e r t  
u s i n g  a p p r o p r i a t e  , .  , ,nomographs:. ,.:~ . . . . , . .  ., 

, . , . ,  . , . ,  , , , . ,  . , . ,.. . I.,. 

Q25 = 160 c f s  
, , . .. . ,  . . / ,  , ' , I . ,  . . .  . . : i  ;. , . , . ;  

, .. 
, u = 220 . c f s  - '  : . , , , . . 

. .  , QlO0.  . .  ..: ,: 3 1 . . 
:.. . . .. . i 

L = 200 f e e t  
. . .  . , . , , , .  

.;. :. . : ' i  , . i i i . , ' - '  , .  r : .  I .  i . r ,  

. . - : S o  :,? ,O.Ol~:foot / . foot  . .  . . ,  ., . . 
, . ,., >, . ,, , ,. , f r .  * . .  : , - . , , :,:,,, r..;: - 

. ~ 
,. , 

~. , , ,. . I '  . ' !  . . . ,.. , . , ".?) . : . . .  . ' . ; . ; - '  . . , , .  . 
. AHW = 10 ' f e e t  ,,-;: ,. . " ,,,, :,' ...,: 

' 
. ,  , ,,. , . .. . . , , > 

, , 

, , . ,  . 8 .  .. ~ ' , ,  , ' ,.. 
.. , , . 5.: .: ., , _ , I  

! .  25-year , . T W , =  , . .3.,5 f e e t  : 

100-year TW = 4.0 f e e t  
. . 

- Entrance  t y p e  i s  ,:a s q u a r e k d g e  w i t h  headwall ,  n = 
+ 0.012. 

1. S e l e c t  ., a . . t r , ial  .. , c u l v e r t ,  .. . , .  s i z e  .aSsuming HW/D = 1.5; 
t 'herefore:  

. . , . .  . . . . .  
. . ,  . , . : , . . . . , ,l. , . 

HW D ,= - = - = 
. ~ . . . , - .  1'5 . l o  1..5 . . . .  6.67 . f e e t , ,  

. ,  , , , , , .  ,. . . ,  , ,  , , _ . .  . *  ' 

Try a 72-inch c o n c r e t e  p ipe .  
: :  . , \ , , .  , . :  i , , . , . .: , , . , a <  :.., , Z . '  ' 

2. ' ~ i n d  the .  . actual,,headwater.,depth , .  , .., f o r  t h e  : t r i a l  
c u l v e r t  s i z e .  

0 



. . . . .  . , . . .  a. F o r  i n l e t .  c o n t r o l ,  , u s i n g  F i g u r e  6-3, u = L O U  

. .  , . . . . .  . . m c f s ,  D = 72 i n c h e s ,  g i v e s  HW/D = 0.85. 
,\4' , . : '  ........ ... 

(6 .0)  =,,5;.1: -,.. f e e t  
..,..,-,. . 

,. ., . 
S i n c e  5.,l . . . . .  feet is  c o n s i d e r a b l y  less t h a n  t h e  
AHWof 1 0  f e e t ,  t r y  a 60-inch c o n c r e t e  p i p e ,  
which  y i e l d s  . . . . .  HW/D = 1 . 2 3 ~ ~  ( f r o m  F i g u r e  .6-3) . 

HW = (1 .23)  (5 .0)  = 6.15 f e e t  

, . L.. . . .  ' - 3 . .  .;>,.', (."..."'. * '  

HW = (1 .70)  ( 5 . 0 )  = 8.5 f e e t  
. .~ . . . 

' 1 :  ' : .  . Ira..,. ' . . " ' , ,, .. ., ,. . ' :  . . F o r .  out le t  c s n t r o l , :  . u s i n g , ; ! ~ i g u r e s  6-4 and 
/ .  : . .  

6-20, m z ' 3 . 5  and 4.0 i s  less t h a n  D = 5.0 
. . . . .  . . .  ,feet. . ,  . . . . .  . . .  .. . . . . I . .  ., . , . , .  . , .  ,,,.. , . . *  ii. r . " J .  : :  ,,%<.. i L 

. . .... . . . . . . .  . : ' , \ d  ,:, ,! ,A,:? ! ; : . . I  8 : , i s . .  ..'..!I. I : ,." 

Er0m,.Table~6-1,:,k.~~~~=:,0.,:5,.-~Q;=~1.60 cfs, D = 60 
:I . . . . . .  \ .,., . . . . .  

'' i n c h e s , ,  y i e l d i n g  5 = 3.6 f e e t  i ~ i ~ u r e  6-20) .  
c - 

/?, 
,. . ', i 
I , .  , ., ,- !.. t: ,, <! ". 

L .. . s i nce  d" "i'$ f'&-=~g:;Eh'a;l.. = 5.0 f e e t ,  h  ' i s  
C d e t e r m i n e d  :u s ing  E q u a t i o n  .6-3: 0 

. . ,  . . .  ............. ' . .  . , " . .  >' 

.... . . . . .  ...... 
3.6 + 5.0 

j . . . . . . . . . .  . : h b  = 2  , = 4  .-3 ., feet 
, .~ . , 

. ,  1. . . , ., , ~.~ , . 
. . . ,..,: , . ' : . t rd  . , ~  

From F i g u r e  ,6-4;,-. H = 2.2,. .feet:., Us ing  
. .  quat ti on 6-2: 

HW = 2.2 + 4.3 - .(0.01) (200)  = 4.5 f e e t  

Q = 220 c f s ,  D = 60 i n c h e s ,  
g i v e s  d  = 4.2 feet ( F i g u r e  6-20).  

C 

S i n c e  d  i s  less t h a n  D = 5.0 f e e t ,  h  i s  
C 0 

d e t e r m i n e d  u s i n g  E q u a t i o n  6-3: 

- 
ho - 4 ' 2  + 5 '0  = 4.6 fee t  

2  

From F i g u r e  6-4, H = 4 . 2  f e e t .  Using 
E q u a t i o n  6-2: 



- , . . 
, . HW = 4.2 -+':4.6 - (0.01) (200) = 600 feet 

. . . . .  . -  . . . ,,. , . ,  . . . 
b 

c. Flow Headwater (feet) 
(cfs) - Inlet Control Outlet Control 

. . . ,. , 
. , .  

. is,:.., .~ '. ., . . ,  , .  . ,  

. . Since the headwater depths for inlet control 
.... . . . , . . . .  : , - ,  . . :  are .greatest! untler both Q and Q 

2 5 
flow 

conditibis , iniefk.control governsl?fow 
through the culvert. 

, , . , .  : . . ' *  6 . 
3. A 54-inch pipe would be adequate for Q but 

. . . . 
, . .... since. HW =:  10.8 :.for ;Q . ...,, : it..jiswiot se$ected 5' 

, . ,,. . , .  : . . . . . . . . .  .. , ; i  - , 100 ;;,' I ,  ' - .,, , 

4.. Compute the outlet velocity. 'Since the culvert 
..1 
4 will operate under. inlet control, use.Manning's 
. , ; $ .  Equation as“expressed':by "~~iiatioi 5-5 : 

. . 
. . 

. . . . . .  .~ , > . ./ . . . . . . . . . .  . . . . . . . . .  ,..,. , . ,  ,; , .;, , . , . , .: .; . '  , .  <. 

. . .  . , .  , . i d  , ,, , - . 4'rf .. - eetlsecond 

,:..Since l this 'velocity exceeds permissible velocities 
fbr bare soil (see  able 5-21, erosion protection i . , 

.:. :is required ':(see8 ~ia'pter '10):.,,'.- ~. ': 
, .  . r t .  , , -  , . . , , .; k:' ,. ' 



: . .  ,< .._, .... 
T*16 ,, 

.. . -, 

. . 
CULVERT ENT 

Entrdnce 
, , ~ o e f  f i c i en t ,  . k 
., ; e , , 
, !  . . 
,, -. .,.,. :.,. .-** .< ~... 
. 3  

pipe, concrete . . , .p,.I., .-.*-- ,..,. ,-.u+.~~,-u>d nai.: ,i . , l :ir-~;~~~k-. '  . ,', . 
, .  , , > . , . ~. ,. . , , . ,<,,. ...?. . .-a .... 

Projecting from f i l l ,  socket' enb.'lgro&edendp., ',--*-w~ 
,--.*...,. :sA, *  :. <.<* 

0.2 
Projecting from f i l l ;  s@. .$uf:end 0.5 

! I .!,id"' A* ; 
Headwall o r  headwall andi wingwalls ; .;.!..o.':3 . , 

Socket end of pipe~gro'6ve-end) ,, ,-  - ,  
. ; C . ~ ' : , ~ ~ C , J ~ ~ ~ : >  , .  ; . . 0.2 

Square-edge . . i -... .-.":."""'." ."."-"-. ."-."" *';?--.. "" 0.5 
Rounded (radius = 1/12D) . , :  ... ..: 0.2 

Mitered t o  conform t o  f i l l  slope ,a:,,,.-. . , 0.7 
End-section conforming t o  f i l l  slope .,, ,: 0.5 
Beveled edges,; .33.7O o r  4S0 bevels. , =i ~ . 0.2 
Side- o r  slope-tapered i n l e t  0.2 

. , . , . Pipe o r  Pipe Arch, Corrugated- Metal ,.,. ,,,::: -,,,, ,~ ,,., .,,: 
:*., . 

., . . .LA: %,., :s<,s..! ., ' 
' ' 

Projecting f r o m f i l l  (no headwall) , . - - ,  

Headwall o r  he=dwall and wingwalls sqaare-edge 
Mitered t o  conform t o  f i l l  slope, paved o r  

unpaved s lope ,...- 
d ..,' a ..,>.. : .  . * .  

End-section conforming to-.fill-.slope ,(* . . 

Beveled edges, 33.7O o r  4S0 bevels -, .-.. , . ,.. , . +  

Side- o r  slope-tapered i n l e t  .I:.: 
Box, Reinforced Concrete I> , .. 

. .J ,,,. ,,.,'. ,, . .- . - , . *.. n..r,-" 
*,,,,.~% , . 

~ e a d w a l l p a r a l l e l  t o  embankment (no. . wingwall=) .. ._ ,..-. .~ ~ ~ u a r e i e d g e d  on 3 edges ,.,,. 9' 0.5 
~ounded-  on 3 .,edges,~to-radius .-of'-1/12 bar re l  

dimension, o r  beveled edges on 3,.!kides 0.2 .., . . 
Wingwalls .a t  .-30° - to  75' t o  bar re l  ,. ;-''-. 

> . . .  I .. . ?>',,.< L,<X,~. ."' ~ . .  , 

a.t. cr :":".." .-. '".-.*. < 
I . . :;;"&>,<.J .... 0. 
! 

0.4 
; ; Crown e d g e  rohnded t o  radius of " 1 / 1 ' 2 - ~ ~ ~ r r e l  
I I 
, . dimension ,. .or: beveled .,., to? .?dge,.$ 0.2 
! Wingwall a t  10' t o  25- t o  bar re l  d 

'8 : 
j . , Square-edgedat crown 0.5 
!: 
: Wingwallc~parallel., (exte 

.,square-edged..at crown 0.7. 
1 ! Side- o r  sX.ope-tapered i 

! 
0.2 

. ' . . . . ), 

! 
f 

i Reference: USDOT, FWA, HD 
; i 
i i , . a 
, t "End section t o  f ther  metal o r  
b concrete, is the section c o  anuf acturers. From ' 
' : > - .-, ,. . ., ,<. 
i i * limited hydraulic t e s t s , ,  the secti0.G-are:equlvalent i n  operation t o  a 

" headwall i n  both i n l e t  and o u t l e t  control'. End sections t h a t  . . 
incorporate a closed taper  i n  their..desi ' v e  a superior hydraulic 
performance. 

~.~ 

/003b . . , . ~ , . , 6-21 , ' , . , - ,  

. . ~  ,... , , . ; . ,  , . . ,  . ... . ., ., , / ,, . , .  ,...,...,*, , ..,, . , ,, , * , , . ,  . :.. . .. , . 
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8. Tapered 

I ' ,  
. . .  . . :. 

.*..' '. ) ' .  - 

. . .  . . . . . . . .  , . 
. . 

. , ,  . . . . . . .  .. 8 ~ .  <, - ~ $ , ~ ,  

. . .  . . 
. . .  

. ,. 
, , .  

h $23 . . ,  i s ,  . I , ! .  , .  . _ _  . I 

.',:!#,i<;* ...c!ila 5:k..,24: ',.,, . . . .  . .  ' : ,  : . . . . . . .  . . 
. . . . . . . .  ,. , .;-.,j i:r:,:cb*<p : .Y . , , . ; . : *J<*~ , .  ;, . ( 

FIGURE 6-1 
General Culvert ~ e s i ~ n - , ~ l o w  Chaqt 
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Reference: USDOT. FHWA. HDSS (1985). 
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IWetemx: USDOT. FHW4 HDSS (1585). 
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Gutter and Inlet Hydraulics 
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- 
.,, " , .Ti$..,? <.v>::".*<iw , p  ;:8";f,s>7 . , i y n .  .,,,*, ..c- : ;,. -. .xs~+p;;.;,fi:: 

The f ollowi&g~'!desfgn~"~riter~,a I . , ' .,. Are' factors t o  consider ,fpf 
. 5- , . ;..i . :  F i i t ~ ~ , . b i i ~ . . * 3 ' , - ,  gutter and inlet~capacity"calcul'atlons: 
... , ... ..<, ".., .. ,., *-. ",?)>,., ~, ' 

1. Return period : , . .  : - .: . 
- 

2. , . Spread ~ ~~ 

, ,>.,,. . .., , ' ' ; , ; . , . < ...; >iF bar.: ...- r e , ,  

3. ~ann~n$,s:,n. values , , , . 
./ _1 .. .- ..., n,.; 

.,. < l :I ' ." :Jv* ,..:!:t;; ,! .,,.,. t i2 ,::,. .~:, !...:*..4,;-,,~:!*, !I, 
4 . Longitudinal";slo~e ' ' '. ' " ' ' . . . 
5. Cross slope , . I . .,. 

, ,:.,>. ~. ~, , ,". 

6. Curb and gutter sections ,.. ...si.s..:.,:a.: , , " ,,. 

, , 

The design storm return period,:for..payement,.,drainage. . . , .  ... shall' ,. 
be consistent with the value &;i&crj&&"-;";io2:.6eheriiEo'kbi;nehtk" 

TI of . , the drainage system,.,as, follows; 
' L' 

,,. . . 3 %  : : + ;  ; .,.<.,.a :.., .>,-*  %. .<,.,.~, :>,.id .d !. .L%<'' : ::. id$.?,.  .:k;.i;::.. ,.>-.,3*::.A'd:.~::"* - ~ 

<: . <', , . , . C , i . a ;  , , , , ' ' -' . L. ..;.;.i,.. . . ' .. 
. ~avement"ii6ohing. shall.' liot'.'exceed, the, sprea$':&$t?cif led, in.' : 

..>. ., section i ; z ' .  dsgPg;,.:s.of;n: . cej;Ai.t'ibns.;: . . . , .... ' :; 
. ~ 

;..a,, ; " .... l:&ii..:,.:, : I:&:..: . " . . 2 i , r .  

.7.1.2 SPREAD 
. . 

Spread. is defined as the width o f  water ,,tra,nsported on the 
.:.,, ..4 .. .... d l  , ,. .: f ?  *>',.,> .,'. , : 2:: 

pavement.:measured"~from~,the ..,...- ..-, -'.,+. . ,. . . t:s .face a; ".,*,A !:,, .of . .:;.,: "the. curb&,Zo,r L.road"ays 
>.%,! @a ,:> a 10 ,..*I -loot ! ':spread ;ha1 1: hot. be ,c,exceeded~du,ri, .$t;'e *&si& . . ,,*,,.: ..* ,,..,: >,  .; .,. . v . i  ... ~-: ..:. ,..? c: 

storm. where ' streets.-are ztp$oved ,yl,th :.a ;t;tiil: ;l,an= "%idt.h ' '' 
, , , d . , "2 ..,.i . .&.. : . A 1  

of les&':'thdg ..12..ife='t, ...& &JfdOt maximum wlll,.~b~:"". !.,'..* '..i 
. ..:?:'.. ,.IB-;.:, ,;-,. :., . ,  ,?.d *<. .,:::<.*.,.A :: !+:.I ,, >. .a ";,';,.,';.:I .i,,'+ 

allowed. . .,. 
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Curb and g u t t e r  fldw c h a r a c t e r i s t i c s ,  including spread,  
s h a l l  be ca lcu la ted .us ing  - .  , , , .  a,,minimum Manninglsn value of 
0.016. Higher design .-n~'.-value&".& be ' required by t h e  
Engineer g f  Publ ic  Works ... where small  slope,. , ,unusaal 

6 .+......*.. 1 ..'- , : . . . ,  , . ..,# .>.. , . : / .  I )  roug'hneks, o r .  sediment. a r e ,  'present;:". , .. 
.'.:,t,:..'., .> :. . - , .  ,' . .  , . . . . . . .  i ,  , .. ' .  

7.1.4 LONGITUDINAL SLOPE 
2. 

1'. E ., , ." 
Curb and g u t t e r  long i tud ina l  s l o p e s  s h a l l  .noi.exceed ; , ) . . )  '. 
1 2  percen t  o r  f a l l  below 1 / 2  of ~l"pe'rcent.. '~"':. . ,  . . . , , . , . , , . , ,; . 

& .  , . . .  . . .  7.1.5 CROSS SLOPE . . .. 
: I  ;.. . . . . . .  , . , 

. ,  , , 

The des ign of pavement c ro s s  s lope  on ' res ident ' ia l '  , . streets 
s h a l l  conform t o  , t he  s tandard roadway ' s e c t i o n s  provided i n  
t h e  s tandard  drawings (see Appendix 3 ,  bdiind"'"separately) . 
Shoulders should -general ly be sloped t o  d r a in  awax f r o m t h e .  . . .  

',i . . 
2. . ,  , 

: pavement, except wi th  r a i s ed ,  narrow medians: 

. . , , , , .  " .  ' ..~,,<+;.. 
Concrete curb and g u t t e r  a t  the '  outkid='&$= of pavehe~Gs is 
normal p r a ~ t i c e ~ f o r  urban r o a d w a y f a c i l i t i e s .  Combination 
curb and;.gutt;r:"s&&~$ons may b e  2. O,':or '.2;'.5. .feet, " i th  
a 1-inch per  f o o t ,  , : , .  , .  c ros s  s lope  f o r  t h e  g u t t e r ,  , .,: , por t ion  of t h e  
s e c t i o n  consis te i i t  ~ . . , .  . . , .  with th&'s tandarddrawings  .(see,'Appendix 
3 ,  bound sepkkately) . . . .  , . Curb and g u t t e t ,  . . . . . . . .  capaci t i&s"f  , .  , ,  , o r  
conveying pavement drainage to. ,  t h e  stormwater .... . i n l e t s  must be 
considered  . if i '"th&  design^ of t h e  roadway. d l lowabi& g u t t e r  
flow r a t e s ,  sha l l :be .based  on .......... a ,( g u t t e r  c ro s s  s l ope  . o f  , , . . . .  . . , .  

0.5. ihch.p&r'v;fo6t io':,acddunt , ,> ,: .... for ,  ,:,. . . . . .  p o s s i b l e ,  d e b r i s  'and :. ' , 
, " ' . "  . 

sediment accumulation. 

7.1.7 INLET SPACING 
. , ,, .., . . . .  ,.;' . , , , , :  / . ., 

I n l e t s :  . . . . . . . . .  sha'il'. bk.'.l&dated,;,,or ; , ~ p a = ~ d  s o ' , t h a t  ' a t , ' l & a s t ,  80  p&-: ..... 
cene"dp',t,'e ':gGttel ;*iow 'is ; i..nce=cept.&d:' (i,.e'i.,' . " ' *  ' 

.: 

, , . -  , . ! . - I  ,*,.. no .more"'than : ,.. ,: 
. . . . . . . . .  

20 ..% ,p&c&r;t' . . ,  . &f t h e  .. , gutte=','f'lb;6 .- , .2.h~> 'mhy bypass: . the1 , in le t )  . . . . r . .  . . . "The i , 1 .~. ~ ' 

maXiinuri;, 2 ; s ~ ~ ~  ejdf 3.>lghGit~dlnal. ,.,-drb -!and guttej+ . . .  , ., withoue .,,ll;yse , S  jxti~.eji~.,gh.l'f, bg: 3.00 fret., - A 

. . -, 
. . .  

., , . . . .  
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No flow w i l l  be a l1owed to : c ro s s  . . . .  i n t e r s ec t i ng  streets unles-s 
<. . 

approved .by Engineer ,of public work-&. Curb i n l e t s  w i l l  not. 
be . . . . . .  .allowed - . ;within. . . . t h e . r a d i i :  a t  . street::intersections..,':i..;::. t x , : 3 .  

, . 
;; :,.. . 3 : .  v .<,,? ', c... ., r5,1,z';r .,.:,, . . . . . . . . . .  . . .  . . .. . . . . . . . .  .-, . .  .,a . . .  l . .  . .  ,: ". s* 3 .ll 

Yard i n l e t s s h a l l  be desisned t o  i n t e r c e p t  the. t o t a l  des ian  
flow approaching t h e  i n l e t .  S tandard  .,grated s t r u c t u r e s  m a y  
be used, but  open-top structures;+. will. '-not' ~be""al1owed. 

,. . . . 

7.1.8 ROADSIDE DITCHES 
.' .,, 3;. .,." .,.. - .  ,, 

' ~ l l  new roadways w i l l ,  r equ i re  curb  and , gu t t e r  t o  conform 
wi th  t h e  ~ubdiu i s$on  ~ e g u i a t i o r i s  of"the'  city . ' o f .  Huntsvi l le;  
un l e s s  curb. ,and . . _ . . . _ . .  gu t t e r , . . i n s t a l l a t i on ,  is ,exempted by t h e  
Planning ~ommlsslon. ~ h d r e r o a d s i d e  d i t ches  a r e  approved 
along , the roadwax., bx:..the. Engineer ,of ,.,Public .Works, t h e  
des ign c r i t e r i a  s h a l l  conform t o  t h e  s tandard roadway 
s e c t i o n s  a s :  shown! in.  th&?:standard .drawings (see  ~ ~ ~ e n d i x  3, 

'bound separately;).  Where prac t i cab le ; , , the  flow from 
I : ' upgradient  a r e a s  d & i n ~ n g  todard curbe8 .highway pavements 

~~ - 

r. should be i n t e r c e p t e d  a _ . ,  by d i t c h e s .  ' . . .  . . . . .  . . 
. . .  . ,>' .,.<>I' . . . . .  #.! ~ ,. , .  , , , . , ,* .', 

:,t ..,.> , , t '  : ,;>, :. . , t  3:. :,:..,a, . . . .  ..... . . . . .  ....;. ,; , ,2.,s!i::!$ ,..: :.I 1 h ,. .: : 
Roadside ' d i t c h e s  can be' used . with , .  -uncurbed ir,oadwa~2secti,onq. 
t o  convey pavement runoff and upgradient a r e a  runoff t h a t  
d r a i n s  'toward t h e  pavement. Thex: can,, be irused ..:in.:;c~ii~~~~sec- f 

t i o n s  , !depressed . sec t ions ,  and o t h e r  loca t ions  where 

s i zed  using open channe l , . . h~drau l ic  . . . . . . . .  c. procedures  presented i n  
. :*':,',, Chapter 5. , . ~oads ' ide  d~ainag$~'structur~i"shal~l' be' -designed 

t o  .minimiz.e; hazards t o  veh ic les  .. . that :  , leave,,  *.. . 
roadway, (see.. . chapterl  3:, :~ection:i3.6);.. . . . . . . .  ..:; 

. . . .  

7.1.9 :BRIDGE DECKS 
. . . . . .  . . .  , . .  : ,  ; +  . . . , > '  ' " . . .  . .  ., , . , ,  , . , ,  

Drainage of br idge decks. , - is  s i m i l a r  - t o -  o the r  curbed roadway 
s e c t i o n s . ,  It i s o f t e n  less e f f i c i e n t  b e c a u s e  c r o s s s l o p e s  . j. . z  .< ",,. ...... %. ... . , :.... .fi. 
are ' ."klat ter ,  . . . . .  : ,parapets .. . . .  i. .. c o l l e = t  . , t  , ,.debris,,, ,. . , .  ,and::sm&l,:iriiets on 
scuppers  :dave. &.;higher h d t k n t i a l  .fGr cio<;jingi.thG curb- 
openin'g:in,lets .,,,,?~ridge; deck constructibilit~!~usu~lly 
r e q u i r e s  a constant  c ross  s lope,  s o  t h e  gu ide l ines  i n  
Section..7.1.5.:do . no t  apply'.+ Because :, of ..t the,:&i*fidLlties i n  
proqiding'.-an& &i"t&sni'n@?adeqtiate "edk,fd'&in8g$ sistems, 
g u t t e r  flow f rom roadways ' s h a l l  be in tercepted  before  it 
reaches  a bridge. 



HUNTSVILLE-SMM -lY% 

I 

1 The fol1owing:form 'of Manning's, Equation "shal1::'be used to : 
evaluate gutter flow hydraulics: 

I , . ,  . , . -,., ,. - .  ! ; . . . .  ,,. . . .  ,.A# . .  : , , , ;  , - ,  , . ,  , , 
i , " ,  , , _ 

. .  c -  . , '  , , ,. , , . . . . . . . . . . . . . . . . . . . . . . . . . .  , : ' 4  ,' . +, , .,.,.. ~ , ,  , ,.,,.,\> I : .  -. Ti ' i  8 ? : 
' " ' " 0 . 5 6  . , 513 ' '  ' lL2 , 813 . , 

. . 

. L;..:,Qc::,= : , - , s , , . : : . . . .  i - 8 .  ; (7-1) ,- 
n x 

. . ' . L .  . . '  . . . . . . . . . . . . . . . . .  I ,.. ..... . . .  where: 

... 
, < x ,  . . .  , . . ' - -  n'.= ~anning% rolighness coefficient, : 

. . . ., 
, . , .  , , t . . r , i  ' :  . , , , .  . .  .. ..:. ,:,, . .  . .a  .... , . < 7 , .  , ", . ., . ~ : , , , .  , :.,o ,, ,, ' . ' .  ' , , ,. 

x- = ~avementcross; slope,: in,.feet/,foot . ' > :  .' ' . 
. >  . , . . .~ 

, L ,:. , , , .  : ., ' , , , , , . " ' .  : ~ '  . , - 
~. . . ,  

, . . ... . .  ,. . ,  . : . ~  .S = ~oncjitudinal.,,slope,..in fiet~foot , . 7 : .  

. , . . . . :  , . .  . 
, .  . .. , , . / + _ , . ,  , 

*,.' . 4 '  . I  . . , , ,  
, 

. . . . .  , , .  Width , ,  , , ,  -of ,, flow. , . . . . . . .  or.., spread, . # ,  . inif , -  . ,  eet., ,: . , 
. . . . 

. . . . . . . .  .>, . .  ~, . . , 
, .. :: A nomograph for solving ~~uation' 7-1 is" p&&hted in.',. ' . .  

Figure 7-1. ~anning's n values for yarious pavement . . 
surfa~es'.&r&.:@resentded in 7.'1 1 '., . . . . . . .  ,.,;:. . .  .4 .. 2 . . . .  , !, 

. . .  -. , . % . . ., . . . ~. . , ,  : .. 
.-,~iii.i i .3 ,.:. *J:; i:-,;'i :.- ;  . . , .  . .  ..,, . .  ,; ' . ' . , ,  . ; * :  : .... 

. , . . . . . .  7.2.1vrt-UNIFORM CROSS SLOPES.'. 9 : .. ;-'..j . : i . , iA, 
i : . ., . ,  , , . ~. 

. . . .  , # :. , . , , , 
. . . . i i ; ,  ,. ' , '  ' . . , 8 .  ? .  . . , , ,. : , I . ., < j , ' ,  .' 

The nom0grap.h ,,, in,,Eigure 7-1 . , .  is..used."ith.. the ,fdllo"ihg. . 

procedur'6s . .  l l .:m" ;td ''find gutter.capacit~., . . . .  for uniform c~pss -slopes: 
:I... . ~ ,  .... , , . . ,, . . , 

, . ,  : ; , , ,  
.. ' a ,on~?l., ." .. C n :  11:iAd sp&ad,,lgi+in gutter ' f ' 1 .  

. . . . . . . . .  . , a  ;, ,,, : . r .  ,.;. C ! .  > ' . . . . . . . . . . . . . . . . . . . . . . .  

1. ,.Det'ermine input parameters', including "longitudinal 
slope, S, cross -slope,, X x ,  gutter- f low,.'Q, an&- 
Manninals n. - , . .  . 

, , . . . . .  
2. Draw a line between the S and Sx'kcalek and note 

, . where it, intersects, the .turning . line. : ..,. ,:: ..,;, .., - . . . : . . . .  ,. ,. . , . . ,  . , ,, ._ . . ' "  . 
. . 

, . . , .!, ;.:. ' 

, % 3. . ., : ,. .'dr&w :a' line between the iikei%&ctlon "point jiAm' : : 
' :Step 2""and~'the"appropriate 'gutt=r :fkdw; value: on . . ' *  , 

. . .  the....+apacity :scale. . ~f .$'is 020  
! .Q:from:.Step (l;.:.if: -not, .use the:.product:"of .':Q 

. , " .. _-.: , . ,  ,, . '! '-.,:.,.,. .: . , ,  .... , . . . .  , ,  t , . . .  2 , : , . ,., . ..."..... 8.. . . 
, ,.$. :, ,Read,'the,:,value o f  the spread,:, T,j,at,!the : in . . 

,the line . ,., . . . . . . .  fqom, Step,;3. ......... ,and:?the. . . . .  spread, . . . . . . .  scple,. . . 
. . .  , , . , . I . ,  ' . 1 , .  , , .  . , . ' ' L : , . , , ? '  ' 0'" , , . . . . . ,  . 

, ,, . .  I . , , . . , 



. Condi t ion 2:. Find g u t t e r  .flow,: g i v e n  spread.. 
. . . . . . . . . . .  'C . . . A , .  . .  . . . . . .  . . . .  . 5 ..' , , , . , . ' 

1. , ' Determine i n p u t  parameters ,  i nc lud ing  l o n g i t u d i n a l  
. , . .  ". ~ . .  - -. ,.slope:, S,, , c r o s s .  slope.,j .  S , . :spread., .  TI: a n d .  :: 

X Mann'ing ' s n . 
. . .  2 .  Draw a l i n e  between:-.the. S and S s c a l e s  and no te  

X ' 

where it i n t e r s e c t s  th 'e  t u r n i n g  l i n e .  
, . . . ,. , . . 

' . . , , . , , _ , . . ,  , 
. ,~ . . , ",?./,. . ,  . , . . . . , , ++.* '. 

:, '3 .)' ,. t i r a w  a lirie;.between. the:intersection.:.point from 
S t e p  2 and t h e  a p p r o p r i a t e v a l u e  on t h e  T s c a l e .  

. . .  .: Read. t h e .  v a l u e ,  o f ,  Qc.or:,Qn +from-:. the, :- intersection cf , , .  

. . . :.,,.. . t h a t  l i n e  on: the:!.capac2ty . s c a l e .  . ~ :, . ,., 

4,. : , .. For., Manning's n .  v a l u e s  o f - 0 . 0 1 6 , ~  :.the . . g u t t e r  
.. . . . . c a p a c i t y , :  ,. Q ,  from- Step.  ..3;,is. s e l e c t e d . , .  F o r  o t h e r  

Manning's n va lues ,  t h e  g u t t e r  c a p a c i t y  t imes  n ,  
Qn, i s  s e l e c t e d  from S t e p  3 and d iv ided  by t h e  

.,- ._ , , .. ;, . a p p r o p r i a t e  n va lue  t o  giv-e, t h e , g u . t t e r  c a p a c i t y .  

c Allowable capacity. . ,data f o r .  Hunts.vi.lle..~standard::curb.-'and 
. g u , t t e r  f o r  r e s i d e n t i a l  : pavkment, s ec tgons  - a r e .  p r e sen ted ,  i n  
Table '~7-2. - ., Table:,7-2- p rov ides  . a l l o ~ a h l e : g u t t e r . ~  c a p a c i t i e s  
f o r  2.5-foot cu rb  a n d  g u t t e r  s e c t i o n  us ing  a r e s i d e n t i a l  
pavement c r o s s  ; .s lope of,.. 0.025.6 : foo tXfoa t  .and. a ,maximuml ~ ':>. . . . . . . . . . . .  - . . . . . . .  
spread  of 10 f e e t .  ~ h e s e ' c a ~ a c i t y  d a t a  s h a l l  a l s o  be used 
f o r  2:..0-foot, curb.. and g u t t e r  s e c t i o n . .  When. the-roadway or 
l o k i t u d i n a l  s l o p e ,  i s  known,. . the ,allowabl&:..grrtter c a p a c i t y  
can b e  . .es.timated d i r e c t l y  . fr~m-.~.Table:. 7 ~ 2 .  , . . . .  

.,. 

Figure .  17-2 c a n .  be  u s e d  - t o -  f i n d . .  t h e  f low.: , in:an~.composite 
g u t t e r  , s . ec t ion  with,wid,th,.:-  W,::;: 1es.s t h a n  ... t h e .  . to ta , l  sp read ,  T .  
The;,following s t e p s  a r e  u s e d  , t o  eya lua t e . :  anx.: composite 
g u t t e r  s e c t i o n :  . . . . . . .  I"< ,., ..?,; ' .  , 

., . , ,  , ,  

Condi t ion 1 :. Find spread ,  g i v e n ;  g u t t e r  ofl.owT. , ;,: .. 
> . ,. . , ,  :* , " 

,.,,, ', .t : , '. ,. -,. , . . . . .  : ,<*. ^,., ; , . . . . . . . . . . . .  , . 
, . . ,  . . , .  , , . . . . . .  !::- ~ , . 

1. Determine i n p u t  parameters,,,, i n c l u d i n g 2 . . l o n g i t u d i n a l  
s l o p e ,  S, c r o s s  s l o p e ,  S , depressed  s e c t i o n  

C . ,  

: . s l o p e , :  S .  , depressed ,  , secf ion .  width:,. .W:,: Manning's 
W . , . .  .,., $ .  . . . .  

, . 



n,  g u t t e r  f low, : .Q,  and 'a - t r i a l  va lue :  o f , : t he  , .gut ter  
c a p a c i t y  above t h e  depressed  s e c t i o n ,  QS. 

. . . ,. . ,  , , , , , . .  . ,  
, . , . 

, ,  ., ,. . ,, .. . -. . . , , '  ,.,. . ,... , ., . . 
0 

2. . C a l c u 1 a t e : t h e g u t t e r  f low i n  W ,  Q . . '  u s ing  t h e  
. W '  . 

equa t ion  : . . , . . ,  , :  , 

3.  C a l c u l a t e  t h e  r a t i o s  Qw/Q 0 r . E  and Sw/Sx and use  
0 ... . . ;  . ..F.igur,e:. 7-,2-,to- f ind .  an. : -appropr ia te  va lue  o f  W/T. 

~, ,, . , , % ,  .. s . l i  '. ' ' ' 

. ,. ,,. 4.  ,: :by : d i v i d i n g . t h e  depressed 
s e c t i o n  width.;!:.W, by i" the  v a l u e  .o f  W/T from S t e p  3. 

. . 

5 .  . . Find. the . . spread  above : the  d e p r e s s e d :  s e c t i o n ,  Ts, 
, .. : .: by . . ' subtracting:  W from' t h e  va lue-  of  - T  ob ta ined  i n  

. . ~. . . . . . 
, .. , .. . . . ' ,,:Step 4. . . . . . . 

, , , . . . ,  '. i , .  . . ? , ! . ,  .I . .  .. , . . ,  -. ~ . . . ., 

ir. 
,,* ?. 

' . . 6 .  .:' Use. t h e v a - l u e . o f ' T ;  ,from S t e p  5 - a l b n g  wi th  Mann- 
i n g ' s  n, S, and S t o  f i n d  t h e  a c t u a l  va lue  o f  Qs 

X 
from F igu re  7-1 ( s e e  . .  . : S e c t i o n  .7.2..1,~ .. ,., Condi t ion . 2) ' .  

rit.7. .. - Compare:'the-. valu .e? 'of .  Q - f r o m s t e p ,  6 .  t o  t h e  t r i a l  s 
,,: . % .  . value;. from Step.::.l.:- :,:If va lues .  a r e . , n o t  comparable, . . 

0 
) .  ' ' ' , , .select., a  new':value o f  Q ' a n d r e t u r n . . t o  S t e p 1  . - 

., , . s , -  . . 
, 

. . 
, ~. , . : , .. . .. . 

Condi t ion :  2: F ind .  g u t t e r  ::flow,:. g iven  s p r e a d . .  . - . . , ' " . 
. , : ... .  ; . 2,. , ^ ,  , . ., , .  . 

~. ,. 

. . 1 'De te rmine  inpu t - ' pa rame te r s ,  i n c l u d i n g  spread ,  ' T,. 
. , . ~  . . 

. . . s p r e a d  ..above t h e  depressed  s e c t i o n ,  T  , cross .  
S 

s l o p e ,  S , ;  ; longi tudin-a1  slope,^,' depressed  . ' . - 
X 

s e c t i o n  s l o p e ,  S  , d e p r e s s e d  sec t ion .w. id th ,  W ,  
W, , > ,. . 

Manning ' s 'n, and::depth :of g u t t e r :  flow,, ;.d. . . 

! 2 .  ;..Use r~igure . f .7-1  . t o  d e t e r m i n e ' t h e  c a p a c i t y  of - t h e '  
. . ,  

' ..., b . '  . . ,  g u t t e r , i s e c t i o n  a b o v e  the . -depressed '  . sec t ion ,  ' Q  . . 
s 

r .  - . Use t h e  procedure i n  ' S e c t i o n  7.2.. 1, c o n d i t i o n  2, 
. ,. , 

. ., 
, , ,  . s u b s t i t u t i n g  Ts f o r  T. ,. 

. -. 
3 .  c a l c u l a t e  t h e r a t i o ' s :  W/T  'and..S"/Sx, and, .from.. 

F igu re  7-2, f i n d  t h e  a p p r o p r i a t e  value ,  of  Eo ( t h e  
. .. , . .  ! .  , . . , ,  ' 2  .: i.:, , . . ; ra t i~ . ,>df  Q ~ I Q )  ..? . .:, : . . , . , , , . 

. . .  , . .. .. ,,* :..,.::,:... ,,,,~~;:.'.;.'b.',i:.~::?:.. ~, : , . . , ~. 

i;"'.;:~!iA:~!i~-.Calcula,te:,: t h e . - ; t o t a l  . g u t t e r ' f l o w  u s i n g  t h e  
equa t ion  : 



~. . . 
' . . .  ~. . . . . . .  . , . . " . 

,Q = ' Q  / ( I  -'.E ) '  
. . . .  . ~ . . . * .  . . . . . . . .  3 .  . . .  : , ' . , ;, '. .i : , S :;, , ., , 0: .. :,, ..: '1 

, .  . . . . .  . . , , , '  . . . .  . , . , , , , .  . . . . . . . . .  . . 
1 where: 

, .. . . . . . . .  

.< . . . . . . .  . ... . . .  .. 
r flow r a t e ,  i n  c,fs 

.. +,. , : ' , :  : .  .!. :.:;. . . 
, . 

, , "  cap$city o:f;"the ,gttter section . . . . . .  . . . . . . . .  ' ' , :,- :: ' . 
above,, the '  depressed  ,. ' , . , s ec t ion ,  i n  c f  s 

, , , . .,..';> 

E = ~ a t i o  o f  f r o n t a l  f low t o  t o t a l  g u t t e r  
. - , ,i;: ?, 0 ;;: *. , , , , .. ;~,i . i . . Gw' 'tb' ~ ~ r , , ' " o b f a ~ n ~ ~ ~ ' ~ r o m "  Figure 7-3 

. , ,  , - , , , 2 . .  1 , .  ! . . ; : w  : . , . ' / :" ,' .-. 
, . .,., . 

5 .  C a l c u l a t e  t h e  g u t t e r  f l b w i n ' ~ , .  Q", wi th  Equation 7-2. 
W 

, . .  . I . 1 . . .  ,, , ., ,. : , .~ . ~ , , . >  . ., .. , . . .  s 
, , : ., 

curb-opening i n l e t s  a r e  r e l a t i v e l y  f r e e  of h b & i n g  problems 7 

and o f f e r  l i t t l e  i n t e r f e r e n c e  t o  t r a f f i c  ope ra t ion .  They . .,> .. ,,: . , , . ' ,  i l  .' 
aye"prefe rab l ' e*  tti.'GrAt&i . . . .  ti.,.-, i h '  . ., . . . , , .  t r a f f i c  : laties b r  wh&re g r a t e s  
wtj"yd .b'e h$za=doos.' f r  destrfcims. &; 6icy=lsi:=&. 

C S I  I . ' ,  , + "  ."' . . , . . "' Procedures 
to,.,detern,ine. capacity of'.c~tb-ope&n;j,~:ifil&&J placed on 

........ - . , F < i  . 7,.:,.>.y,. .< , .  .... ,d",, . C con f rnuobs/ gradi! ai,,a- at kump. lo==kio&. are' gri;&ntea below. 

, . 
Table  7-3 prov ides  a l lowable  g u t t e r  flow,. i n l e t ,  i n t e r c e p t ,  'and -byp;=s .gsti&at== .for: ;h= $H;;n&sviiie-r2;5-foot curb and 

g u t t e r  on r e k i d e n t i i l : $ t r & e t s " a n d  ~ ~ p & " ~ ' ~ c u r 6 - o p e n i n g  i n l e t  
on a cont inuous grade.  The e s t i m a t e s  a r e . b a s e d , o n  t h e  . ' 

t y p i c a l  s e c t i o n s  p re sen ted  i n  t h e  ~ t a h d a r d ~ ~ ' d r a ' w i n ~  (see'  ' 
Appendix 3 bound s e p a r a t e l x ) , , u s i n g . t h e  ge  

, - < a  . . < , -  , . . r 7 , , , , . ,  .;,? . . , " I 
.:f of.-e"rb-op$,ing inle t$  pregented i 7' 

.... ,:. , . ; .  ! :  ; : , *  ... . L . . .  . : ' , ' . . .  :..;,, :, . . , ~ . ~  

, " .  ' 

. .;bp.L;o: i-;jadijzj; ai;ee2i.;:of 6 ,  . , T  . . . . . . .  /. : :.< L a .  ". , .>.' ,.,. 
"suf  f l c r ~ n f  . % . , , ., " c a ~ a c f t y i ~ & . . W a n d l e  . . . v 

a l l o w d b ~ e  gut ter ' . f ld i$  w i th  'a . . . . . . . . . .  : , , :  maxim"m.*l&;;e;h .d*:.'io a .df *O'..p;r.;'it '.*a= 
,,..<,,. i..',i .... ,,,'. . . J . . < , .  . *. ? . <  .., . , , , .,; -,.. '. .1 ,;, i . l  , , 2.5-fodt::eu =lj.. and.gutter secfidn. , . ibdve thi,s ;'iope ',.* # & % . a ;  

<<,;,, ;,,. , , . ' -  C ,  , . , . , ; , ,  .. ' 5 5  . '  .:> ,% '. !?i ., - ,; . . ' ' 

a l lowab le  "guttek"f lowcis  c o n t r o l l e d  by a maximum o f  :2O per- ....'.,. ..ia. . , , .. ... cent bypass and th6 spread'lm!&t.d~ adj"sted .ad=dr'ir;4iy.!: 

. . . .  , , . .  # . . . . ~ ,  
7.3.2 CONTINUOUS GRADE--GENERAL . . .  . . . . . . . . . . . . . . . . .  ,. _. * i .  ., 

, . , , , ;  .,,:: ,,: . , :  , ' . ,  , > , ,, ." . . . . .  c T h e ~ " " S ~ n t j ~ h  ,6f '-$rb ., , . , : , ., < $.' .bpehing ' r equ i r ed - . fo r  , . : ' t o t a l  i n t e r c e p t i o n  
o f  &iit 'ter.flow"'chn be':$iti&atid'~for~'general "coi idi t ions  us ing  



Figure  7-3. The e f f i c i e n c y  of i n l e t s  t h a t  a r e  s h o r t e r  than 
t h e  l e n g t h  r equ i r ed  f o r  t o t a l  i n t e r c e p t i o n  can be eva lua ted  
u s i n g  F i g u r e  7-4. S t e p s  f o r  u s ing  t h e s e  f i g u r e s  a r e  given 
below: 

. . . .  

1. -' ~ e t e r m i h e  i n p u t  parame'te'rs, i nc lud ing  c r o s s  s lope ,  
, l o n g i t u d i n a l  s l o p e ,  S ,  Manning's n ,  spread ,  TI 

iir,: .. ,.' - , .  . . . . . . .  
a n d  g u t t e r  f low, Q (see 

, ,. , . ....... 
s., . . .  . . .  

. , .. , '  . , ' . . ' I , ,  i * .  , . . ,  
. , . . %, ( L  :, s , -2'. .: , , . , ,  , 

. . :Dr,aw'a i i n e ' b k t w e e n  t h e  n  'and S s c a l e s  on 
: . i. :. . , ,. ,,, ~ i g &  7-3 a d n 6 t e w h e r e  it i n t e r s e c t s  t h e  l e f t  

t u r n i n g  l i n e ;  . . . , 
, . I .  . ,, . '  ,. . . . . .  . > 

3. Draw a  l i n e  between t h e  i n t e r s e c t i o n p o i n t  from 
S t e p  2 a n d t h e , a p p r o p r , i a t e  . . , . ,  v a lue  on t h e  Sx s c a l e  
and n o t e  w h e r e  it , i n t e r s e c t s '  t h e  r i g h t  t u r n i n g  
l i n e .  ., . . . .  , . . . . .  , , ,  , . - ,  ... . . . .  . ., . 

. . .  . . . . .  , .  \ _ .  . ~ .  . , ' 

' 2  . ' , . ,  , . . , . ., .. . , . . 
. . .  . . . , . (  0 . :+ ' "  , , . , ., , '  ,. ' , , L _ , .  " ' : - . 4 .  . , Dqa" a  ' ...... l i n e :  8 b e twefn  t h e  - i n t e r s e c t i o n  . . -  . , . ,  i, ;i.l.i - poiGt.. ~. - .... 3rom . .  - ? . . ; ,  

.*. 2 . i . t . L . . l .  , .,. ,.. _.,..: . , .' st;p.:j and t h e '  a p p r 6 p A a t e  va lue  .,: !.. :.'-,I an. .a ... :l t h e  ,:, ! .. : q,, s6a ie i  ". ., . ,.. ' 

. , . ' a;;. i ' ', ob tg ih  :. n t h e '  l ~ l ~ e : ; j ' f ~ ; ~ ~ r d '  ,,, $.- . . . . . .  , .. .* -.: ...... openlng .", ..-. l e n g t h  .,. ,!:. .:. 2 ,., ,: , LT,, 
La'. .  ' ,  .,::02< 

~ e q u l r e d " f 6 r " t o t a l  i n t e r c e p t i o n  o f "  g u t t e r , ,  f  low. . , , :, .>it: ::. <, : ,: . :,,. . . .  . . . . . . .  . . . .  ..:. . .  .: . . . . . . . . . .  ,;> ,?.>.,.I?.." *, ,-, . .  "-? .: . <;,. 

5. I f  L i s  l e s s  than  LT,,,.:fSnd . . .  t h e  ‘.. .. ra t io .L /LT , , , , . .  and.::use . . . , 

Figure  7-4 t o  f i n $  t h e  i n l e t ' e f  f i c i e n c y ,  E. 
~ . ~ .  ., . .  . . < . . , ' ~  . . . . . . . .  , _ , , .  . , ' , , . , , - ; > ,  

. . .~. 6 .  ,. Caiculate,'ihe,:int&rcep,ted . flow. . ,,. , ..* :, Qi,  ag :, ....... ! the,GrGduct . . .  :,. 
', b f ,  E:ahd . t o t a l  g u t t e r :  f low, . . . . . .  Q. :,., <, , , 

, , , '  . . : , ,, . , . 
. . .  - .  . .  , 

. ,  , .. I . , '  i . . ) . . . . . . .  ,. . . . .  .. , .  . 3 .  j; C O ~ ~ I + * O N S  . , 
., . . , . t : :  !; . , .  ' 

. .  , . . 
, . \ ,  . , . . ....... : .... 

, , . .  , 
. . 

, . , , 
. . . .  \ ,: 1 ,  ,.: 8 .  '. , , , .  : .  . , , , . . L,,.., , 

A cur6-opening i n l e t .  l d c a t e d  , ., ' i n  . . , *  kiimp, .,. , c o n d i t i o n s  -,, ., , . ,opera , tes  'as  
a weir to depths e$al'to curb-opening.~ 'heig~t  &a'ai' 'ian 
o r i f  ice + a t  dep ths  . g r e a t e r ,  t han ,  , 1 .4  t i m e s .  t h e  opening . . . . . . . . . .  h e i g h t ,  

. ~ 

h. , , A t  ci .6 d=pths  1 :  . ,between ' : l .0  , . . , ?  .ll , .aiid.Ll.'4 , , , ., , t i m e s ,  , , -:.:. h , , t h e ,  f low , L i s ' : i n :  . . _ ;_ .: a  
k r a r i s i t ~ o n  ~ t = ~ e .  , , F i g u r e s  7-5 . and -, 7-6 , . , , p rov id= .  . . . .  , ,  i.: ... . . ,  

' ' 0  _. j l ( . is ' . ' , the , ., ,,we& ,!aAd'.orif lce . . . . .  e q u a t i o i s  , . , .  , , . ; .  ,, f o r ,  . , , , . ,  ,depressed 
and nod-d.ep=es&d .cdrb-opening i n l e t s ,  respectively,' ', Steps  . . :  ij( " , , .,, , . ;.,, . . . . . .  ! .  .. m . . .  .. ' ,. , ,  . __-. . ' (  , , 3;. 

f6l: $sir&! tkiese ."f icjuges a r e  ,give? b i lqw.  , , . . . .  
: . .  , . , , . : > . . .  , , I  . . . . . . . . . .  *, . . . . . .  , :  . . .  

, ., .-,,.;..- . .  , 
., .. 

Depressed Condi t ions  , i ,  ., . , I  . '  
. . . . . .  . . . . . . . .  

1. ,Determine, i n p u t .  ,parameters ,  inc, luding opening 
:,c ;, , .:I <,; '5.5 "> . ,q :; , , . l .  , , .  ,.., , .., . (. . 1 .  3 . , < . . 

. . . . . . . .  . . l.&n$th L  . '  depres sed  . . . . . . . .  ' o p e n i n i ,  h e i g h t ,  h , , , c r o s s  , 
" . . : ' .., :,' . . . . . . .  ..: 7 - . . .  . . .  



n . , , . .  . . .  , :  s l o p e ,  S dep res s ion  ,. :.a, d e p r e s s i o n ,  wid th ,  W ;  and 
X' 

\- . , ." - .  .:.,. , g u t t e r  , spread,.  :T,. . , , , . , , . .  .I ! . . I 

. . .  :,, . .  : . , : t .  
l i , .  ' . . ~. . . . , .  1 L  

. . ,  , . . . .  . 2,. . j::: Determine : t h e  !depth. o.f:.,g"tter: f lowl.using t h e  ., . . . . . . .  
, , ,.j,,;:,; - . . .  fol.lowing,.equation.::., ;I., ":;,:- :: .,,,' ., . . .  . . . .  , ,  . 

. . 
, . #  :.!!.,: > . ' . ' ,%, : ..  :.., <!,: . I ....... .: . , ,  . 6 .  .:i. ... ......... 

d  = TS 
X , ,  , ( 7 - 4 )  

,.; .,where:: . - . : , '  . . .  . . .  ... . , . . . . . . .  . ~ ,  . . ...... . . :  .:. 

:\;; . . . . . . . .  , :. , . ' . , ' : , . ' . ; t ~ *  :,i::. 3 ,  ' . ' .,.,.:'PL; ; . : . 
, . ,  d  .F Depth of.. ,gutter,:flow ,,. . , i n  f e e t  

. . 
,,. . . , , . 2 .;., :, :, . , ~ ? . ,  ! :,; ,, ..;. ,. , > #  

: , 
, , .  1 ,  .~ , . T = , G u t t e r  , spread ,  i n : , f e e t :  

. < . .  , 
, . . ~. ,. . , . I  ; "  , L :  _ ,  , . , . ~ .. 

S  = ~ r o s ' s  s l o p e ,  . i n  fee t / ;Soot  x ', . 

. , , 3 ,  . C a l c u l a t e  , t h e  d e p t h  o f  . flowi.above , t he ,  bottom l i p  
, . ..:: .o f  t h e y d e p r e s s e d  o p e n i n g , : , d . , ~ . u s i n g ,  t h e  fo l lowing  ... .. . . 

. .  , . . . .  equa t ion  : , . . ~. 1 . '  : . . . . . . . . . .  . . 
. . , , 

. , 

. .  ,,. . , . . !, . . ' .  . , . . , .  . ,; 

d, = d  + a /12  (7-5) 
I 

.4 ,<, , .  *,.i,, .;':.,.., .:.; . . . . . . . . . . . .  . . . . . . . . . . .  ............... . . . .  , , I..-,\,). 
where : 

. . , , .  . . . . . . . .  . . . . . . .  . . . i f . -  . . .  . , , ; ,  
>. ., . , . .  , . .  . ,:.: , ,d~: ;=_Depth,  0f::flow a b o v e ~ , t h e  bottom l i p  

, . 1 
, .._.,::;. :-Of .. t h e  depressed  opening,  i n  f e e t  

. .,. . . .  d . = , D e p t h .  . o f  g u t t e r  f low, . . in  f e e t ,  from 
. . .  S t e p  2 . . . r . .  . . . .  

,...,' . . .  , , 
., . . . a,.=,-.Depth  of^ depr ,ess ion,  i n  f e e t  

. . . . .  . . . . . . . .  .... . . : . .  . . . . . . . . .  . . . . . .  . . ........, ,, ,,,;2,: ;.; .: 

i' 4 , .  . . I f i? the: .value .of . :d  . f rom .Step...3 is . '* , less  than o r  
1 ~' 

. . .  :.. : ,:, . . , ,  ;-... , .  .-eqUal,Ato,the,.~depressed : openrng h e i g h t ,  h ,  use  t h e  
~, . . . .. , ! w e i r , , f l o w ~ ~ c u r ~ e s  a t  , t h e  . b o t t o m o f  ,.Figure 7-5 t o  

, .  ,i&ied;,inlet,capac.ityi Q. : .  . E n t e r  t h e  ;y -ax is  w i th  t h e  
: ', 

; . . . va.lue!..of $,.from . s t e p  2,,; r u n +  ,.,,hqri,zontal l i n e  t o  . . . . .  
:; . . the  ::.right, :and ! locate  t h e  i n , t e r s e c t i o n  wi th  t h e  ; ; . .  .. . ' , ? . .  , . 

appropr ia te :  v a l u e  . ., :.of ,!:= L. +..,1,.!8WI, ..From t h a t  
p o i n t  of  i n t e r s e c t i o n ,  run  a v & r t i c % l '  l i n e  

. . . . .  ..downward-'to.,+obtain. . . . . .  t h e  i n l e t  c a p a c i t y ,  Q., ,, . . I .  , . , .. 
. . 

; i " . , , ,  ..;. <; ..................... .,; ..:j--:" . . . . .  : 1 . . . . . .  :*,.: . .  . . 'I' ' ,, 1 , .  . i.' 
-: 5:. ,.i,., :,I,f,~ithe . . . .  , ; ~ a l u e , ~ , o f  ,,d .from ::stepl  3  ,.is., g r e a t e r  t han  o r  

' i '  .; . .  ,.,, ,.:; e q u a l -  t o  :.I. 4: ,times t h e :  depressed  ;opening h e i g h t ,  . ,.. , . "  . . . .  
3 .. - . . .  .. .... . ,.. , -h, . u s e  t h e  o r i f i c e :  . . . . f l o w , . , c u r ~ e s  . a t  : t h e  .top o f  



.,, ' ,, . .. . Figure ,  7-5 t o  : f i n d .  t h e  i n l e t  c a p a c i t y ,  Q. En te r  
t h e  y-axis  w i th  t h e  v a l u e , o f  d  . f r o m : ~ t e p  3 ,  run a  

i 
h o r i z o n t a l  l i n e  t o  t h e  r i g h t ,  and l o c a t e  the;  

.. : , . . i n t e r sec t ion  with '  t h e  a p p r o p r i a t e - r a l u e s  of A = hL 
and h. From t h a t  p o i n t  o f : , i n t e r s e c t i o n ,  run a  
v e r t i c a l  l i n e  downward t o  o b t a i n  t h e  i n l e t  

, !  .. c a p a c i t y ,  Q. ,A ,. 

6 .  I f  t h e  va lue  of di from S t e p  3 i s  between 1.0 and 
1 . 4  t imes  t h e  depressed  opening h e i g h t ,  h ,  t r a n s i -  
t i o n  f low e x i s t s .  Draw a  curve  r e p r e s e n t i n g  t h e  
t r a n s i t i o n  between we i r  and o r i f i c e  flow f o r  t h e  
a p p r o p r i a t e  v a l u e s  o f  P = L + 1.8W and A = hL and 
o b t a i n  t h e  c a p a c i t y ,  Q ,  from t h e  i n t e r s e c t i o n  o f  
t h a t  curve  wi th  t h e  va lue  of di. 

. . ,. . 7.. ' . To ' f i nd ' . t he ' -dep th  r e q u i r e d  - t o  handle a  d e s i r e d  

. . . , ,, ,: i n l e t  c a p a c i t y  , . Q ,  e n t e r  t h e x - a x i s  of F igu re  7-5 

? ,.! 
wi th  t h e . v a l u e  of @ and u s e  t h e - a p p r o p r i a t e  curve 
t o  f i n d  t h e  dep th  on t h e  y-axis .  

, .  . 
, ' 0  

Undepressed Condi t ions  
, . 

1. Determine i n p u t  parameters ,  i nc lud ing  opening 
0 

, . .  ..; '-; l e n g t h ,  .L, .undepressedopening  . he igh t ,  h,  c r o s s  
, ,.., . , . s l o p e ,  S:vt- and $ g u t t e r  , spread ,  T. 

X 

2 .  Determine t h e  dep th  o f  g u t t e r  flow, d ,  us ing  
Equat ion 7-4. 

3 . .  I f  t h e  v a l u e , o f ' . d  f r o m . S t e p  2 is less than  o r  
equa l  t o  t h e  undepressed opening h e i g h t ,  h ,  use  

. - ' t h e  weir f low:  cu rves ,  a t  : t h e  -bottom''of F igure  7-6 
;:. t o .  f i n d  i n l e t  c a p a c i t y , . Q .  :, Ente r  t h e  .y-axis  w i th  

, . . the  va lue . -o f  - d l  , - run a  h o r i z o n t a l '  l i n e  ;:to t h e  
. . , .  . , * ,  ' r i g h t ,  ' and . i oca t e  t h e  . . : i n t e r s e c t i o n P w i t h  t h e  

. , 
,.. ..,. . , .;. : apprdpr i a t e . . va lue  o f  ,'L. From '.that. p o i n t  of  

. , 

. . i n t e r s e c t i o n , . ' . r u n ~ a ~ .  v e r t i c a l :  2 ward t o  
., ,.. . : " . O  e '  in le t ' . ' :capadi ty , ,  Q;: 

. . , . . .  ' , \ 4 : . : . .  . . ,  

l u e  ' o f  d  : from ~ G e ~ " 2  e r  than  o r  
equa l  t o  1 . 4  t i m e s  t h e  undepressed open ing .he igh t ,  

i..:..:h, u s e .  the :orifice flow; =urv&s th&'.top.of 
a3 'F igure  : 7-6 , t o  f i n d  in l . e t~"capac i ty ' ,  . . .Q.' E n t e r  the .  

':-..:.ly-axis . w i t h  the '  v a l u e  o f  d l  run , a i  h o r i z o n t a l  l i n e  
8 



C 
, ,  . t'o . t h e , r i g h t ,  . . . and, l o c a t e  t h e  i n t e r s e c t i o n .  w i t h .  t h e  

. . , -  , i i  , , 1 , - . , app rop r i a t e  . va lue  ' o f .  A , ,=  hL,*and. h , ; ,  .From that .-# , . , 

p o i n t  of i n t e r s e c t i o n ,  run a ver t ical . : l ine , : :  I::. :. 
downward t o  o b t a i n  t h e  i n l e t  capac i ty ,  Q. 

5. 1'f t h e  va lue  o f  d from S t e p  
,, .. . , .. . ,  . ., , 1 ..4 times . , - t h e .  . ~ ~ .+ .  :undepressed ,, opening ?he igh t  ,:.:h ,, .,... ".,. 

. A . . ,  t i -  i i i . _  ' , - .~~ .t.ransition;flow~,:exists. :., !Dray a..cuqye.:;repres'enting . , , . . . 
, , , a  ,, t h e  ,? t ran; i t ion .between w e i r ~ : a n d ~ o r i ~ f . i c e ~  ... f  low,:.for, 

:,, . : . .  .,, .. ,, . . . . , . . . . the( . ,aPpropr ia . te  .,. . i;values . . r . o f . : ~  i.an.d;:A rand:.iobtain-:the 
. ,. . . . . , i , ,capaci tyl  Q, , f rom: the  in . t e r s . ece ion  of ?. that  

t r a n s i t 2 o n  curve  wi th  t h e  va lue :of ,d , .  ,::.,L:i.... 

6. To f i n d  t h e  depth r e q u i r e d  t o  handle a d e s i r e d  
i n l e t  c a p a c i t y ,  Q,  e n t e r  t h e  x-axis o f  F lgure  7-6 
w i t h  t h e  va lue  o f  Q and u s e  t h e  a p p r o p r i a t e  curve 
t o  f i n d  t h e  dep th  on t h e  y-axis .  

7.4 GRATE INLETS 

Gra t e s  a r e  e f f i c i e n t  f o r  i n t e r c e p t i n g  pavement d ra inage  i f  

c c logging  by d e b r i s  i s  p rope r ly  c o n t r o l l e d .  Gra te  i n l e t s  
w i l l  i n t e r c e p t  a l l  o f  t h e  g u t t e r  f low pas s ing  over  t h e  f r o n t  
of  t h e  g r a t e  i f  t h e  g u t t e r  f low does  n o t  s p l a s h  over t h e  
g r a t e .  The p o r t i o n  of s i d e  f low i n t e r c e p t e d  w i l l  depend on 
t h e  c r o s s  s l o p e  o f  t h e  pavement, l e n g t h  of  g r a t e ,  and flow 
v e l o c i t y .  

Procedures  t o  determine t h e  c a p a c i t y  o f  g r a t e  i n l e t s  p laced  
on cont inuous  g rade  and a t  sump l o c a t i o n s  a r e  a v a i l a b l e  from 
HEC-12 (USDOT, FHWA, 1984). 

7.5 COMBINATION INLETS 

7.5.1 CONTINUOUS GRADE 

On a cont inuous  grade ,  t h e  c a p a c i t y  o f  an  unclogged combina- 
t i o n  i n l e t  w i t h  t h e  c u r b  opening l o c a t e d  a d j a c e n t  t o  t h e  
g r a t e  i s  approximately  equa l  t o  t h e  c a p a c i t y  o f  t h e  g r a t e  
i n l e t  a lone .  A combination i n l e t  w i t h  t h e  c u r b  opening 
l o c a t e d  upstream o f  t h e  g r a t e  h a s  an i n t e r c e p t i o n  capac i ty  

G equa l  t o  t h e  sum o f  t h e  two i n l e t s ,  excep t  t h a t  t h e  f r o n t a l  
f low o f  t h e  g r a t e  i s  reduced by t h e  amount o f  flow 





T a b l e  7-1 
MANNING . . . . ' s . n ,: . VALUES ..+.:._ FOR:. STREET. AND. PAV~MENT:;GUTTERS . .  . \-, , , , . . i  ,: : 1 - . , ., ,, , $ .,, ., ,. 

~, , ,. > , , , . , . . , ,. ;:,s .. , b ,, , ,. 

Type  o f  G u t t e r  or Pavement  
,.,, . . . ,.( , ' . . .  , ,. .. .: ,.,i,,;: ,,: ,,. - Mann ing ' s  n , ,, . ~ .  ...,, , . - , "  

..> .. , 
j L.. , ,. " Standa rd . . ,Hun t sv~k . l l e  .-'d&2dkil va1&.<:.<~$:i~~. , . .:,- . :z:.:.?::. 0.016 . . 

(see S e c t i o n  7.1.3) 
,.., . .  
-, , I  ,. 1.;. . :, ,;, . 

C o n c r e t e  g u t t e r ,  . tr  d f i n i s h ' :  
. b .  ,..,>] ,. ! 0.012 

, , 

A s p h a l t  p a v e k t  i .I 
' ... l (. ~ m o o t h " t e k t u r e  

Rough t e i h r e  a '  . - ,  , , .  . 
..., 0.013 

:.< . ?  .-GJ " - 
: ,:, : . . 

0.016 
. . 

C o n c r e t e  g i i k f e r  w i t h  a s p h a l t  pavement  . , . 
smooth": '  . '/  . I . _ .. . 

I ,. . ~, . . . 
0.013 

, . Rough - . , .  . , 

, ' .  ' : ,. . ,  . , l i  , /  
0.015 

C o n c r e t e  pavemen t  . .  .. , , , 
, . . 

, . F l o a t  f i r i h h  . .  , .,., , 
\-  : , , ,. . .. , 

0.014 
Broom f i n i s h  

'.,. . . .. . ,.,:. . ' i .  , , " .  , . , . "  0.016 

F o r  g u t t e r s w h e r e  s e d i m e n t  may . , .;.' 

a c c u m u l a t e ,  i n c r e a s e ' . v a l u e s  brf,;n b y  . , ,. 
, ,  r '  . e ;I , t ~ . ;  ,.,. ,, ,. . .,. .. . , 

0.002 
jl ( .  ,, " . . 8 . .  . ' -  2: . , 

% .~ , .. 
4.,. . ,I*> . , 1': %. . <: 

R e f e r e n c e :  .".USDOT, FHWA , : : H D s - ~  (1363)  :;",.: 
, . .  , . .j _ .:, . . '- . . .- .., 



. - Table 7-2 
, , .:. , HYDRAULIC,CAPACIl!IES O E .  HUNTSVILLE. STAMDARD.2.5-FOOT 

-'CURB AND GUTTER FOR RESIDENTIAL PAVEMENT SECTIONS' 

. , ., ,, . . ~. ; , . ., . , , . , ,. 
r: :i:: . ... ., .-.. " ~ ~ ~ d ~ ~ y  Allowable. - - ~oadw~;~~~."~~llowable ' ' ' 

slope (i) 

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 inch/foot 
instead of the 1 inch/foot required for 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 



. - 
INTERCEPT OF TYPE s INLET WITH MAXIM~M AWWA~LE GUTTER ncw 

FOR RESIDENTIAL STREETS AND 2.5-FOM CURB AND GUTTER 

. . ,  . . . , ... 

Above t h i s  point, allowable gu t te r  flow controlled by maximum spread .. 
of 10 feet. Below t h i s  point, allowable gu t te r  flow!'controlled.by 
maximum bypass of 20 percent. b , i ; ~ ,  .:. :. ., . . .  ..... 

. . . . . . .  . . . . . .  
. ;  t r . ( l  . 2 , , > ~ ) ; . . ~  , C%<,. ,,.: ,..>Y,*:.,iv.; ., 

8 , " -  a , - !  ... ,. 
NOTES: . . - . . . . . . . . . . . : .  . ., .,.. , ..-:,-",. 

,..r~! 2-  ' r .  .~,~.g;:, at,. *..m? ? . ,ir t,,'!, ; . . 1 .: .,. ,, . , 

1. Gutter:. cross,~lope i s  ,0.5 ,inch/foot.: F:r,*,. . LC.i.. . ~ .  A. 

2. Pavement ckosr slopes is 0.0256 f t / f t .  '. 
3. Manning'sln* '>Q:016. .b:: ':&*.? - r,,,T;; .$ ~ .~ -6- , 
4. Stormwater =read is 10 feet.  
5.  See the  standard drawings f o r  d e t a i l s  on curb and gu t te r  and resident ia l  s t r e e t  

sections. 
i , .  , , . ,:,; ,: .,,,.., . ,  . ., . , 
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,Chapter 8 . 
.- ;.-.I; :.,; .."~.~,;'~:,~;,:.i;. ,? . : . :: 

STORK s'EWER HYDRAULICS' 
, . ,,.. , . . . . .  . . . . . . . . . . . . .  

I 
I . .  ............:.. . ,.. . . .,r..i ; h .  .., .,: :.'., ;:,.I,':-,:: < :  ~$i:':. 

, . ,."< " ' , . * . .* , . . I, I* 
, . GN'C .' .TERI cs. ................ ?2 2 . ',i;-..:i".;"!.l, ,: 

8 .l D E S I  R I  A .  
. . . .  . , . . - : . . , , . . , , , . ">,,j;:?~ ,. , . . 

1 . 1  PETURN PERIODS , . ) , , .  . . . . . . . . . .  . s:~,.,:. . '..-,':..' ~ .. , 
- , ,  , . . , .., .' , ., >.,.,",kt"' 

, . . . . . . . .  i " . . , -: , .# ': 
! The"f kllowi'ni re turn  pe 11 sewer 

design: 
. . . . . . . . .  . . .  , :' , , . : . . . .  . . . . . . . . . .  .."Y* . . . . . - . .  .......... . ::; :?::.":. ., ., . 

- ,  s t r e e t  c ' iass i f  ication;:,  :. Return Period , , 

. .....*....A‘. . . . . . -  . . .  . . . . .  . . ,., . . .'.. 2 5-year Ma j a r  and Minor :Arterials,..; :. 
~a jo r  co l l ec to r s  

. . . . . .  Minor Collectors . . . . .  

, Resident ia l  and. ' ~ o c a l .  ,,,.. , ., 
:i; . . . . 
. . , .  . , , ,  ' . ,  , . . . . . . . . . . . . . . .  

Thi"im&ct'.&f .,, a ,100.-year . .  1 . . . .  r e t u r  
1 analyzed 'as d i r e c t e d  by,, t 

f .  ;" . . ... 
. . . . g . , .  . . . . . . . . . . . . . . .  q.... ..... 

%, ,.. 
~ . ~ . ~ " ' M A N N I N G ~ s  n VALUES 

. . 

! .... 
, . .. . A l l  storm sewer pipe s h a l l  be reinforced .concrete.,unless . . . . .  

.......;..... . . . . . . . .  c, '- 
9 : 

a l t e r n a t e  mat'eriais of equal o r  greater  effectiveness and - .  

s t rength  ,,are approx,ed ,by, , the  ,Enginee~~~of~.Publ.ic..Works , . . , . . , , ............. !: im , ... .,.. 
, , ... va1ues";f o r  ~anning,$s  :~,~oughness.,~co,ef .. , . f ic,ierit f ,or: c o n c r e ~ e  . . . . . . . . . . . . . . . .  ,.. ; 

pip$;,:concret6 , ,  :box , ~ cuLvert, , . ,  , k  and .. . .corr.ugated..ietal , . . . . . . . . . . . . . . . . .  pipe ..(-). ;, 
a r e  . .,giyen . , * . , , below: .. ~ , , , .  , . .  . . ! .  . . . . . .  ... , , . ..< . ..: 

, . , . 2 ,  .,. . . /<  i,.l.... . . . .  
I '  , 

;. ., , 

. . . . . . .  .. , . . . . . . . . .  r ?  . .  . . 
Concrete pipe n = 0.012' 

. .  . . . . . . . . . . . .  - - -O. .Ol3  . ., ,, . ,,: Box ...cul y e r t  : (cast-i :, . . 
CMP': (non-spirai f 1 

, ... .;:.'. 3 . .  :. ,:.;, 

. . . . . . .  . "corrugatioris) . , ..... =,,,,o-,'?z4,,tf;?3-; \? !,,, * 

- ,., .- c ~ ~ ; : ( f u l l  .pipe s : L i >  i.,2.'*;m, .:;.;,*Ti,: .*!,> . : : , . , , .  
I 

, . . . . .  . .,::helical , , c o r k  . ,~ ,,,/ xi; !:,?I .:.'.!." t.,g., ,.s. -: . . ... 
. . . . .  , ,. .:. , . . " ,  . . . . . . . .  . . i C ::, r', . ,  . " ' ,  

. 1 * :  . . ,. . , .,, " ,., 

Sizes is-24" n = 0.017' ' 

% . . . . . , .  , .  . . .  ... ...... & i '. . i, ,S izes  30.-54%" i. .!, ,\; : :$.n ;=.::O;..:O.%l ,,m. 2.'>., .... 
..... . . . . . . . . . . . . . . .  . ..,:. ... : Sizes  .60-96.11+ . . .  x .  . . . . . . . .  ., &d. i  , . . .  ....- .J:-~,,. . . .  .A. ... . . . . . . . . . . . .  ..... .:n := 0. 024 .- 

. . - 
. . . . . . . .  ! . : ,  . . .  : ",$>:.' ..'. 

Ful l  s p i r a l  flow occurs only f o r  pipeswim a l eng th  20 
t i m e s  diameter,' operating under fulL.,flpw.,....and free,:of ,.,: r,,L,x, c , k ,  
sediment buildup. Conditions where '<fiili'spi'rai:"'flow would 
be appropriate ,,, . ,,,a .. a r e .  . .," down . ..+ .. 2 .; drains  . . . .  .#..; re tent ion . . . . . .  .- o u t l e t  :pipes,,,and, 
f r e e  'outlet" o r  g rav i ty  storm sewer systems, . . .  with ;a,,design . . . . . . . . .  ,,: . , . 1 . ", .' ,, 

: c veloc i ty  above 4 f e e t p e r  second. 



8.1.3 SLOPES AND HYDRAULIC GRADIENT., - 
_ .  i , ; .  I . .  , . . ,., :: 

The maximum and minimum slopes for storm sewers shall 
conform to the fo 

. ,  . , 

1.  he maxi dient shall not produce a 
velocity that .exceeds 20 feet . per"'secon&.i".!.~i$hdri' 

, 
yelocities require approval from the Engineer of .> 

.,, .,., ,,. ,.. ,. ,. , .  . ,  PuPub:li'c ,works. '." , .  . . 2,'. . 3.. .: . 2' ' , . .. , 

2 .  The minimum desirable phqsical slope shall be that 
,awhich :wsi~l' produce a velocitk 'of '2,.5'. f eet -':per 
second when the storm "ewer .is 'flowing '' f ull . '' 

, .. . . , ,., .. ,..+.: :!., ' : . , .  , ~ : . '  ,,";" 

When hydraulic.'~~calculations do not consider' minor 'enercjy 
losses; the elevation of the hydrau1ic:gradient .foktdes'ign 
flood conditions shall be at least 1 foot below the gutter 
elevati6i;. - ~ i ~ ~ ~  iosseg =hall ..be .conGidered dwh&'n th&Z!' 5:, ~ 

k., ,:. ' , velocity'~x'ceeds: 6 .Feet pei'aecon&...; I+ all..minor ..&n&gy. ":. ,; 
I? :,: losses are calculated, it is accept-able fo ulic . i. gradient to reach the gutter elevation..... 

. ,  . ... . , . . :  i. ' . ~  ,,.,,,,.., . 
The minimu$..pipe':s~z~"~h~i'~.be' 15 &he& rjhen .'access spacing, 

~. . .. is 50 .feet or. less .'. '".men acces.& :,.spa&,g &c&ds..'50 ' f  eeeu ,:, !; 
, ~ ,  the. 'minimum pipe sh :.shali'be.'lg inch"d&;,; 4bStandardi'fiipe'X : - 

size increments of 6 inches shall be used for "pipets ':'13i'&jer " 
than 18. inches. , , 

. ,  .. , . . ,  , . . , ,  .:, . .' 
The minimukt box culvert size shall'be 3 b y  . 3  "feet 'for':'{ 
precast units and 4 ;by 4 feet' for. cast-in-place ; units..-' 

. . 
Increments- of 1' foot in the height or width' shall :'be-used 
above this minimum. The span by' height forinat ',is.:used for 
reporting box culvert dimensions ," e'.g., ' . in tKe d'Gens'ion 10 
by 7 feet, the span is 10 feet and the height is 7 feet. 

, . ,  . 
,. ,. . ' ' , , :. 'i ... 2:' 

Access :spacing,'shall not exceed 400 feet,for' coriduits less 
than 54 'inches"in diameter and shall note~cee8~8.00 feet 
under any,circumstances. . , . . ., . . .  , .  

CcL.. e:,:';.*.!$,:. 2 ~: :,, k.:?., ,.s. ~ 

, . .. . 
, . .  .. . ,  : , , , 

r .  . - i . , , d ' '  
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. , .  

..I. , . ; A, minimum of 1 . foot .is required: betw.een,..the..,-bottom C.."~ ,.., ;,* , ..I: ,~ . . , .  
, , of .the road base material,.:and::,the ,,outside .#,crownof 

;.?,":<.+:,! 3 ,  ... 
rm.,sewer,,~, with .., .:I5 :.to,: . 18;: inches,! prefer red;^^ 

. . _ ,  . ,  ; , : . i;i 2 ,,?D.:J r.,.:. :;,:j. .--:;-k2:>;~22?>?;::x$: $~{<"; 

yconfiicts p,. .that inyolye .:cr~ssing:,a~.i~~~~~ 
storm.,. sewer . alignment, t h e  redomidended;, min.imum,~pr:; 
design cle&ance between the outside of the' pipe': 
and the outside, , , .- ., . - . -. :,of .s . , . , . ,. any, , . ,.,conf licting utility should 
be 0.5 foot if the utility has been accurately 

, ,. . . -  .... : ., located ,,,at;.:.the,::poi,nt :of, conf.lict i,,,7~If.:?~h.e:,,atiZit~l 
, ,.,. .~. >. ...* 

has been,,,approximate~l~~~loc,ated,,ir"th,e;,m.inim~~-,design . .. 
clear-ance should be 1 foot. ~lectrical trans- 

.,.:.,:,:. ;:;&a. ,., mission.: lines.,, o r  gas, mains. should never.. come:. into 
- L,.,I. . .  : ; ,. direct .. =~ntadt:~with:the , . ~ t o m . ~ ~ e , w e r ~ ; , , , ~  . , 

, ; , ., ( . .  ..;. ,::::*,,: 3 ; ,:!t,. .:;+ -.;,,:, ;-.,): , <  ' , ?::.,z . ., .... ~- 
o m  s e w e r : ~ ~  d 'not ..be*rplaced parallel' 

to or below existing utilities in'a manner that 
. . - could .cause, utility:~,support,,problems,~~;;iReco~ended : , 4 .  

~lea~:ncL-;i~ 2.;,f eet .,extending ,'from:'each.i side of 
the sto&"kewer and 1: 1 side slopes ~ from the 

, + 
. .trench..batt~m,~ 'Where right-of -wayl., limitations are .::<t3 ..',~, .. . , . . . . . .  . -  . , .  

, , , .,,:ii~~de~uate:,,;:shoring. o f  .:trenchesZ,is , . .acceptable. 
" .  . 

, , , j.,.:.,.? :*-:,: ~, ,:.>,, ..!,,. ;:d:>:;? i;!.; >? ;<: , <>$,fit:;$i:o-,3 

4 .  When. a sanitary line or other utility must pass 
. .. > .~ ., , , .~:   t through, a:imanhole, ,,a minimum .,. , : I-f oot,.clearance 
<,I". ," , . . , . ... , ,;: ;. ,should . . be, maintained, , ~between,.the.;bottoni~of~ . the 

. ( i C I  , , , A  ., ,, ,,, ,., , - .utility:,,:and:.the .f lowi;1ine,6f ,,the'~stgrml,main, and 
greater .+learance, is,.,rec'ommendedi. :,~low.!.,will be 
less obstructed when the utility' placed above 
or as close as possible to the crown of the' pipe. 
The head:,loss::caused _L,',I _ . . _ . . , . , . .. ._ _._ :by . L.. . an, .... ~obstruct,ion .,. should be- 
accounted for. (Note: Gas main's shall not pass 

. l i , j ,  , , . , through, and~,,manh~le~~~~structures,. . , .) I -!. ::.: ,:,, ,; T: .... . , ,  ..:>, 

, . : . - . . ,:.r,<t"" ,r:.r.":',.r ( ,;..,:.:,,; ;, , '  
*a, ,.. ..:cl:.;;: :.,: : .  , . , . ' " ..  .,. 

ET LOC r ,... ,...; it- 8 a, 1,. 6,,,,,JNL 
., . ATION. AND SPACING.,: , ,* ~ ,, s+.7,., .> < ! , J  ~.;:~~~.>:i-.,~~~,z,~i~.: , . . .  

I",,:,~!,' * + :  '., 'I , , , . , v ,  ,,,,: :-,.;:;, ;':.',!::.. , .. ~. . "."2 :',..,;, ? ,  :'.i":%s..' ... 
Curb inlets shall!, be,,.lbcated.;to' fa e:,entrancejof ,: 
water ,;, *:fromi .. . ,, :gutters;. into,~~e,,storm,,sewer5s~stem~...: ~onsideka-: 
tion2,shall;,also be::;given .to ,the;:movement,of,.:uehicles t~.~and, 
from+ , . )I . _ adjacent: .. property.,.on turnouts:,and~,to.. the.jmaintenance;.,of 
safe pedestrian ,walkwes. curb inIets shall not be located 
within handicap ramps and shall be avoided within a 35-foot 
radius of turns. 
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T.he3~location and;spac'ing of inlets shall belbased on inlet 
capacity :andwidth -of :spread calculations 1' ' Surf=ce storm 
water -.sdall: not.be allowed .to :drain across street 
intersections. procedures in Chapter 7 shall be used to 
establish;. inlet spacing 'such ,that -amaximkn:'of ' 2 0  percknt 
bypass:, is. a1lowed;:i: The .last ."inlet:-shall. have'. 

. . .  . . . . . . .  <&;$:;,";.:: $,.[i:! ...;, .... * ,  ... r:":.: ; . . . . . . . , . . . . . . . . . .  , .. , , 

......:.. 2 . . . . . . . . . .  ',-. - 8 . 2 '  GENERAL PROCEDURC 
, , , , . .... ! ,  . ; . . .  : . 7 . .  . . . . .  . .  i .L . . . .  . . L  . I', . " i  ... i . . l  .. 

~hkidesign::of storm.sewer syst&ms~~~is'~usuall~~~a~~iterative. 
prOceks.;: involving the, f oll&ing . f ou= .: steps': 'a,".'' . .. . : 

, '., -, . .  ...... t . .:.::.:,.. ' :  . , ...... . A a , j  r. j , , , , 

. ' .  ; y;,, . ., ..System '~ayout: . Selection. of ..inlet'*locations and 
developmenttbf a preliminary: plan and:-prof ile 
configurations consistent wi sign criteria in 

. . .  
. / ' / . . /  ' ,  !:; ..a ..l. .:., . ' ; . : ..... '.-:.,&.;it ...,.... ,>',, , . . <', . , ....... 

. . .  .,., ,. . ' .  . .. , 
, . . ,  .' . " , , < ;  ,!.. :::,, . ,  ,:. , .  . - , .,,, , i . . ,' .., 

. ,  . . 
' r . , ~ : r i . ? h .  >'2. .:'- ~~~drolo~ic~Calculations:~'.~ De at'ion of design . ., 

. . .  . ...,i a .  . flow: rates 'and~~volumes~~(see Section, 8'. 3) . .$!, . . . . .  
. . 

,,. . .." .- ., . . . . . .  . . . ......... ' .  6 ,  L 
. . 

r., . , ; i i .  i i  . : t r  ,. . .-. 

' f . 2 . ~ ~ 3 .  . ' ~ ~ d & ~ l i ~  CalcuTatibn&:': ~ ~ t ~ h i ~ i g f i b ~ ~ f  pipe 
. . .  L:;i..:.~ , si!zes rewired to carry-. design .-f 1oiPrates and 

lumes, as discussed in Section 8 . 4 .  
. .  : < . .  . ,  . . . . )  .,.::: . ' I -  . L. '. '. ! ;... ,.,: ;:. .?" * ... .: !,!. . I >  

Outf all. Design': : ~utlet"~~rotection~~or~'detention/ 
0 

retention?tnay, be'requf red- because -,of'"downstream 
constraints;.$see. Chapter 9j'ifore-detention/retention 

, .. 
;,<.. . or Chapter' l0:;:f or prote&ibn .'! ' '  ::: 

.. ,< . . . . . .  
, . .  

, . .. > ....... ,> . ,.., ( . , , _. . , . 
: ~., ':. , . , . .; , ,.. , 

. . .  . .  , . . .... ... , . , . , . , . ., . - 8 ,  , . ., , , , , ,' .: . . 
, ,  , 

5 ,  . . .  . :  " : 8  ;3 .:HYDROW)GIC CALCULATIONSt>: : . .a  :: 
. ., " . . , , :  . . . . . .  . ...... . . . . . . . . . . . . . . . . . . .  . ; , , ,  .: . :  ,* , ,  ..id "$: . . <  , 

The hydrologic 3etermination::of; a'-'peak-:,runof fierate for 
sizing a storm sewer system shall be made using procedures 
presented in Chapter 4 .  1n 'generai, .:lsto.rm. sewer i.'s~stems. are 
sized to carry storm-water intercepted by appropriate inlet . . . , 
facilft$&. .: ~However..if 'the ,:int&rcepted"$hnof f .. is"'d?%i J:. 

:*'.. . , , a  

.. chdnnel'. !L ,:a .. 

the3runof f a as" it .travels'.along 
. ~. :;,$v,$k,i,:,i:. ,' : , . . :_ .  . , 

. . .  . , ,. ., , , I'j.,;: ' , I .  -, . . . .  : ,  .. ;. . . .  . .  , . .. . _ '  . . ' ,  . , ' . 2 %  



modi f i ca t ion  .can be- :eva lua ted ' -wi th  hydro log ic  channel  ' 
. . .  Qj . . .  . . ,  

r o u t i n g  procedures  ( s e e  Chapter '  41.. : '  , . , . 

F o r  many, ; . p ro j ec t s ,  . t h e  -Rationa:l. Method i s  'wel3: 'sulted :to:: '  . 
per forming  .hydro log ic  .ca lcula t ' . ions  > . fo r  s'tdrin..sew4b.syst=ins. 

. I  .: ii '. 
I n  ' :general,  . as. the: time , ' .of ' :concentrat ibn;  dr$i$d<e".a'rea ,.. .and ... 

, , . .I 
, v a r i a b i l i t y  i n  l a n d  use . : increise ' ,  :-m~re.complejr:'~roc~dur.e~:' 

are ,  warranted' .  . :.A rule-of-thumb is :-tha'~~'flood:.:lhy;drograaph-.-. ; 

procedures  should;. be, co~sidered..~hen"'the-~t~ei:Of: -'cbn&nrra- 
tion goes above :30 ' to :,45..minutes,:,. ad&rtidn:., t:h$l:.:s:iie';and 
complexi ty  o f . t h e  s torm sewer system should be  considered.  
(See c h a p t e r ' 4  f o r  a d d i t i o n a l  guidance on s e l e c t i n g  

, . . ,  . 
hydro log ic  method ." ,., , .  , 

To a p p l y '  t h e  R a t i o n a l  Method' a t  each. designi:.poknt:,,;the' "'.' ': 
. . . . . . . .  . . . . . . . . . . . .  . . . .  f o l l o w i n g  d a t a  a r e r e q u i r e d ' : ,  . . , . , _ . .; , . . , . ..' 

. . . . . . .  , . , .:.'I 
< .  

*.  , . . .  
. , 

.:<. ' . . ,, .>. , ' ' , , , . a  . . , . :  - . . ,.. , , ., . . : , .,, ,. . , 
. . . . . . . . . . . . . . . . .  , . 

, ' . 1 : '  Tr ibu ta ry  :area " .  ~" , .  . 
. . . . . . .  : .  :z.;.t . ' , ,  . . , .  ~ : 

> . . . . . . . . . .  ... Time:. of., c o n c e n t r a t i  ,, 

,, . , .  . . . . .  . . . . . . . . . . . . .  , . 
-L13. R a i n f a l l .  i n t e n s i t y .  . .  . . .  . ~ A .  

, . : .  ' . . . ,. 4'. . . .  . . .  
, , . ,<c , ., ,< . . . . . . . . . .  . . ,- : :, . . ! ,:r$.',. . 

Q The t ime o f  c o n c e n t r a t i o n  i s  t h e  sum of t h e  i n 1  
; t ime  and.:the s torm ,sewer  : : t r a v e l  t i m e  andfindst-,"b'e: c a l c t f l ~ t d d  
f o r  each d e s i g n : p o i n t  cons idered ,  :.;~ainfall':iritensi.tiy':is". 

' .. . . . . .  , . 
. , obtained.:. from a n .  I D F  curve.,  ('see, CHapter:4) , ' b a s e d , d n . r t h e , "  

time o f  c o n c e n t r a t i o n  .and d e s i g n .  r e tu rn :  'period.. 'Th'e'ifurio~f f  
: c o e f f i c i e n t  'should:  be t h e  rcomposste. fa 'c t 'or  b a s e d  o n '  tribu'- 

t a r y  landr u s e  . . a n d s o . i l - . c o n d . ~ t i o n s  2 :The tabu: la r  d a t a  pre- 
. . 

s e n t e d  ' in Chapter  4 can prov ide  a good b a s i s  f o r  s e l ec t ' i ng  
t h e  runof f  c o e f f i c i e n t ,  b u t  i - f  poss ib le , ,  a  comparison o f  . . 
h i s t o r i c a l  performance wi th  : t h e : r e s u l t s  o,f . ,des2gn;: '~alcula-;  
t i o n s  should be made-. 

. . .  . . . . .  ...... . . .  ........... . . . . . . . . .  _ . I  . _ . .  ' ,.'.. , . ,  . 
, .. , 

The.Rat iona1  'Method a s  p r e s e n t e d  ih Chapter  4'"implPcitly.:as- 
sumes t h a t  a l l  r u n o f f  ' f rom : t K e  t r l i b u t a r y  a r e a ! ' i k . " i n t ~ r c e p t e d  

, . 
by t h e  storm sewer sys tem. .  Therefore,~'6e~au$'e~!1n''l&t"ef?i-~~ 
c i e n c i e s  o f  100 p e r c e n t  a r e  u n r e a l i s t i c ,  bypass m u s t  be 

'accoun*ted ! f o r  by : ad j u s t i n g  t h e * : t r i b u t a r y  w?aciCage., area':.:::.. ' 
:(: " %, , / :  . .  , . .  .. .. .... , I  ,, ,. :., " , r' .:;' ic,:::r;.. t.:'..,;~: t,. <:, 

~he,.proper-::sel'ection, o f  : t h & .  t i m e  o f ~ c O n c ~ n t r a t i o n ~ ~ i n B i r e c t l y  
- accoun t s  f o r .  s i t u a t i o n s  i n  whi~h~~~eak:~runoff"arrive& atv'. ' ' .- ' .  

.?~.rinddvidu'al.:. i n l e t s ,  a t  d i f f e r e n t : p o i n t s  in ' :  t k m e ;  However ;.. . .  
t h i s .  approach . d o e s  n o t  e x p l i c i t l y  . a ckoun t . fo r  channel .  .? c .~ 

. . . . . . . .  ,., . , , : ,  . . , 
. . 



s t o r a g e .  . . " .  t h a t  . . c a n :  become i m p o r t a n t  , i n  t h e :  upstream. PC,. .,,.., 
of  a  l a r g e  s torm sewer system.. . , . . .  . . . . . . 0 
In~..some . , .  . , c a se s ,  o n l y  ia p p r t i o n  o f ,  t h e -  a r e a .  .d ra in ing  to,,:a . , 

p a r t i c u l a r  l o c a t i o n  . , .,, , i n  a  .storm, sewer sxstem. w i l l  , cause . : the  
, .. p&ak, ,discharge.  . . , . . ,  I n  , , , sys tems .. . . where a  sma l l  subbasin ,  ,of:t.he, 

. t o t = l : a r e a  . ~ .,.. ,.. . has.; an ,cunusua l ly  l o n g  t r a v e l  time,.. ano ther :  l a r g e r  
sbbbasin:of  . . , t h e  c o n t r i b u t i n g  a r e a  wi th ,  a  s h o r t e r  t ime. .of , ,  . 

. .concentrat i ,on .~, , ~ . . . ., . .. . . . . ,:(and,. .,. t h e r e f o r e ,  a  h i g h e r ,  average r a i n f a l l ,  
, .$:. i n t e n s i t y ) ,  .. ,.. . c a n .  , . . A . cause . . , . . a h ighe r  p e a k  discharge, . .  , , , , ,  

. . , .. . ., , 
;.,:..~.:'l,>.. , : >  .: ~ ,'. . ,.* 8:. :.; . , .: :. . . ., . , . . . 

. . . . . ,  , 
~. . , . . , , 

, . ,  . ,.,. , ; ,  . . . , _ _  . ' , , . , " 

8.4 HYDRAULIC CALCULATIONS ;,., ' .~ ,._ . 
, . 

Hydrau l i c  . ,  . ~ , ,  ca lcu1a t ions ;a re  . . used,  , to s i z e .  p ipes  .to handle  t h e  
des ign  f lows determined from hydro log ic  calculations~.:. , , .  
(Sec t ion  8 .3) .  The h y d r a u l i c  c a p a c i t y  o f  a  storm sewer p ipe  
can be c a l c u l a t e d  f o r  t h e  two t y p e s o f  cond , i t ions  t y p i c a l l y  
r e f e r r e d  t o  a s  open channel  ;and flow., . :Results  

, 
should p rov ide  a  balanced system i n ,  which.  a l l ,  segments w i l l  

, '  be used t o  t h e i r  f u l l  c a p a c i t y . - c o n s i s t e . n t  w:i!th, t h e  f l ood  
p r o t e c t i o n  c r i t e r i a  f o r  t h e  p r o j e c t  s i t e .  

.. . , . .  
I .,. , _ i . .. . . . , 

. , ,' :. , i  ., . ' 
8 , ,.','.., 

4 . , , a  

Hydraul ic  pyocedures., i n  , , t h i s  s e c t i o n - . r e p r e s e n t  .a;:;iummary. of . I .  

in<&mation.,fr,om pub l i ca t ions . , by  Bratex! and- Kin%,! (19.76)-, 
'3 

~how-:.(l,959) , , , t h e  ,American., Socie ty ,  o f  :Civil : .Eng.ineezs ... (:1.9:69) , 
the,,:!Univ;ersity, o f  ~ i s s o i i r i . - ( ~ 1 9 5 8 ) ' ,  . the..AmericanzIron..andci.' 
S t e e l ,  I n s t i t u t e -  ( i 9 8 0 1 ,  !and Marsalek- (1985) .-.,,:.,,These. publ ica -  
t i o n s  shoq ld . , be  . consu l ted  i f  a d d i t i o n a 1 : : d e t a i l s  , a r e .  . 
requi red . ,  . ,:: 1 , , j  a ' ,  . . . , 

. , . . . ,  
. .. . , .  . ~ , , ,  , . . .  , , , . ."- 

z , ~ ,  . , 
,' , ..., . ~ . . , * : ? . . ..,. ' . I : .  

8.4,. I.,, ,PRESSURE VERSUS OPEN CHANNEL FLOW . -  - I  . : 1 . , . . 

. : .  .., '.I. .. . , . 

Open channe l  f low occu r s  when a  f r e e  wate r  s u r f a c e  i s  
exposed. . .  :to,,. . t h e  atmosphere a s  a  ,,boundary - (see  F i g u r e  8-.I).,,; 
when' the: , ,conduit  i s  f l o w i n g  fu.11, : t h e  , p ipe  :.is. c,onsidered,,;to 

!,., . . 
. . be. . ' f l&ingi ;under .  . . , . .  . p r e s s u r e  ~. -:(,see. F igu re  8-21 .:. ,,, .,, ,, ,., !;. . , ., 

,, 
...,.I : , ' .  , . ,  . 

i . . d ,  . . , 3 . , -. .:.. ,.. .~ ..., ~ , ,  . . . 
. . . , .,.i :: '. 

G"idancei,, . . , , . ... i s , p r e s e n t e d  . , i n  : F i g u r e  8-3, f o r  determining, , .whether 
. . p r e s s u r e  o r  open channe l  f low condi t ion ' s  occur  i n -  a  storm - 

,lsew~r, sx,stem., :,. ,, In! ;general ,  i f  - t he s f  hydraulic..g,r,ade ,:.line., is::,. 
above,,, t h e ,  .. crown.. ~. . of  , , ,  :,the.: p i p e ,  : p r e s su re  .d l o w , h y d r a u l i c  ci.1.c~- 
l a t i o ~ s , , p , r e  a p p r o p r i a t e . ;  , C o n v e r s e l ~ , , ,  if. t h e  :hydrau l ic  g rade  
l i n e  l s , , be low , . ~ .  , t h e  crown of  t h e  p i p e ,  open. channe l  f low , , , ,  . ; - ,  

c a l c u l a t i o n s  a r e  a p p r o p r i a t e .  0 



. . . . . . . . .  A special concern with storm sewers designed' .. to, w ....... opera.,., .. 

a' under pressure flow conditions is that inlet surcharging and 
... possib.le manhole lid~:d.isplacement,.can,,pccur~.,.i.f ithe hy,d,rau.,lir 

grade line rises above the ground, surface: A de~.i,~n.-ba,sed:,., 
on open channel conditions must b e  carefully planned"as 
well, including 'evaluation of the potential~,,foq~excess.ive 
and inadvertent flooding created when a st.on..:e~yent larger 
than the design storm pressurizes the system..;&;:.;: 

As hydraulic ~calcu.lations., are.. per~formed,~;..ex&stence., .oC!.the.~~:.+. 
desired., ,f lay, ,.condition: ..should. be ... ~eri'fied..~~. .... Storm .sewer::...!.::':.: .... 

,s~s.temq.,~an,: alte~nate,;be.tween and : ope 
conditions from one. ;sec,t.ion: to:.'another.. ,.-, ..:. : 

The discharge point of the storm sewer system.usually.,. 
establishes a starting point for evaluating,-~f$ow.:conditions. 
If the discharge is submerged, as when the tailwater estab- 
lished by the receiving waterbodx ; i s  abo.ve..:.the, crown of the 
storm sewer, the exit loss should be added to the tailwater 
and calculations for head loss in the storm sewe,r, system, .- .: ....... 2 ~ .  ................. 
started from this point, as depicted in the submerged 
discharge.,,c,o,nd&tions, , , of qigure , 8-3. . ,If,.the. hydraul;ic,?,,g.rade;. 

" .". .............. 
line is above ' the;; ppe, crown, at, the. next-: upstream:manhol:e,:;, ;. 
pressure flow calculations are indicated; if it is below the 
pipe crown, then open channel .flow calculations should be 

' , .  used at the upstream manhole. . . , :  r ,  . , . , 
.. 

When the discharge point i-s not submerged, a flow depth"' ' .""'"*' 

should be determined at some control section to allow calcu- 
lations toLfiroceed'.upstream.- As shown in-.~i'~ure:.'8-3, the 
hydraulic grade line is then projected to , the . . .  upstream . . 

1 ~ '  

manhole. ~ressu~e"'f10w :calculations':may: be-'used-'at the 
manhole if the hydraulic grade is above the pipe crown. 

, ,,<. . . . .  , . ,  , . . . . . . . . . . . .  . , .. , 1 

The assumption of straight hydraulic grade linesillustrated 
in Figure ' 8-3 is not 'entirely corr&ct, because backwater and 
drawdown conditions can exist, but is generally.reasonab1e ...... ,L 
for typical p2pe'"kizes."'. It is-'also~'~~s~ally appropriate to 
assume the hydraulic grade calculations begin'at the crown 
bf,'the outlet ~ipe''for"sSmp1e'~ non-submer~ed- systems. If - - - 

additional accuracy is needed, as with very large conduits 
or where the result'will have a very significant effect on 
design, backwater and drawdown curves should be , developed. , 

. .  .......... . , 
' , i. " ,  > ~ ,  

. . ,  
. * ..: . .  . . . .  . . ", . , .., , , , . , . . ......'c...)i 



8 . 4 . 2  . ENERGY. LOSSES: ' .  . , ' '  

..\ , . .: . . . . . . . . . . .  .. , . ,  , . ,  . ' ,. : . ' - , . 

The- following energy lo'sses' shall be considered' foT storm . ' .  
~ u 

. , . , , . , . . . . ~  , ,. . . . . . . . . . . . . .  . . . . . . .  sewer systems: .' ,, 
.. ,~ . 8 

.. ,. , . . .  ., ' c . ' : .  , . . . .  , ,!i ...... < . , ~, ,, . ,  ,,,. , . .  , ,  . . . . . .  
, $ 2 . ,  . ,< ,  . . . .  1, ,~~;,:~:d,~rict~on.~,~: , . ,  , , . <  . i :  . . % ,  . . . . . . . . . .  . . . . . .  . . .  

., t .  2 .- ; En"trance :, 1. L ._ , . . j '.. . .. . . . . . . . .  .., ,.. 

. . .  . , ., , , . . . . . . . . . .  3. Exit :....: : . . ; .  . . . .  '.. 

Addit.ional.:energp,loss -parameters: showld. be evaluated, .for ..-; 
complex.!.or rcriticaL.~~sy'stems.~~~~'The~~fo.llowing~~losses are . . ,:,:, 

,especially important.. when. :failure~~.to.:'hand~le~the, design f rood 
has -the potential to f-lood .of fsite. ateas:.,;:, . ,:-, I .  . , ' . :  . 

1.. . Expansion . . . .  ,. ,,. : . .  . 
, , ,  ,~ . ' . .  , , , ;  . . , . , ,. , 

. . . .  : : , .  2. .-Contraction : .  , . ! ' .  . . .  , . . . . . . . .  , , , . 
- ,  . . .  , , , . . 3.. : :Bend .:' ., , , . . .  . , 

, . .  , 

. . : 4  Junction. and .manhole- '.. a . .  . . . .  . . . . . . . .  .... 
! . ,  , .  . , .~ . . . . . . . . . .  . . . .  . . .  . . . . .  .. ,, . ,. , .. , , , . b-;; r!.. '.. .. , ', , , 

." , .  . Friction Loss.! . ;.. . . . . . . . . . . . .  , , .  ,. ,. . , , , . 
, y  

:,, . . . , *  ,! . , - . . .  . . . . . .  . . . . . .  , ' : ? . j .  : : ' . ,  , . , , 3  , ' ,  ' .  ,, , 

The, energ? .loss' required to bvercome fric.eion- caused. by' '. ..' .. 
conduit:..roughness ,, is, genetally: calcula'ted : as::,' , ' . .  . . 

. , . , . . . .  . . . . .  : , .. . . . . . . . . . .  ,., , 3 . .  3 .  , ,  ,,.. / . .,, 8 .  . , .  : , Ci ., 
. , 0 

where: I . .  I, . .  , , .. . ,. ~ , a , ,  ,', . . < t :, , .' .. , . 
. . . .  .. ,, . , . . . . . . .  , . 

, , .. -, . . ,. . , ,  . , : I  ,'.., .., , 
. ,. . 

.Hf =- ~ n e r ~ ~  loss. due to friction., ,in feet., . . 
, . . . . . .  

. , .  . . , .  , . . , .  . . . .  . . .  - 
. , , . ' , A  ., i . < 

. . . . .  . , ,, 
. . . . . . . .  . , . ,  . . . .  .# , . >." , : .  

- n: =:.Ma,"ningV ~~roughness~. coefficient. ,~ . . . . . . . . . . .  , . .... ,> . . . . ,  , .  ., , . , , . ,  . 
. . . .  . . ,. . . . 

. , . > .  . > ,  

L = conduit length, in feet 
, , . . . . . . .  , . ~. . . . 0 

. . , . 

. : . . . . .  R . ' =  ~~diablic ... , ,  radiis . :bf,,dbnduit, . in' , . feet . , . !  

. . . , . r . .  , , , . . . . . .  . . . . . . .  , .<<.: ' i . ;, ;> i . ' .  ( A ,  ,. 
g..= .~cceleration,.due. to, .gravity,: 32.2; feet/seconda . .  ,._.. . . . . . . . . . . . . . . . . . . .  , .  . d .  . , . .: ,, 

;,. . ...... . . . . .  k. ,, ." ,>: ' c  L.: ,,, ,;, .: ,. : ' ; , . I " ;  " 8.. 1 ,  : i  i . . < . . i ;  . , .  ., . 
Entrance, Exlt,. ~x~ansion, cb;ntriction,. and Bend. Losses , - . 

,,, t ; .!,!,.:# ,. 
. ,  , 

! . .  "1 ; ' . . . ; . , . .  . . .  .. . . .  '; ,. $. 

Head Iosses due to pipe form conditions are generally ' 
calculated as: 0 



. . . . ' . . ,.,. 
, , 

, , , .: . : 'H = 'Head loss" '&ue ' , to -pipe. form coAditfons:' i n  "f&t . . . . . . . .  , L ......... ..... . . . . .  , < , ? '  . . . . . . . .  . . . . . . .  , .. , _  t- ,,:. I ;i: 
, .  , ' .. 

. 1 '  . . .  . : , * , :  1 

The loss c o e f f i c i e n t ;  K, ' is  " d i f f e r e n t   for^ e=ch .cat.e'go'fy o f  . . ;  ...L, .. - I  ,>,. - 
p ipe  form l o s s  and should be  based on.oper'aatiKg-=~='ra=c&r-' 
is t ics  o f  t h e  system be ing  cons idered .  Values f o r  t h e  

, .  , . , 

e n t r a n c e  1oss"coef  f i c i e n t  . a r e ' i ' t he  same ,as'  tho=; 'developed . , ,  .., , 

f o r  cu lv6 - r t s :  [ see  c h a p t e r  '6) ."-a  he - ,  e x i t :  102s. dokf,fi.c,ient.'i.i .... . . . .  ; t>, . , 
: ,  genera1.l.y a s s igned  a ' .value of - 1. '' Expansion '.=d;ntri'c:ct"i0ii 

, . 
> l o s s  c o e ' f f i s i e n t s :  f o r ' c i r c u l a r  pipe3s '"can.;be seSec ted  ..\ ..$... ,.,~,:. based '  . . . .  

on, t h e  . da t a - .  from ~ r & & ~  :,=nd ~i~~ (yfl.6): pp=z&&te.d .in ,Taljlks ..... , .. .> . . . . . . . .  . . . .  , ' ? ; . , ~  ' . . . 8 :. ,,I ., ( , .  .". ) . . L .  8-1'an'd.'8-.2'-' , . ,  I . ' .  

,. . "..,. , , . , ~ ,., . ? .  ni. I,.  . ' . ' . . . f . . .  

c The - bend l o s s  c o e f f i c i e n t  f o r  s torm sewer systems can be 
,,. ; :  . ~ , \ , ( /  >,'<. . b7.,! :<.  . : 

eva lua t ed  us ing  F igu re  - 8-4, which provides;-warsous:-relation- 
s h i p s  between t h e  a n g l e  o f  a bend  and t h e  loss c o e f f i c i e n t  . 
~ ~ 1 ~ ~ i ~ ~ ~ h . i ~ ~ .  are..presentea.:'fbr manfi&g&:ijteh c;i,d-'. 

,, . . C ' .  ; I "  w i thou t :  d e f l e c t o r s , ' a r i d  f o r  curved; 'd?ain 'ijygn'rneits . : . ,  . . . . . .  w'ith. r [ D  
. , ,? 

v a l u e s  of ;  2 '  and., g r e ' a t e r : . t han - .o r  :equal t o :  6:'(r = r a d i u s  'o f  .,' 

. . . . . .  ., , ;. , . , .' 
bend and D = '  p i p e ' a i a m e t e r )  . . "  ' .. . , , . 

. . . .  . , $ , > ( . .  .: . . . . .  . .  , " , , .  : . . . .  . . . . 
, I , , . .  J , : -  . . 

. . . , I, I ' ( ,  
. , 

J u n c t i o n  and - ~ a n l i o l e  l o s s e s '  . ' . ,  . ~ ,  
. , . , , c .  , 

. .  .......". ... ......... ;;.; . .  . / ;  .:... : ':' . . ~ . ,  
'~ . I ,  I . /  

I f  l o s s e s  a s s o c i a t e d  w i t h  j u n c t i o n s  and manholes a r e  evalu-  
a t e d ,  procedures  p resen ted  i n  a r e p o r t  by t h e  Un ive r s i t y  o f  
Missour i  (1958) o r  Marsalek (1985) s h a l l  be used. Although 
d e t a l l s  o f  t h e  procedures  a r e  n o t  d u p l i c a t e d ,  t h e  impl ica-  
t i o n s  o f  l a b o r a t o r y  t e s t  r e s u l t s  a r e  d i scus sed  below and 

, head l o s s  c o e f f i c i e n t s  f o r  t y p i c a l  manholes and junc t ions  
a r e  p re sen ted  i n  Table 8-3. 

For s t r a i g h t  f  low-through c o n d i t i o n s ,  t h e  p i p e s  should be 
p o s i t i o n e d  v e ~ t i ~ a l l y ' b e 7 t w e & n  t h e l i m i t s  o f '  i n v e r t s  a l i g n e d  
o r  crowns a l i gned .  An o f f s e t  i n  t h e  p l an  i s  a l lowab le ,  

~ . . . , ,  . . 

'C' provided t h a t  t h e  p r o j & c t e 6  a r e a ' &  thk  b m a l l e r p i p e  . f a l l s  , 



w i t h i n  t h a t  o f  t h e  l a r g e r .  It i s  most e f f e c t i v e  t o  a l i g n  
t h e  p i p e  i n v e r t s ,  a s  t h e  manhole bottom w i l l  t hen  suppor t  
t h e  bottom o f  t h e  j e t  i s s u i n g  from t h e  upstream p ipe .  

When two l a t e r a l s  i n t e r s e c t . . a t  a  manhole, p i p e s  should not  
,," : ~ . . . 

'-6e o p p o s i t e i y  a l i g n e d ,  because t h e  jets -could  impinge upon 
each o t h e r .  I f  d i r e c t l y  o p p o s i n g  l a t e r a l s ,  a r e  n e c e s s a r y ,  

,~.. .  " . . . . .  , ~ 

t h e  i n s t i l l a t i o r i ' o f  & d e f l e c t o r  ( a s  shown ' i n  ~ i g u r e  8-5). 
w i l l  s i g n i f i c a n t l y  reduce.. l o s s e s .  ., .:. , ,. .~ The r e sea rch , conduc ted  on 

, .  . 
t h i s  t y p e  of ' . ' de f lec tor  is '  l i m i t e d  t o  t h e  r a t i o s  o f  o u t l e t  

. , p i p e  t o l a t e r a l  p ipe  d i ame te r s  equa l  t o  1,-25. . I n  a d d i t i o n ,  
'' .L ' ' 

, ... .. . , 

l a t e r a l  ' p i p e s  should  'be  l o c a t e d  s"ch t h a t  t h e i r  c e n t e r l i n e s  
a r e  s e p a r a t e d  l a t e r a l l y  by - a t  l e a s t  t h e ! s u m ,  o f  . t h e  .two . ,.. , , , . I . I ".. 
l a t e r a l . p i p e  diameters . ,  , , . ,.. . . .  , 

., . ' . I  ' 8  , . .  , .. , , : .  : .., . ,,; ;.,. . , ,  .. . 3 ,  ~ 

,!. . . I :  . . , , .  . , . .  
. . .. , , ,  . ,.. .: , ., ,. 

F i g u r e  18-5 d e p i c t s ,  s e v e r a l  , , types  of .  d e f l e c t b r s  , t h a t  . c a n  be, , ,  .... , . , .  . . , 2 

e f f i c i e n t :  i n ,  ,,. reduc ing  , .  , ' l o s s e s  a t  j u n c t i o n s  , .  , and ,bends.:ifor . ~ f u l l  
f low,  cd i ' d i t i pns .  A s - : a  . ,con' trast ,  sever'al i n e f  f i c i e n . t  :m.an,h,ole 

. . , ..,,. ". , *, . , . . , . , , . 
(I ,  s hapes  , a r e "  shown , .  . i n  \ . .  Fighre .  , .< >.. , ! .8-6. s e v e r a l  o f ; , t h e s e  " ine f  f i- , .  , '  

:? cient d6v'ice.s would appear  t b  3 , , . , .  'be , .  .i 'mprovements,i i n d i c a t i n g .  . 
' t h a t  s p e c i a l  s h i p i n g s  dev. ia t ing from those  i n  F i q u r e , 8 - 5  . , .  . . .  
' should  be  used w i t h  c a u t i o n .  

A 

; .  . 
, . , . . .  ? . :  . ' >  I ' :.' . z ' , t : . .  , . ; ,. . ' 

Under non-pressure. condi t ions , ;  . , , .. t h e ,  c a p a c i t y  . .. .., - o,f ,a c losed  . : 
c o n d u i t  , 'can , ,  b e  . . :  . .  . ,analyzed. . , > ,  ,bx:.applying ~ a n n i n g . ' , ~  .Equation- t o '  
e v a l u a t e  f r i c t i o n a l  ; l ' o s s e s . i o r  . *  uniform' f l ' o w . ' . , ~ , , ~ ~  , , shown i n  . .: 

Figure  8-1, t h e  h y d r a u l i c  g r a d e ,  l i n e  i s  : the , ; . f ree  wate r  . .  " 

s u r f a c e  e l e v a t i o n  and i s  p a r a l l e l  t o  t h e  energy g rade  l i n e  
under uniform f l o w  c o n d i t i o n s .  For c i r c u l a r  , . . \ . ~  c o n d u i t s :  . .~ 

. ~ .... 
f lowing f u l l ,  Manning's Equation 'can be  expressed  a s :  

.. , , , . .  ~. ,.. . . .  , . 
. , r . .i . . . . .  . . jl r ;  

where: 
.: . " , .. . .  , - . , , . ,  

i7 = , ~ u . 1 1  , f low .; . . ' ~ e l o c i t y , ,  : T , ~ .  . ;  , i n  $,;.. f e e t ~ ~ ~ o ; n d  , . .: .,, . ' .. , . . .  . , . . ,  
: 

, , 



n = Manning's roughness C o e f f i c i e n t  .' 

c, , . 
. .  . , ., <',..! 

d .= . Diameter o f  t h e  , - c i r cu l a r ,  . condui t ,  i n  f e e t  
S 

Non-circu,lar  . and, ,non.-full  , .  ,.f low.,conditions..,can :be , eva lua ted  
us ing  t h e s t a n d a r d  form o f  Manning's Equation d i scussed  i n  
Chapter  5. :,: ..#. : ., A . ,  , %,,..  .. . I . ,, . .. . ,, , ' , :.. . ,,. , .  

Given the-appropr ia te , ,peak  . , .-qun0.f f  , . . r a t e  : f o r  , the .  de s ign  p o i n t  
i n  q u e s t i o n ,  t h e  condui t  i s  s i z e d  t o  c a r r y  t h i s  peak r a t e ' a s  

a n  open channe l ,  us ing  Manning1;s, :Equati.oni. F o r  :.a c o n d i t i o n  
i n  which pre ' ssure  i s  ailowed' t o  develop i n  's torm sewers w i th  
a ,  d e s i g n  ,,based: o n  open  channe l ;  flow condi : t ions  , t h e  des ign  
c a p a c i t y  d f ' t h e  system '"ill be g r e a t e r  t h a n t h a t  determined 

. . ,using - ,  .Equati,on , .. . .8-4,  .,and , can  ,- b e :  eva lua ted ,  as . , :d i scussed  below. 

8 . 4 . 4  PRESSURE FLOW .., , , , :! . , . , ,  :,, - , . . .  . .  . ., . , , .  . ,A . .  i: ' 

.. . . .  ,. . , ' .,. 
, , " X . . '  , , . , ,  . ' . >  . . ,' . . . 

., ., , .  . .  " . . .. .., . ... . . . 
I f  t h e  h y d r a u l i c  g rade  l i n e ,  a s i l l u s t r a t e d  i n  F igu re  8-2, 
can be i n c r e a s e d . a b o v e  t h e  crown o f t h e  pipe-, p r e s s u r e  flow 

c occuys.  The c a p a c i t y  + , . o f  . .,.... . s torm "., s e w e r s  designed t o  o p e r a t e  
,und=r '  p r e s s u r e  flow idbndi t ions ,  . can  be s i z e &  us ing '  i n l e t  and 
o u t l e t  c o n t r o l  noinograph's developed f o r  t h e  - e v a l u a t i o n  o f  :'..: 

-: 

c u l v e r t s  ( s e e  Chapter  6). A more g e n e r a l  pr .ocedure  i nvo lves  
t h e  , a p p l i c a t i o n  of :  the,. energy  and c o n t i n u i t y  e q u a t i o n s ,  
which can be d e v e l o p d d t b  c o n s i d e r  u n s t e h y  .!f low cond i t i ons .  

, , '  

The energy equa t ion  between u p s t r e a m a n d  downstream 
l o c a t i o n s  rii :can , , ..., be evaluated, .by , 

, , . . .. . . c o n s ~ d e r i n g . . y e l o c i t y  . , .  .. . head, 
p i p e  'f G r m ,  and f r i = t i b n '  l o s s e s ,  expressed  as': 

- .$;>*! 3 .  
. . .. , . , , . ,, ,,. . . ,  

H = Head, determindd a s  t h e  d i f f e r e n c e  ,between 

. ,  , 
t h e  h y d r a u l i c  g rade .  l i n e a t t h e  downstream 

, ,  . .,, ,! . . , . ., . , , . , , . , . . 
p ipe  =lid''% th; energy Fjrade l i i e  a t '  t h e  

6? upstream p i p e ,  i n  f e e t  



H = :Ve loc i ty  head,, i n  f e e t  
v 

. H ~  
= .Head l o s s  due - to ' ;pipe form c o n d i t i o n s ,  i n  f e e t  

0 
H = Head l o s s l d u e  t o  , f r i c t i o n ,  - f n C f e e t  

f  
. . . .  . , 

,, ,, , , ,  ., ., .. . . , . ,  , .K . '= .Loss.:coef f i c i e n t ,  f o r  . p i p e , f o m  l d s s e s  , .,- 
. . . . . . . . . . . . . . . . . . . . . .  L ,.. , , . . . . .  . . . . . . ' . . . . . .  . . ,  

. , .  . . , .; , , ,, : : $>ti3 ..', i , ? , . '  . . . ~ 

n = Manning's roughness c o e f f i c i e n t  . ' , ,, 

. . , , . ., 
.. . . . .  . . . . . .  L = .Length  -of  'storm-:sewer...isegment .,,: - in . f e e t  1 

. . . . . . . .  . , . ,  > , , ,  , .... . . .  ' A , .  i:,: . . . . . .  . . . . . . . . . . . . . . . . . . . .  r ,  . ' . . , , , , . I .; ,.,.. ". r ' " 

. , ,  . .. 
' , . '  t R .=. 'Hydrau l i c : - r~ad iu~ , '  i n  feet  ., .+ . . . . . . , . . I . .  , . :  , Y . . :  , .,<, . (.:' 

. ,. 
. . , . . . . . . . . . . .  ." ,,+:*, . . . , ,  . , . . . . .  > , :. 3: :, , . . 

~. 
. , . , .  ' .v .c. Average' v e l o c i t y ' o f . ' .  flow,: -i 

. , : : ,.: !., < :  , '  I' , .. , , . . . .  . ,~ ... . , ,  , .. .,. , :. : . .  , >  , . .  . .:1,4)":. 

. . .  . . , .  . . . . . . . . .  g . =: : ~ d c e i e r a t i o n  due., t o  g r a v i t y ,  32..2 :fee?/se'cofida 

: . . .  < . . 
I f  H can be  de te rmined ,  t h e  s torm sewer , : capac i ty .~ i~ . . . ! .  .:' ... ..'j 

;., c a l c u l a t e d  b y r e a r r a n g i n g E q u a t i o n  8 - 6 ' a s  fol lows:  
. . . .  . .. , ,. , . . . . . .  , , ,.: . , . .,> ... , . . , .  . 

, .  . ,  - : ,  . : .  , . A  : c... ,! ,- ~. 

. . .  . , . . . . . . . .  ;. . ...I. 

. . I  . . . . . .  I ,_ ......,... 8 1 . .  ".'." 
. .  .: A .: >, 

, . 
, . , > :  . , ,.. 

(8-7) , ,. ,..:,, . , 

. : . . . . . . .  o r  . ,. . . 
. , , c . . . . . .  . , 

~ . .~ 
I ~. , .. , . .. , 
1 . . .  , . . . . : .  . . . . . . . .  2.9 n ,,,. 

i . . . .  . . . . .  
( 8 - 8 ) .  

. , ~ ,,. , 
, . 

I 
, . :  

I 
where: : . , . ,  , . , .  . , . , . . . .  ,. .,. , . , -'. . *  r. -: , ,  . . . . . 

Q = Storm sewer c a p a c i t y ,  i n  c f s  
I 

g = Acce le ra t ion  due t o  g r a v i t y ,  32.2 f e e t /  
second2 

-, 

H ,  = Head, determined , . .  , as t h e  . d i f f e r e n c e  between 
t h e  hydrau l i c '  g r ade  l i n e  a t  t h e  downstream . . . . . .  
p i p e  and t h e  energy .grade l i n e  a t  t h e  

, , .  . . I .  . upstream . .  ., p i p e ,  . .......... , , . i n  . f e e t ,  . . . . . . . . . . .  .." . . . . .  : ,?, ~.'. . . ., , 

. . . . . . . .  . . 
i , . ~  _ . . ,Ki:; Loss "cdef  f i c i " e n t  f o r  pipe '  form l o s s e s  

. . . . . . . .  . _ . . .  3 :  ", , .:, , . : ,  , : : _  . . , .  
, , . . , - ,  



n  = Manning's roughness c o e f f i c i e n t  
,- , . . , .. .< ;  LC,::: -/. "~:; ... .,'.. ..:I ,'??~>~!! . , ;., I . . ' . ,  > . . . . .  s; ' 

,, , .. >,.: $,f;!,.;: .:,::,:5~. ;~~,,?'', . .  c.2:'q ;A '  ;>3" *>:;'; %<.:j':,.. ..A?..... i. ..,. 
' L  = Length of::stor?...:sewer , , -  , , - .  ., segment, i n  f e e t  

R = Hydraulic radius ,  i n  f e e t  

i.,.L,., A*' ' si'i:. .' . ' - < !,; 1 .;*a;, 

The determination o f  H w l l T "  geheriri**lin~&i&. an.evalu'at.i.'oi' 
o f  energy l o s s e s ,  to e s t a b l i s h  the'  . -1- .; - .......... ~ydrau l i c , , , and . snergy  _ ..: . . - i ..,, 

. , 
grad ien t s .  Because the  v e l o c i t y  i s ' a  requ ired ' . input . tod ,  
energy loss c a l c u l a t i o n s ,  an i t e r a t i v e  t r i a l  and error 
procedure i s  genera1,ly required.  .A ., .. 

,. -, >...-. ,. *& .:;pi ,.,;?A:$,> ,::! ,':I>.;. & ! ?  
. . ..... . .  . ~ .&: . . .  



~ . .  T a b l e  8 - 1  :- . ,, ' -  

VALUES OF' K, FOR DETERMINING LOSS O F  HEAD DUE TO 

. . 
SUDDEN EXPANSION I N  P I P E S ,  FROMTHE FORMULA 

. . " ., . ' : < ,'t:,':'>'" . . ,h , 'K , (v iz /2g )  :,, , < .., .,; L:. . .  .." 

d,/d - R a t i o  o f  l a  ' p e ;  to  s m a l l e r  pipe . .: , ,: L.i. i : . . >J . . , , ! . . , . ,.., .,.,, , . , 
' , , . I  . . 1 : , . .  1 . -  . r  . . 

. .. . , . j. i ... =..Lj*ip=/t.: 'i".; l,., :%:> JJ(. , . . ,, ,:::.,.,...:i:. . . , ,. . . . . ,  . . , 
<+ ,z 2; .,:,,; ," :.:,<>!;<,,, , : * t i :  

.. .. , , 
d, , " !.,,~.? $ <;,:,.y;,! :,d j. - velocity, V, , i n  feet p& 

R e f e r e n c e :  B r a t e r  and K i n g  ( 1 9 7 6 ) .  



. . .  
Table, .8-2 . . ,.. 

.. ... .. .,..... VALUES .OF K, FOR DETERMINING-LOSS OF-HEAD.DUE..TO....... - -  
'T 4 . . . . . . . . . . . . . . . . . . . . . . .  SUDDEN CONTRACTION IN PIPES,..FROM THE FORMULA 

. . .  ...,....................................... ........... ..-. ? , ,  , .lli... *. L. .......*.* "*..,.. -. -.- 1- 

H, K, (vaa/29)  . . . . . . . : .  . .  , .: . .  , . , , , .., . . ,  & :  " :  8 / i l l  . :, . . . 
. . . . . . .  ... *.,, ;.: . . .  ,,, , ... .-..-.+ ......*... %. 4 .., ........ ,,... .........,.+..... ." ..I*.-..I...... ".." .... ...--.. . 2--- ............ --" ..-... *--,.*c. 
' 9 . . 

~ ,- . . ,, . ' . . . . . . . . . .  , . . , ,  A '  .,": :..; C'' '! . > ........................ 
' -  .-..::. . ,,\r. ... <~ 

, . .  , .  . . , , . .,,. ;<,. d,/dl = R a t i o  o f  l a r g e r  t o  ' smar le r , .d iamete r  ,. 
. ' 

I.' .............. ", = Velocityin..sm.all~r pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..' . . . . . . .  

j ,  / j ". 
^.. . . .  :; . &.:,.. . . -  , 8. 

..,.," .. , . _.._ . 
, . . . . . . . ,. , . . . . . . . . . .  . . .  

: ' . '. ". , . 
d, . ,  I 12 , " - v e l o c i t y ,  v,, i n  f e e t  per second 

:... . . . . . .  ........... ... ............ . .  . . . . . . . . . . . . . . .  . '.. ,..d ' : ' " .  - ,. , . 1 
2 3 4 5 6 . .  7 8 10 1 2  15 20 30 40 

3 :  - - - , - - - - ,_ _ - 
...... . . . . . . .  ' . >  ~, . .:, , ,  , 

. . , . 1.1 -03  -04 -04  .04 .04 :;:.04 .SO4 .04 .04. .04 :. ..05 :.05:: . 0 6  . . 1.2 .07 .07 .07 .07 .07 .,07 ' -07 . -08  - 0 8  -08 .09 .10 .11 
1.4 .17 .17 .17 . 1 7 .  .17 'y17 .17 .18 .18 .18 .18 .19 .20 

,i' . . .'2 6.. ...... 26,,'.2.c,^ ,.,26'"., 2 6 ,  26 ' 26 '.26"."26. ;2  . . . .  - , .  . . 5 '  . 2 5  .25"":24' . i ,  .. ...-...  ,..... . ... ... . .,. 1.8,. 34. .  -34  -34-. :.341.., - 3 4  ..:.3C.1.133:,.1.33,. 32.. .32 3 1  29 .  -27 
, , 

, , , ., s 
. . . .  " !  t ,  , . , , I ;,:.. ., !; ,,, , , :  : : ' .  ,. .,,. . ,. , . 

, . . . .  ...-. ;.2;0..- . .  - 3 8  .... 38 . . ,  37. -, ; 3 7 ; ~  ,.37 ,..37 ... .36,,.. . .36-.,. ..35-. ;34 . .33-~-.,31. .,..29 j 
2.2 .40 .40 -40 .39 .39 .39 .39 .38 .37 . 3 7  .35 .33 .30 
2.5 . 4 2 .  .42 .42. .41 .41 .41 .40 .40 -39 : ' .38- ,  .37' : .34, '  -.31 

j 

i 3.0 .44 .44 .44 .43- , . .43.,.:'143 ::.42:,:::.42 -41  .40 . 3 9  .36 "'!:33 
: 3 .', -,, 

. . , . . i : . .  .. '; 45 . ...4.4. . . . . 4 . 0  . .4i ..46.- ....46 .46 ..'.45 . ~ ..": 
! 

.45 .43 -42 .41. .37 "34 
5.0 .48 .48 .47 .47 -47 .46; .46 .45 -45  , ,.44 , , -42,: , .38,, . -35 d 

. ' . . . . ... . 10.0 .49 .48 .48 -48 .,+ . .48 , .47' - 4 7  . 4 6  -46 .45 ; . 4 3  4 0 .  .:36 
.49 .49 .48 .48 1.48. ;47,+.* .67;:.:47 

. . . . .  . . . . . . :  . . . . .  
-46 .45 .44 .41 .38 

. . . . .  . . . . .  , . ,  
. . < 

. , 
, . . . . 

, ., , 
~ ~ 

Reference: -Bra te r  and Kin , . . 
. . . . .  . . .  . . . . . . .  . . . . . . . .  . . . . . . . . . . . .  . . .  , . . . 

1: 
;:' 

. . ~ . ,  
. , .,,; . ,  . ,~ . . . . ~. 



Table. 8-3 
HEAD LOSS COEFFICIENTS .FCR HANHOLES/JUNCTIONS 

. . .  ~, , .. , : ,  Single Pipe Junctions: . . -: ..... ' :  

,. :: 
2 '  Type 'of ~anhole/~lin'ction Head Loss Coefficient (K) 

I 

I . . .  . 
Trunkline only with no 
bend at junction . .  :.,: 0.5 

I , .  . . .  . . . . . .  

I 
. . . .  . . . . .  . . . . . . .Multiple Pipe ~unctibns . 

. , 

Trunkline only with 45" 

7P , . 

bend at junction 4s0 
. . . . .  . . :  . . .  . . . . .  ., , ,, .: 

0.6, 

...... 

' . . . .  . . 
, ~runkline; with:one. . . , :  : h ,  

, " 0;6 .small lateral,.. , , , . , , '  
, . . , .  . 

. . . . . . . . .  
. . . . . .  . . .  . . . . . . . .  . . . .  - ,. - 

Trunkline only with 90D 
. .  , .  0.8 bend at junction . . . . .  ':.. . 

, .. 
. . ' ,  : , . 

, . ... . . . .  . . . . . .  ,, 

Type of Manhole/Junction 

. . . , 

Trunkline with: one , ,..~ 

0.7 . , 
1arqe.latrral-. . "". . , . " .  

. . .  .. , .! ., .),' 

Head Loss Coefficient (K) 

Two roughly equivalent . . . . . . . . . . . . . . . .  .(, 

entrance lines with angle 0.8 
. . .  of <90° between lines . . . , ,  , . ,  

Two roughly equivalent 
entrance lines with angle 
of >90° between lines 

Note: Above values of K are to be used to estimate energy cr head 
losses through surcharged junctions/manholes in pressure flow 
pcrtions of a storm gewer system. The energy iosa equation is 
hj(ft)=v iv(ft/sec) 1 

64.4 

Three or more entrance 
lines 

Reference: GoM~ng (1987). 

with v = larger velocity in main entrance or exit line 
of junctinn/manhole. 

1.0 

b 



, , , . . . ,  . 
."sr, .  .: ,,, : ,- 

HUNTSVILLE-STORMWATER MANAGEMENT MANUAL'- '' '. .."- ' "'"' ,.., , ? , ., 
, . , , .". , . . , . , . .,... ~~ -,.,,..>* ~." ,-,, 

. . . .  

1 



HUNTSVILLE-STORMWATER MANAGEMENT MANUAL . . , ~ , , . ,  ..., . .  . , .  , ,, " > !  ,.:t':i,:i.,,L<, 
,_  ..... ."." -. . . . . . . . . . . . . . . . . . . . .  

. .- ,, . ,"~ '-.. 
,,';,', 3 ;,,* < ; : ''i 

. . . ,  , r . I  ! ' , , r , ,, , iZ* .... ...; . . .  .;;.'. :,,?; ,r,;::,:,. :.,,<, b4>k *'"s..... :, 
,:. SUBMERGED MSCHARGED - Hydraulic grade l ine below crown.:of.pipr; . ' 

open cnannei tiow metnoas must w used a 
? 

. . . . . .  . . . . . . . . . .  . .. * . . . . .  
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full flow h i i n  &hod;may k used at manhols.:. ! ' .  

. . . . . .  ,...... .+ . . . . . .  
. ." . . .  x . . 

. . . . . . . .  z . . .  . ' I 

, ,  . ^ . ' .. 

., . . , 

e ,  . > 

FREE DISCHARGE - Hydraulic,,grode line below c'iown o\ p i p  ,: .." I 
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open channel flow methods must be used a t  manhob. 

. , '  ' .". 
A,; !,.. ,,~,:: ,;J:',~: 

FIGURE 8-3 
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Determination of Pressure vs. Open Channel Flow Conditions 
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CHAPTER 9 
Storage System Hydraulics 
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For stormwater. management, purposes ,. retention ::refers. ta..!.::: 1 ~ ~ 2 : -  

storage.,without~.access,.to :a positive outlet,.~while:.detent'lon.: 
f acilities:,,of f er temporary, :storage-~~,accompanied.~~by~~contro~~led~~ 
release -of tithe.stored ,water. ..Wet:'detention..;t:ypl&l-ly:ihas:.:att:;: 
pool of water below the::outlet~~elevation;.:dry~de~en~~on~::~sss~.~~~ 
typically placed with the basin bottom above the seasonal 
h2gh water table. Retention and detent~on:~can'~b~.:*~~&di 7. .  ! -'' 
separately or together in storage basins 

deve1opment:::of ::a,.,site.,:than,.$;bef ore~development~of :;a .:site' . ..$ : ..<.* , A , "  ..., 
(see Sections 2.1.1 and 3.2'. 5 ) . Each development ,?plan Twil2.1 
be..~reviewed , .  . ;: by.!,the &Engineer.. of :,..P,ublic .-Works ; ito.%determine,.: ib..! 

elease rate::: 

rading and depth 

... . . . 

, . ( . b  .... . . ! > , - . . .,*,. :....i .; , .-.- . , . , 

  el ease !rates : f orj.managing 
shall ?be:.?based .on...,lirniting, , , .  peak .runoff.: rates., ,$to-iimatch ir,the. 
following ,',value: ;,.,..i , : :. . ~ , . ,:. .. . , : , ..! . . , . :  . .  .: ..? ,:,.,,:. . 

, . .. , , .  . . ,.. , , .  . , .  . . ~ .,.. 

The post development and pre-development calculated peak 
rate of stonnwater runoff resulting from a ten-year return 
period, twenty-four (24) hour duration, type I1 storm 
distribution ('as defined by the Soil Conservation Service, 
U.S. Department of Agriculture) shall be equal. 



9.2.2 DETENTION VOLUME 

Detention volume shall be adequate to provide attenuation of 
the post-development peak discharge rates to the allowable 
release rates set according to provisions in Section 9.2.1. 

Routingcalculations shall be consistentwith~procedures in:' 
S,ection;:9.6 . : , ' -  If siltation during ,constru 
of ..detention, volume ,,; design dimensions.. ,sh 
prior\,:to-'submitting' as-built certificatio 
volume ;.:shall -be -drained -within ,72 . hours'. 

.., , . . . 
I ;  . , ,  . . . . . . . . . . .  . .  ? . . . . " .  , .  .,. , . . ,,.. , 

9.2.3 GRADING AND DEPTH . , ,.!:. : ,  1 , /  . . ,.! , . ,  - .  
' .  . , , . , :  , . 

. . ,. i ,; , . , . , c ;  . , , .  

TO obtain sufficient storage volume, :.the .construction.: 
detentiodretention 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 shallbe placed with side slopes no 

r < .  ,, steeper :than 4.: 1 . (horizonta1:vertical.)~. iiiiiiiSslopes foririp-. '.:. , 
''i rapped earthen.: embankments should.:be .;no,'steeper.:than :3 i l . .  :!.)X:' 

. . , , .  

slope :stability .evaluation i s  generally :appropriate<.f or .#. z,. 

embankmentconfigurations~with:.impoundment'.dept 
' .  ", 

. 
, . , .  " , , .  :: than :,':3 of eet : ..; .. ,: . . . .  , . ; ~ , :  .,. 

The: maximum.depth of .stormwater.detention/reten 
ties ..should .be consistent with saf ety.,and :faesth 

0 
considerations for the.:system.:' :In .general",.:.i6:!the ifacklity.. 
provides a permanent pool of wateri.;a:!depth.:suff icient ;::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 Ss:: 

.... . . .  ~" , . . .' . , , , .  ~ . .,.., ,. ,.. < 'V. 

ly . . 
reasonable. ,. . . 

. . .  

Other considerations when setting detentiondretenti'on 
facility depths include flood elevation reqiirekents i.' public 
safety, land availability, land values, present and future, 
land ..use, -. water table fluctuations;. :soil  profile character-.' 
istics , .maintenance, and .freeboard ..'. ~Aestheti~a1ly;~pleasing ,. 

features are also an important consideration.and- can often.:, 
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be provided with little :extra :cost or loss. of .:.capacit~.,:-,,:Ar. c minimunf reeboard o f  .1. foot above ,the.:high...water~:.,el.evation~. ... 
.of .::the design;~flood;shal~~:be ,pr~yided.,;~with higher, valhes.*>.b:. . . 
considered when addressing special concerns., A ~sixt;~:6~)i::foot: 
high security type chain linkfence will be required around 

. . all retentionldetention. ponds. The fence shall include 
three ( 3 ) strands of ~barbed:,wire,i:;at.,'the top and a minimum - of 
one (1) 12 foot wide' double licking gate. 

," L. . I , r, I_ ,  ..<".. . ,<  .;,-~. . . . , . 'l'. 
~ ,, , , , , . .,. , . . , . I '  , . - . >( 

., , ,,:,.. , ; . ,b -J ,7 ; , , ?  ., :s:- ; , < > ' ,  - . .. , 

... .. ~ 9 .2 .4  OUTLET WORKS - ., .t::. . . . , .  . . . . ,  . . ,d . . . . !  ,, , .  . . : . !  , 

Outlet works.;,shall l8b.e .designed'.to I-prevent~.overtopping .of the 
embankment based on a 100-year discharge-:rate considering 
total watershed development. Out1 
f ollowin'g!-.f oms: ....I L! , ' , . . , . . .  ., 8 4 , . . , .  . ,, . : , " .  

1. Drop in 
;.2,, ..4:.,Weirs .,. , ~ .  . , 

3. Orifices . j  . . . , .~ . . .  ... , . _. , 

4. curb op ior parking lot storage 
. . .  . . . ; . , : ;  ; .".  . . . '  ~ . i,. '; . -, .:zz..  , ' ., ::,.+ . . ' . 

~he.:~ri~ci~al -spill"ay, ~sh&ll.,..convey,:the:. LO-year .discharg 
rate f'or ~totai..,wa+e~shed,deyelopmentt .,without. ~ak10wipg:lf~lo 
to enter the emergency outlet. A smooth and,,:stabXe.:;;~~ c, . transition to downstream facilities shall be provided. The 
sizingu, of a :particular .outlet~~work.rshall be: .based :'on results 
of :hydrologic routing calcula-tionst, ($see r~ection 9.. 6 ) , 
c6nsi'stent...with - ,. ,c,criteria. :in:.Sections8:.,9i,2 .:l'.:and.:.9i2.. 2. 

9.2.5 WET PONDS 
. . , ' . . ,  1 .. : , , ,  

. . . , , .. : i  ' , '  ,, 

The ,b&tdm .of;..a detention. ,pond !'intended .to,::have ..:a.:.p&inanent 
pool of ,,:waterti shall:. . ,be - .  . sealed. according ,. .to , the:f ollowing 
criteria : >. . ?,, ,. 

:1. .:. ,,:,Compact .the ..subgrade to :95 percent .:l(.S.tandard ;. 

1 :.', ' Proctor. :Test) ,with,:an opt~mum.moisture-:,content of . .  , ,  ., . 
.. . 

, . . . 2:percent ... . ,. , , ;,!,, , , ; , .::. .,:,. . ..<.;.. . 2..i.i,lf, , , , . . .  . .  . , . . . , . 
' !I.:: ,,,, ?,:+ * ,.. -.: ,,.'1..::'.15.. . ..,,,. j i .  ... < 

2. place two 6-inch lay (plasticity index 
. . . , greater,.:than 20 )...abo.v.e .the ?.compacted. subgrade. 

>,: .Each,.:6-inch, !laye!er,i shall be; :~ompacted.~to ~ 9 5  percent 
,,:(Standar&.!\Proctor. .Test),.:with *an optimum:moisture 
content .of .:12.3.percent. ..A,.!.. :, . ' . , . , ..:. 

. , Side . slopes.: . . - f or , .  yet, ponds shall be. no greater than. 3 : L-and 
m, 
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riprap .shall be- installed to,:protect :slopes from wave , . '.-:- ..:.; 
attack.:.,.eRiprap shall :b 
elevation and:, up ;to tthe 

0 
of .,.f reeboard. 

;:?\;*<;'.. ;,,:< 9 . 9  

.,:, %, , z : 
# ,,,, 

,,.';, <,. i'! , . j f ! i , f  ', t " ! ~  ? . ~ 

The following th 
sizing a stormwa 

, ) ,  :.! ,'?I.. ;., :s.iTnf 1ow.hydrograph :for ,an ap 
, , .  ::<) ' (.see Chapter;.4,):, ..:. . . . . , ;. , ; 

, . ... , . , ., 
; > ,  . . ., , ..,, . ;,.: 

2. Stage-storage curve fo 
an example) 

, . ,  . . , -, . , ,  , " ._: , . . i.;. .. -.i 

3 .  Stage-discharge curve for basin out%'. control 
structure (see Figure 9-2 for an &xaniple) , . '' 

, . . ,  
.~ . . . , , ,. , , . , :. , , . , . 

,,: ,. . , . . . . ,  ,,JLI:. ' .  I 

, In most cases, a trial and error design procedure is 
I required,.~because. only the.';inflow..hydrograph.<:;is ktidm;- .,.-.A..::.i'i, 
general ::procedure for,2evaluat,ing.i~these ..variabl&:ds, : i,.;? ;. h: 

: r ' :,:.. .-,.-n:- . . > r  7r, , ::..*;- ,. ' ' , I . ,  , , , ... . .. r : .  a i .  "?:: 
,.  . . .  . .,..:, j. .,+ , ,  . , " , . '  . ."LC . .:,.. .. -.,,..,> , ; ,- ... y ,  ~, tp ; : ; ;~ r?~A.~ :z~~ ,n :q~ ' ; : ,  ' :.:'. + .:.is t r ,  + :  .:,!',f.:..;,"? 

ompute ' inflow ;.hkdrographe +'for fap$rbpriate .:des5gn 
storms-using ..p rocedures c,f rom .Ch&pter .4.~:.-: .IR. .most' : 
ases:i.,both pre-- andipost-development !hydrogr&phs.r, 
are required. 

. ,, 

2 .  Perform .preliminary calculations to select a 
. . . .  , . 

, . , ,  . ~ .  . -..reasonable detention'!-storage' ... configuration: (see L....! ' .  
, , .  . 

.' , :. Section 9 . 5 )  +.to handle -the: hydrdgfaph$ "?.from ? . , ~  .<.. , , 
, ., . , ..:: ., , , . 

Step 1. . .,, . . . 

3 ,  .; Determine the. physical. dimensions..hecessa .to 
. ,  . . ' ..... . .. . .  hoxd .d: the -.estimated volume ',f roni -Step :2, :including 

freeboard. The estimated vo1ume';is:the maximum 
storage requirement calculated from Step 2.  , - 

. . . . . ,.- , . .. / '  , , ' , .  . ,  . . , , ;  ,,, , . . . ,  , " ,, :?,." : . .c' ,.;,+ :, ,,,:,;.: .: ; . c ,  

.4.. , :,::': size'.',the outlet', structure. . The ;estimated peak 
, , . .~ ;... ..:, rr-r: ' 2':::stage -will -,occur for the ' estimated. 'voLde from 

. ., 
$.,<:!:::a ~<,..~.Step..: 2.1: - The ioutlet' .'structureGshowl&rb'e~ '?sized to 

convey the allowable .: discharge'::ac :tlif 6Gstage. 

it.!7-5 ..: 2 With tnf l~w-:h~dro-~rit~h$ f restep :%, .perf o m  rout- n 
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c ing calculations to check the design using the 
Storage Indication Method (see Section 9.6). - - 
If the routed peak discharges exceed the allowable 
peak discharges, or .ifkhe eeak"stage varies 
significantly from the estimated peak stage from 
Step 4, then !revise the estimated volume and 
return to Step 3. 

6. If appropriate, evaluate the downstream effects of 
detention out-flow to ensure that the recession 
limb of the outflow hydrograph does not cause 
downstream flooding problems. 

7. Evaluate the control structure outlet velocity and 
provide stabilization if 'necessary. 

Because this procedure can involve a significant number of 
reservoir routing calculations, a computer procedure is 
useful for conducting final routing computations. Addi- 
tional information on retentioddetention basin design 
computations can be found in articles by Mason and Rhomberg 
(1982, 1983), McKinnon (1984), Mein (1980), and Rossmiller 
(1982). 

c 
9.4 OUTLET HYDRAULICS 

Sharp-crested weir flow equations for no end contractions, 
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 CONTRACTIONS 

A sharp-crested weir with no end contractions is illustrated 
in Part A of Figure 9-3. The discharge equation for this 
configuration (Chow, 1959) is expressed as: 
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. . . . .  . . . .  
,., I . , 1. , , .  . , 

. , . . . .  where: . . .  ;. 1 ;.: . ..; . . , . .,: ,,,. :., ...I. : 

r . ~ i . .  : '.&.>;  .,; :: l'.,,,.. . . " ~ ' . . ~ ,  . ; ~. ..\ i.? < .,. , .... 
. .: .,,.* , . , .. ($7;. ,~ , . .:. :; : ,; . l i .  ' : I ! . .  

. . '. i>;8.v:. :;.,; 
- a  

, . .  , , . . . . . . .  . . ,  . . .  , . .  ... . . .- , ., . 
. , , . . .  . , . " , , ,.. j, . . '. ' , ,  , . 

.I i.. ,,: , ,, ' ," ~ ". 
.~ , ,  

, . . . , .  *J, . :', ,, :, . . . . .  
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H = Head above the weir crest excluding velo~ity:,~ a head, in .feet (see Figure 9-3, Part C) , ' 

.;.',;-": xi* \ *;;.,!".:,.:. ,:;.:,::~.$p$>~>;;;,;,:~:: :? ?:,G 
Hc = Height of weir crest above channel bottom, 

in feet (see F~igure! 9-3..>:,?Psrt:X)~ $2 

L is. Horizontali wei;r:Aength ,riin..:.f eet -.< : i; 
9.4.2 SHARP-CRESTED .WEIRS--TWO ICONTRACTIONS + A' 

A sharp-crested weir with two end c,on~r,ac,t~on~:~s~~~~j:~~~~us-.. . I.,. 1 
trated in Part B of Figure 9-3. The discharge e 
this:,;conf iwration ':I( Chow,;;:~l9:59).:is~ :expressed,cas::. 

, . .  ,, #,, .: ., ., . ... '. . . . ?* .: . .L;fc,-.. 3, , ' . .? ,, 

. . .. . . ,  .., , where: .. i . J , , L . .  ... , .. ..: .,,,...~,'.,- : c,.:,:,- . .. 

. . 
.. . . , , .:*. c:*;i:~).iIi - =  Head .:above rthe-':-weiit..~.crest: relcluding velocity . , .. 

head';. in feet??~fseekFigure:?:e9'-3,$;xPart C) 

Hc =. ':Height :.of ~.wei.r.~'crest iabove.~;channel..-bopt~mI: kn 
-I.( .:. -:f eetb::.(see,;.Figure.<, 9-3 ,?r,Part:::e);cr 2 : 3 . e ~ # . , ~ , ,  .:. -;; n r ,  

*~ .<;,t":>.: - , , :!;r. *,;, ..; .f..$% r:,,:r .:&:,L ;,,&,:$j"; ::: ..+<g,; $$.CS J e:, ;> s,e$:z;., 1,:. 
G-~.~L::.=  horizontal' weir length, .-kn ;feet.- ,; ,-?,z:~ r;;.,,.. ,:.:I :: 

,., , ,, f ;; <:, ' - .". .'' , < , , < .  , , . ,,. . C.S ... ,,. ," i r  9 )  .. ., ,, ,,, ,~ .,;,; ;;,:: s ,, >., . - . , , ,  , 

9 . 4 .:3,i,..:SHARP-CRESTED. WEIRS--SUBMERGED~PDISCHARGE?J:L~:-;~::,-:~ ,j,:.::.; '.,- 
. f".,$i ti .,~.# , " . , -.' ? k7  .I?*;,. ,: ?;:!:.z.;.*, :: :, Y.1!.:*$,, , . '.. : ... ", i . , j  , ' 4  . . <".. . '. . . ,, . , 
The ef f.ectio,f ' subrnergence.:on ;.a:sharp-crested.:.urefr;should ,be 
consi-dered. rwhen applying Equations."?-9-1 jarid rB.-2; :When :the.:!# 
tailwater~~~rises:~:above.i:~the:,weir:~crest elevatidn,, :the df s-,,:,:. .. 
charae over the weir will. be reduced. ,&!:To account£ or r:this.i,.; - - 

submergence effect, the free discharge obtained by 
Equation 9-1 or 9-2 should be modified using the-equation: ' 
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where: , . ' 
., . .. 

. '.. . . , . . .  
, , . , , ~  . -. . . . . <  , ~ ,  , : 

., ,. , . , ..: .. . ' , . , . .<., > . , . ,  . 3: . .  . I , , . , . , .. 
Qs = submergence flow,' in cfs 

,. .;.. .., .L :.;l,ii' ::.:?":?:;::: .... ' .  :: ', ' , '  t, : ;;**. .;,:, I I '  , . .. 4 5 ,  : 

Qf =::Freel'flow,', in ;cfs. . :.a:: .: :, 
, . 

H1 = Upstream head above crest,..in.,,feet 

9'. 4 . 4. -..BRO~-'CRESTED.:WE:IRs, ':rr,i ,.> :~*n.:l I:: - ;.,*; . .. . ; . * I  . . .* , ,'- . ... : .. ' - 1  ,.:-.,r,.:, , , . , , . . .+ 
, . . . .- i , i ... i; .. baa.. ,e .,' ., .,. ;A .h-ri" < ' ,  ; 5.' +< ,  ;T ,,I:: i,<i' ,,,, i L  t i < ;  ,,; +,,;; - ? : ;  . .. .. , . . , .,. . . 

The general fo .broad-creSted .beir.!equatio~ '(Brater. 
and King, 1976) is expressed as: 

Q = C,L!Hl.5 ', , ., 

* '  > .  . ~ 

, ,:: ', .. , . .  , . .. . .. . , , . .; ., 

(9-4 

where : 

Q = Discharge, in cfs 

, C = Broad-crested weir coefficient ( .. 

- H = Head-above weircrest (measured at.least 2.5H 
, . upstream of :the .weir), in feet 

If. the,.%pstremr;.edge,,*'of: a ::broad-crested w e r i  so rounded 
as to prevent contractLon,-and;rif~.i,the~~*slope;cof the crest is 
as great as the loss of head due to friction, flow will pass 
through critica1,::depth at ;:the weir Crest.& ;:,this .:gives the 
maximum C value of 3.087 for a broad-crested weir.. For 
sharp corners ; ~ ~ ~ ~ . t h e ~ , ~ b r o a ~ - . c ~ e d . ~ . ~ i r ~  : a::min'imum.~!,C.;value : 
of 2.6 should be used. Additional data from Brater and King 
( 19.7 6i): ~urf:seIecting t.C. :values ;.f or ?,broad-crested weirs.::are ., 

preseated.:%n Table ;:9-1 I: irThe.'ef f ect o,f. :.crest roughness ;.and . 
s lope.a?on: weTr ,discharge can ;be~computed,,.by :.:'applying . , -  r:.- ,.. . 1, .. 

#."t :>..:,;,. ,..,,: ,:, . 
. . c,,, j <': ;,,, ,: . : , 

The discharge thr0ugh.a v-notch weir can be evaluated using. 
the following equation.:(Brater . ,. and King, 1976): 

1 , l.." : 
6 ,  

:, 
. . .' : ,: 
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... ....,.... ... ......... : .  ..- ..a =,; Discharaei:.kn,.. cf s ,,,:9~.;!,; IW,~:, 1( i- ... - ,:, . . . . . . . . . . . . .  ..; , ,.:* 
. . A_:. .,;~~~~:,:~#.~,.?,?>..: 7 '  , ,t,h.\,.i*;:,c ~e:.:g 'i,;,~;,(~, . . . .  . .  A ,  .............. , : :  ............................. +, .............. -. i s:. ..-.- ...................... . . . . .  . . .  

, ,-,. .-r -=, Anale ,:of v-notch 2;:&.;dearees,-?;;fi~;~~iii:;::~~1i il C C, .I ; - 
a-~.- .... 

?.*. .j ,i .+ ." <!.:; i :!-or: *'c$.: ,'! :L,;, W S , !  !,., y>c??:,,! ,;;j ,:x:33-$1?~i,:>:3$'i . 6",,;$wj?,<:;t;:h:.; ............................ ....-. ;;-, ,.-. -.-* . .....--.- ..- ..--. ......* 
- ~ ,  . _ .  .... .:<, ...j.iL :!... _I_L- ..,:,:H -..-...- = , Headi,on c .~vortex.:;of:,'notch., ,irr'cfeet.,~rjy;~; 

, -,. ,,,, . , ;. r i.. pi-) , , : : - '  4 ,  , & , :  P . oe.:i a~?fjj ,.r\, 

. . . . . . . . . . .  -... +: .. ..i.XL , ..................... , .... ..-, . .C.*.. .,r; O;;i.ICES . . . .  

<, ', t'. . ,  : ,  . . 
, , -'..:, ,<;-.: , , , ,  !. : ,:5 

~he"$ischarqe throuah&'orifice can be evaluated usinq the - 
followinq equation: ......._.... : &., !, L~,!? ,~ ,+~  ... . 

. . . . .  where : . , >  . ... . , 
....... : I:: : , ..2:. ,,. 9.' -2;. -. . . . . . . . . . . . . .  ............. 

. . 
&. ,. . ., . ~. , .  . . . "1" 

Q,.r Discharqe.;',,!in cfs t,.;,:!:;: , :. .. 

, :.. . C = ; 0rif ice:.coef f icient .l&:va.lue of . 0 . 6  is usually - ...,..... ...-.'-. ;, 

a~~ro~riate: see Brater and Kina r19761 if '. dnf ormation_&,~desire&) 02 ,,+:, ;, 
, ,, ,- .,. ,, , ,:, 7 t$,.? + $:.,<? ,!,, :?*!:~~~:~,:>$?~ .f:3if:: ?>,?j. *.. e., .-. .- .....-. ... : ............... .- . - ... " .-... - ...... 
of* orif ice. in square 'feet;:*kg3,:j g, 

9 Acceleration due to qravkty~;:32t:-~.~:fee~~seCOnd 

. , , :. ,. r ,  . ,  H . =. Head ..:above .orif ice- centroid.,.! :in.:-£ eet,;: i . . m .  , ;!,-:; . . .  i ......................... .-a . . . .  
:,;~:.;,;;,.:,;:;,.<;;,!:::;~ &i,j. ;:~<:!&:.;;~;~.,~:~ ,G:j, Jl<fSl, <2g&.l>lx, :iJ>&k:Ji::.:.::>;;. .?;!:?:?;>2~:..'!:.', :>;, ,, . . .  , .  - 

The ,f 01lowinq:~ste~s ...p rovide ;&,iara~hical i~roce'dure~:for ,:.: - .. 
develo~inq~~,~~rel-irnina~.~estirnate~.:o~f -<the,., storaqe.~volume 
required to meet~;al.lowab~e:,~dis~har~e~;requ~remen~s:~ 

1. Develo~ an inflow hvdroara~h and an allowable & - <- - 
outflow rate, Qo, Plot the hvdroqra~h on ara~h 
pa~er . 
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1 
2. On the araph from Step 1, draw an estimated - -- 

outflow hvdroara~h with an allowable Desk outflow 
of occurrinq on the recession limb of the - --- 
inflow hydroqraph. A simple estimate can be made 

drawinq a Zrai hx line from the point at which 
discharqe bzqins to Qo on the recession limb of 
the inflow hvdroqraph. - r - * $ '  , 

3. Calculate the. area bounded /,be:? tHea',:line from Step 2 - 
and the inflow hvdrosraph. This area, represents -- 
pre1iminarv:;estimate !"of -.,- ~the' required s'toraqe 
volume. Assumina trianaular inflow and outflow 
hvdroqrd~hs , a:-~.preliminary Cestimate'::of - the storaae 
volume can be made usinq the followinci equation: 

. . 
sz0.5b1Qi= - 

..<.. , . "., , . . . . . .  . ..;,;{ ..; <: .: ,' $. . . . . . . . .  . ,  . 
..... . , ,  , 

. ! .., s..= Volume of:.storaae, in cubic feet - -. ... 

. . Qi 1 Inflow flow, in cfs ........ . . ..?. 
p . ., . 

Qo = Outflow & flow. in cfs 
' .  , ;:;. . z:,..;.!b: != #Duration ,.& ' mnof f , :&:seconds : :A,:. ..: .:- 9 --.-.--..- c ..... ? f ,  'r 7. . "., b' .. '"r.i..l-. . * ' .  - ,:.. . . .  " ......... ,;, .... .... .......... .... ..-: ...!,.:. :.;,*,:,i :..::!:+&'i i>J"Ji: "...r.. ::i;.: :? ,~  !,? ..,<:~.<12.i,?,:;:h.i: .... 

4. - Confin ;that the ,;prePi~irla+ cesfimate adequate, 
usinq the Storaqe Indication Method (see Section 
9 . 6 . 1 y--.u?: *. .% , , +  r . .~<,.~,;;;,$,j:,;':. xY~,,i,,,-.,,- , .  .: . ..... . *.,? ,: L :. l, :; .$*?.i.,* :: .:. . . . . . . . . . . .  

A preliminaw estimate "of the-potential-peak flow reduction - 
for g selected detention volume can be obtained as follows: - 

1 . ~et~&i~&<!.i~~~~::d~~&,~.;!.i~~'~~hin~,.t~&. flow rate - - -- 
of the inflow hvdroqra~h, Q-, ,the,_ storaae, volume ,., -- 
S and the duration of runo$f i:,b..a," ,, .::- k!.,.3..iri.., . . . . . .  A - -  ........... 

2. Calculate =.preliminarv estimate of thepotential'. 
. .  .peak flow reduction .for .the selected storaqe :- . . . .  

. . . . . .  volume ,,usina'the, followins ..equation: . ' . . 
. . 
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'conds 

S Volume of storaae, cubic feet - 
....  .. .. , ,*; 

,*. 
i' " . : 

3 .  confirm that the pr&limina& estiiate & ademate, . - :,: . , . . -. , . usinathe:~toraae-"~1ndicationi:Method Section 
, , 

..,, 9.6.1):: - .. . . .  . , . . 

9.6 ROUTING CALCULATIONS - 
, . " -:,.', . "  -, , ,  ' , ,;. (. .:.. ,.,.,'. .:>::+,, - ' 

, .,.. ,.. , ",... -.  . -  ,. :, . . . . . . . . . . . . . . . . . . .  ......... . . . . . .  . .  . . , .  , . .*.. 

The Storaae Indication ~ethdd ~~:r&commended fbr perfoniinq ." - 
reservoir routina calculations forfinal desian of detention 
facili+*s.; , , .:c!:,:",;, .& : :; : . 2 ,  . .,',, . . . . . .  . .** 

f 
\- The followina vrocedure is used to perform a reservoir - 

routinq & the Storaae Indication Method: 
; 

1 .?:: !, Dev&lbd$&ns,i.nf loG hi;droeaph ,'-,.a staae-discharqe - - 
. . curve, and a staae-storaae curve for the proposed .... ........ s detention-: f aci1it'ies.-:r .:Examvl'e staae-storaae and 

staae-discharae curves are presented & 
.~.: .'r..u F,iau~esliig-l:::~nd ,,'9-2 :.,i.respebtivelv. -- 
2. Select a~routinq time period: Wt. to provide at - 

least five points on the risinq limb of the inflow 

Use the storaae-discharae:data from Stev 1 
. . :..::;;::.&evex'5 storaae.. ch&-acterps.efis .'icunies"iIthat.:.:. 

, .. .,, +,: :,,,:;-~,:x$ .",'lGr-ide . l~al&&'s of, S'?:.: i OWt'/21'.i&=sU's. (Jtd~e:. An . ,  . . . .  -, - 
example.:,tdbul.ation ;&.: stora~eii-::chhr&cteri.stics 
curve data is 

: :, .......... , .: ,:,jQr.~ Gr@;:i:g 4 ,::::, \ .x ,;a, a . . . ..:........... ,, . . . . .  .. - .". \" ' .  ;.,.',.,! . , #  ............;.... . . . .  $..;>::;>..:!.: ..: *?,,$?.?& -.-- 
, . .., , ,,*:. ,. , .:, ,. , ., ':..c,i . : ...* ....... . i .  

: , ". . . , .  , , , ,: -. . , . 
l l 7  



4 .  For a qiven time interval. Ll and I2 are known. - - 
Given the de~th of storaqe staae. B1, at the 
beainninq of that time interval. SJ-O7Wt/2 can be 

0 
determined from the a~oro~riate storase charac- 
teristics curve fe.q.. Fiqure 9-4). .A* :* - - -- . 

5 .  Determine value of s2 2 02Wt/2 from the - 
f~ll~~ins'relati~nshi~: 

where : 

& Rout~inq~time.period. b., seconds .:,, , ;, .... *.. ... 
. h 

.. - , . ,  , , . . , , ,  0 - Outflow rate .at:time:Jl, :in cfs ........... , . . . .  ,., l i  .. . . . . . . . . . . . . . . . . . . .  . . ..... . . .  . . . . . . . .  - 1  = , .-=,. ......, . , 
:',.:,,:;:,, ,3,. .;..<.. ..;!::'., . .c<::, :.. ; ,:!, ... .. . .  

, . . . . . . . .  !.'.> :.>...:::. .:.,:jc*:.., . . i  i.. . < L ;  ??i i . ,  
I I ' = 1nflow 'rate: at time, 1'; .:in cf s ; .  , . . : , . ' v P , ;  + , ;i;,:;,, . _- I . . .  ............".. .?&. , ,  . . . . .  -1.: - ,.,." . . . . . . . . . . . . . . . . . .  

....... . . . , . . . . . . . . . . . . . . . . . .  . . .  . ' . . . . . ' .  . . ':. ........... . .+ . ,  . ;.:il!' . -  -. ,. .::. &A:: ' :  .;;-&:?'': Inflow rateLat .*time .2':':i< cf s . . . . . . . . . . . . .  . . . .  -- 
6. . ,  :- Enter-:the ,,a~~ro~riate ,storaqe, characteristics . . 
~.L~',~:,-~Urve::vJeYu. ,(lFi~ure 9 -4 )  at. the-b,value,of 
.., . 

O,Wt/2 deter-mined in ~te~:'5-:and .read off a 
,. . 

new depth of water. 13zA - 
,, . . , . . . . .  . . ... ... ,- . . . . .  . L<<jJ"$ $;>:,>.":: ::,;:;,;;:;!" &.> :.2:,: ..."- v ;,,: A: i.,.,::: F ;is,:. >,... ........... ........ 

7.  Determine ,!the,va~ue :&.:Q2 ,:,: which corres~ond~*'to g -~. ....... .... - 
, . - ,  :. .A,!- sta" "e:.'of:-H$::determ'ined in Step , 6 , ,  usinq>.the staqe-- ..?. 

. :' . 1 , ., ;ais-ciiarcre-;. durv'e ( e .a ... F i ~ r e ~ . . . ~ ;  ,/,.;::: x,.., 
G ... ,. . . . . . .  . ,-. . . . . . . .  ........ .,.---.---...,--" - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  < P , ~ ~ ~ '  g;,"@.,3J'>rf:,2,- & > ,  : ;c , . . '  ' ; ; :  3 &: . . ; .J  ........ *. Tie' ,&lif- Sf&,D., :6h=ob h..2ii eefiii' .; ,ii=GI'iv slues of - - 5  

Ll, QIL and HI eaual to the'preliioUs'L2,Q2, 
S and &,.and usins a new 19 value. This -2, - 
process continued until the entire inflow hvdro- 

A 
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g r a ~ h  has been routed throuqhdthe storaqe*basin. - i 

";, !. . '  . . 
,,, ,. . . { % :  ....... * . . . .  .J\ . . ; r i ,  .:i.*.?+!\; ,,,; Ld., . t . , , . ' ,  ',<: ::..~.;.v. . . -  ....... I.: ,::r:-:.'! 
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Example 9-1. Reservoir Routing Using Storage Indication 
Method 

An example application of the Storaae Indication Method - 
usina data presented in Fiaures 9-1. 9-2, and 9-4 is 
presented Table 9-3. The inflow hydroqraph is aiven in 
columns 1 and 2 of Table 9-3. The obiective is to find the 
outflow usina the Storaae Indication Method. step-bv-ster, 
discussion of the calculations summarized Table 9-3 is 
presented below. 

1. Usina the data tabulated Column 2 of Table 9-3. - 
calculate: 

and tabulate these values in Column 3 of 
Table 9-3. 

2. Given that S1-01Wt12 = 0.05 acre-foot for H1 = 0 I/ 
foot, find S + 0 Wt/2 by; adding 0.05 + 0.01 
(Column 5 va 1 ue p 1 us Column 3 value) and tabulate 
0.06 acre-foot in Column 6 of Table 9-3. 

3. Enter the S + Owtd2 storage characteristics curve ; 
in Figure 9-4 andtread the stage at the value of 
0.06 acre-foot. This value is 100.10 feet and is 
tabulated as stage H2 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 Ha to HI, find a new value of 
Sa-01Wt/2 from Figure 9-4, and repeat the calcula- 
tlons for Steps 2, 3, and 4. Continue repeating 
these calculations until the entire inflow hydro- 
graph has been routed through the storage basin. 
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c 6 .  The Storage -1ndicationMethod calculations give a 
peak. out£ 1ow:of :. 220 cf s . '',. The .in£ low;-hydrograph 
has a peak rate of 360 cfs, so a reduc*ion.,of 
approximately: 40 percent is calculated. 

..,,> >,*:,;;;,.:'t/ . 

' ,.Protective- treatment ,map. be required to' ,prevent entry tor . . 
facilities that present a public safety hazard. Fences 

' 

. shaT1'l'be"'proyided for detentibn areas where'.ode or.,.more of:. 
the following conditionsexist: .. ... . . . . . .  , r  , ,  . . .;,, . . . . .  ....... , , .% , , . . . . .  . . . l., .. 

, ,  , . .  I .# 

1. Rapid stage changes that would make escape 
. . .  . . :., .~practica'lly impossible for small children 

2. ,,Water. depths. that either exceed 2.. 5feet. for more , . 

than. 24, hours o r  are permanently wet and have side 
slopes steeper than 4:l (horizonta1:vertical) 

, . 1 '  ; , , . . , , 
< -.,, L,  , .,,,. :. , ' ,  , "  ,. ,. , .~  . . . , , >,. 

3. Passage through the detention area of a low-flow 
,.-. ...... : . ; . ..watercourse or. ditch with, a depth greater than ,... ; 

L ,  

5 feet or a flow velocity greater than' 5 feet per 
. . . .  . . -. . , . , .  . . i  . . . .  : t second . . .  . , .  . . . . . . 

_ .  .. . .  . . 4 .  -,.; 'Side. slopes that equal or 'exceed :1.5: 1 i . .  .. .,: , .. 
(horizonta1:vertical) 

. ,  , . . c :  . , ,  , ~. . :. . . , .. , ' .  . . . . .  . '. " , .  ? .  . , . ., ., .I , , . . . .;., b 

Guards or grates may be appropriate for other conditions, 
but in all circumstances heavy debris must be transported 

. .:through 'the detention area. .' ;Zn some cases ,,,'it may ,be ' . 
advisable to fence the watercourse or ditch rather than the 

. . . .  
- .  . detention: area. , :  .. . . , . 

j .  Fencing should be consideredfor dry retention areas with 
design depths in excess of 2.5 feet for 24 hours, unless the 
area is within a fenced, limited access.facility. 
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' .BROAD-CRESTED WEIR :COEFFICIENT C ,VALUES , ', . , ,... , 
. . . . ,. . -;AS. FUNCTION oq WEIR CREST.,BREADTH AND HEAD . . . . 

, , .,. ,, ' . . ',,., 

. .  . . .. , { . . . ., ' 
Measured 
Head, H~ Weir Crest Breadth (ftl 

(ft) 0.50 0.75 '-1.00 ,: 1:50 ,: 2 ~ 0 0  ,%.2:50; 3.00 4.00 5.00 10.00 15.00 - - - . - - - - - 

Reference: Brater and King (1976). 

a Measured at least 2.5H upstream of the weir. 



. . ,Table 9-2 
EXAMPLE .TABULATION., 0F:STORAGE; CHARACTERISTICS. CURVES 

2 ,, . . . : .. 
. .....................-.... ta.ge .....'....-...a ...-...- b... .---A- .S ;-~b~c..---.-s..+..-~.tC . .... . . . . . . . . . . .  Storage Discharge I. 2 2 

. . , ( f t  above NGVD) (acre- f t )  . , ( c f s )  
, ,, ,* (acre-ft/hr) 'i ' - ' !  (acre- f t )  (acre-ft)  ..... .z , , ,, ,. .,~ ., , ,,," * V d & z E : -  J. r." , . . 5 

. . . . . .  r 'u ', , ' .  , >  . . . . .  ',. . 
, . i : 

;.,* : . i , . ;  :> , i , '  ' ,  , ,. . . .  .." ,' $A,.. 
i., ,: ,  . . "".: 

a ~ b t a i n e d  from Figure ., 9-1. ,: . ,  . . .  ., . , .  5 ., , P i i , ahi, 

b ~ b t a i n e d  from Figure 9-2. .......... - ..... - ..... . ~ .~ . . 

C A t  = 10 min = ,0 .167  hour. . . 
,,, , . 

dl c f s  - 0.0826 acre-ft /hr.:  ,. - .. .- 
.. 8 . ,  , . .  . , ,  . . ,., .. . t '  . . . . . . .  ..:. . .  .,. . . -. , . . , !  

. . . . . . .  . . .  . , . 8 
. . 

. ! -  : , ?d.'$;!.;-. ,, , : , r l i  .!i .. ' , ,.:;..:.., ' 



- Table 9-3 
.STORAGE INDICATION METHOD--EXAMPLE. CALCULATIONS 

- (1) (2) ,. (3) (4) (5) (6) (7) (8) 
.. .. *,,.,,,< ~, 

, , , .-.~>.!, , 

~~ 

, r i a r  
. , , .  2 t ":".~i..+ Ft 

..(inin) - (cfs) . . ,  (acre-ft) (it) (acre-ft) (acre-ft) (ft) ... ' (cfs) 

Note: 

O2 
0 

S 2 +-At 2 - -+At]+["+" 2 1.1 Equation 9-9 

(column 6 )  = (column 5) + (column 3) 
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FIGURE 9-3 
. , . . . , , . , . Illustrations ,...,...... :: . ..l..u Lr..i..... of Weir a: .... - 1 Flow. ..- .Mi,i Control . *-,. &.,. &.. Structures . .... ~,,.%.-. -..* 
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CHAPTER 10 
Erosion and Sediment; Control 
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The Engineer  o f  P u b l i c  Works s h a l l  r e q u i r e  t h , e . f o l l o w i n g  

, , .̂  . , . . . <, . ~.,:, . ;. 

i n fo rma t ion .on '  f h e  eros2on.'and/or':s'~di~&nt ' con t ro l  p l ans :  
, _:. . , : , , . , ,_.( i 

1. A complete p lan  . o f  . .  t h e  proposed . , .  development a t  a  
::, , , , :  r " :  . ' ? .  schle -,n,6' .than l inch ,.feeg. "' Thi s  p lan  

i s  t o  , include '  ex- ik t ing '  &d p r ~ i j ~ ~ e d  ' c & t ~ u r s  a t  

, . . .  
i n t e r v a l s  no g r e a t e r  t han  2 f e e t  w i t h , , a t  l e a s t  one . . . . .  , . .  . , b&r,chmark:.req"fred. i .: , . .,.,: , 

s m  . '4 

, ,  , . .. , , ' ,: , : :: ,. ., . .. 

2 .  E x i s t i n g  and proposed. b u i l d i n g s ,  impervicus  .,... - 
6u~rfac&k,"'~and"drainage~ s t r u c t u r e s ' ;  - . .~ ., i n c l u d i n g  . ., 

. . i n l e t s ,  c a t c h  b a s i n s ,  manholes; ' j unc t ion  boxes ,  
driveway p i p e s ,  c u l v e r t s ,  cross d r a i n s ,  headwal ls ,  . .  . ,  

'8. . ' . . .-, - .  .. . -,faci'l.i.ties, ' a n d l  s a  ewg=s.,. . L .  '.T .**.'. 
, , . , ,.. i "  2' ,.:,>'::,;,': ' .',A , ,:; ,;.. :..7,, . 

63 
. , . ,  :. 

' i $7 : *. , :. . , .  . , , . . .  , 
, : , . , .. , .. : . . . , . . - , .  . ~ . -  , . ,.. - .  

, ~ ,  , 

, .  , , . .  ;' . .... ,, Drai 
% .  nage,  a r rows ,  i n d i c a t j n g  t h e 2 6 x i ; t i n g  a&' , .. 

. *  tkrbuiho;t :the plan. 
, ,... .L, ,. . .. .,., , s . . , , , . . , . ,.'l 

. , . :  ,:. .. , . . ,  . ,  ..v .,. 

'sediment. c o n t r o l  'measu re s ' t o  
be implemented d u r i n g  c o n s t r u c t i o n ,  i n c l u d i n g a  
t i m e  sequence schedu le  f o r  t h e  c o n s t r u c t i o n  and 

, . , . .  , . I  , r . . . ,  
e r o s i o n  r o n t r o l . ' p l a n . '  

,, :,/ . ;> . . I 

:7.: :.;Measures t h e - b u i l d e r  or c b n t r a c t o r . ' ~ i l l :  use to"  '' . .  . , : , I .  . .. , , -,, j*,,' , , ' ' ~ 'ke~p" '~ons t~~ct ion  =i;c'f"ai:ng , d.iig; . ' .  ' . ' 

, . , ,  
mud, 

- , , .and deb'2i;' ,,, o f f '  ,kh&,, 'kitreets. , 
,, ..., .",i:, ,. . :  ,,,:~ '%'. . ~ ' <-!%.:<>.!.% . ,. , .; '.. , .. . 

. . , . . .  . . . .:. ..I 
., .. . 

. ,  . : .  , 

10.1.2 BASIC PRINCIPLES 
, . 

, ,,. ,. 
, , , ,  

The d e s i g n  of e r o s i o n  and sediment c o n t r o l :  syst&ns invo lves  

(n L, 
t h e  a p p l i c a t i o n  o f  common.'se'&se fr ianning," s chedu l ing ,  and 



c o n t r o l  a c t i o n s  t h a t  w i l l  minimize t h e  adverse  impacts or 
s o i l  e r o s i o n ,  t r a n s p o r t ,  and d e p o s i t i o n .  F ive  b a s i c  
p r i n c i p l e s  govern t h e  development and implementation of a 
sound e r o s i o n  and sediment c o n t r o l  p l a n :  0 

. . . .  , 
, , 

1. --- P1,anL. t h e  t o  t a k e  :adva.ntage o f  t h e  topo- 
graphy,  s o i l s ,  waterways,. a n d n a t u r a l - ! . , v e g e t a t i o n  

:..: , .. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  a t  t h e  s i t e .  
. . . . . . .  , , . . ,  I .. . . '  . . .  . . ~. . ,.. .:; ;,; *! 

:.;I 

. .  . . . . . .  . . . . . .  . . .  
2. ' : ' ~ x p o s e '  t h e  sma' l ies t  p r a c t i c a l '  a rea .  fo; t h e s h o r t -  

I ,  
, I *  , . j  . , . , I  , . * .  . , e $ t " . p o s ' ~ i ~ l ~ ~ t i m e ~  ........ 

~. ~ . ,  " .  . .  , . , .  . ' 

! t ' . , ,  . .  :.! ... 
; , .  . . ,  .. 3 .  .,. , ' ~ p p l y  onsi te :erosion con t ' r o l .  .... > . . .  measures.' t o  ;educe 

t h e  e r o s i o n .  from t h e ,  s i t e . '  : . '  ': '. . . . . . .  . ,  , i , ' + , ,  . . . ,, . , . . , - . . 
. . . . .  , . . $ .  . , . . .  . . . . , .  . . .% t,,. : " , ' > , . .  

4 .  P l a c e  sediment ' c o n t r o l  measures to. ,  t r a p  eroded 
, . . , ,  . ,.. . . . . . . . .  

m a t e r i a l  and p reven t  o f f s i t e  damage. 
, . . , , :  ., . , 

, . - ,  . d l  .. . . 

, 5 .  , Implement . . ,',. ,a . c o ? t i n u o u s  . , . . maintenance,>and . , . ,  . . >., . .  i n s p e c t i o n  
. . . .  . . . . program. , , , . . ,, . ... , . . . . . . . . .  , . .  , . 

" .  
, , , 

. . . ,  . \\: ', . , , ~ ,  , . . , ,  . . . . . . . . . .  , . . . . . . . .  . .,:I . . .  . . . . . .  
: ~ h &  p ~ % c t i c e s .  . . . . . . . . . . . . . . . . . . . . . . .  cons, idered.  i n  t h i s  c h a @ t e r . a r e  . .  , .  c l a s s i f i e d  . . . . .  a s  

e i t h e r  e r o s i o n  c o n t r o l  o r  sedimen't c o n t r o l .  I n  g e n e r a l ,  
e r o s i o n  c o n t r o l ,  p r a c t i c e s  , a r e  des igned  , t o  , .p revent  s o i l  

, .  , , . , . , , . . , . . . . . . . .  * ? _ /  . . . . . . . . . . . .  ... , .! :, 
a r t i c ' l e s  from 'being de tached ,  . . . . . . . . . . .  ; whereas se:dime,qt,. c o n t r o l  -P. , .::, ,..;. ., .. , ,  , . . , *  ., , ,  : &  . , . 

p i a c t l c e s  prevent.'"tlie detached par t ic1es"frorn l e a v i n g  t h e  
s i t e  ,or f r o m , e n t e r i n g  a  r e c e i v i n g  w a t e r . .  . , S e d i m e n t c o n t r o l  

,. '1 . . . . . . . , . . .  . ,.. ........ ~. k. . ,.,. . 
"mea'=ur&s' a r e ' g e n e r a l l y  s t r u c t u r a l  & .,,.: i n a t u r e -  . .:. . . . .  ..;: : S r o s i o n ' c o n t r o l  ..... 

measures can be e i t h e r  s t ;Gctural  ( such  a s  d i v e r s i o n s )  o r  ;. 
n o n - s t r u c t u r a l  (e.g. ,  mulches) .  . . , . , A d d i t i o n a l  , . 2 , : , , ;  i n fo rma t ion ,  
i n c l u d i h  ' c o n ~ t r ~ c t i o n  . ,  ,,.. , , -  , ,dkt ,ai ls , .  :,can . *  be ,obtained, , . from . ,...< >,_.... .. t h e  

' 'L, ... 
k a n l i a i ' f o r  Eros ion  and""~ediment c o n t r o l i n  Georgia (Geor5ia 
S o i l  . and . , ,  , .  Water . , . Conservation,Committee,  1980),.. 

il, . .  . .  . . . . . . . . . .  ,.., . ,:.. 2 ., . . , , , . 

The e r o s i o n  c o n t r o l  p l a n  s h a l l . e f , f e c t . i v e l y  . .  c o n t r o l  ..... . and 
" .,,i ,. f . .  ,:,., 

r e d u c e .  . , s o , , i l . ~ e r o s i o n  'from d i s t u r b &  , .,.,. ,, . ,. ,. and . , ~ : ,  f i l l e d .  , , ,.. land.  ' The 
. . . . . . . . . . . . . .  
e r o s i o n  c o n t r o l  p l a n  shal i '  . . i n c lude , .  . , .  a p p r o p r i a t e  . . . .  !. ' "keasures ,,,. from 
t h e  fo l lowing  categories: 

. . . , , . '  
? .  . . . , . ,  . . . . . . .  , , " .  

1. ' S u r f a c e  s t a b i l i z a t i o n  
. . . . . . .  . , . .a.. . .  Mulches . . . .  . , . .  , .  . . ,.. , ,  . ~. .%. .',. , . ,, . , 

. . .  . . , . .b. . s e e d i n g  and  "ege t a t i on  . , . . ,. ' , . .  : , T " ,  .,., . . . "  , . , . .  .,, . , , ,  .. 0 



. - c. C k ~ e n i c a l b i n d e r s  and t a c k s '  - , . . . . .  
~ ~ 

: d. S p n t h e t i c  f a b r i c s  a n d  r i p r a p  r . : :  
. ,~ , 

, . ., . . .  . . .  . . .  
. .. . . .  . . ., . . . .  < ..-. ., .. I: . . . . . . . .  . . . . . . . .  

% 

. : 

2. . . Runoff c.ontro.1..  ::. 

. . . .  . . . . .  a. . . .  D i v e r s i o n s  ~ . . . . .  : : . . .  
. . .  . b .  Slope .:and :doun..drains: . : L-..~.! 

c.  L e v e l  sp reade r s  . . .  ,. . .  . . . .  .... .. 
d. Check dams 
e ,  : .Out . l e t  , p r o t e c t i o n .  . :,. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  3 .  ,E,xposure,..s.cheduling.~,., . . : : . . . . . . . . . .  , ,. , ? i - : . :  . .(, 
. . . . . . . . .  . , 

..T. , . . . .  : . . . . . . .  . .  . ; .  ,. - . . ,  . ' .  ,,., :,,;?.''.' :, 

, , ~ ~ ~ r o ~ r i a t e .  c o n t r o l !  measures fo r : - each ,  c1as s i f i ca t ion ; : : a r  
. ' , . :def ined ,. , . , . . in.enough , ,  , d e t a i l  t o  i d e n t i f y ,  applicab1e:;condition.s 

. .for~,,emplo.y.ing each measure..  . ~uantitative,..performance:,.data . . . . . . . . . : .  . * , ,  
a n d ,  a d d i t i o n a l  informat ion:  r e l a t e d ; .  t o  des ign  : . cons idera t ions  ,i.. , , , . -  . 
a r e  - a y a i l a b l e  . . . .  .in o t h e r .  re . ferences , , , such ~s..,USDA-~ SCS r.1197~5) , 
t t ischmeicr . and' . ., . smith .  ,, '(1978) , Goldmanet  d l . ,  J 1986) ,.: o r , . t h e  

.. > ~ & o r ~ i a  .,, , . .  , . .  Soi l . .  _ ~ and , , h a t e r . : ~ o n ~ e r v a t i o n  .. :. . ,  c o y n i t t e e !  . . ,  ..:, (1980) . ::.:, ; ,, ,; 
, (P 

., , , , .  
. . . . . .  : , . ,' : ....... . . . .  . . . . . .  , . , a  . ! ' ~  ,: ' : , ,  . , : ! , , t ,  

. .,. fi !c,, l o .  . . 2.1.  , , , .: '.'''TEM'POR.~RY .. A N D  PERMANENT CONSIDERATIONS ,.; ..<.: ;: 
8, . . . . . . . . . .  , .  . a  ,, , : , ,  ; . . . . ' . . .  ...... i" .- .... .. ~, . .  . ,<, ,,,,, ., !;:,, .;,,; .+:,' 

.. ~ o n i t r i c t i o n  e r o s i o n ,  c o n t r o l  measures.. .are u s u a l l y  ,,tempoqa,ry, -. ,:.::. . . . . . . . . . . .  
. in tended  t o  , . func t ion  .,. .,for, - . . . . . . . . . . . . . .  only.:,'the d u r a t i o n  :.,qf ~ o & . t r ~ c t . i o n , .  . . . .  
To t h e  maximum e x t e n t  p o s s i b l e ,  s u r f a c e  s t a b i l i z a t i o n  mea- 
s u r e s  s h a l l  p rov ide ,  p e r m a r ~ e n t , ~ p r o t e c t i o ~ l  . .", , .. . . @rice . . . . . . .  : constr.uc,tion, is complete. In additio.n;;,.the ,..i= .foi:.-te&p6rff'r.y-.i;uiioff. 

.... . ,  c o n t r o l .  measures s h a l l  be. c o n s i s t e n t  :wi.th t h e  l axod t  o f ,  ;, 
, , .~ . . . . .  . , , .  , . ,' 

permanent d ra inage  ' f a k l i t i e s  . . . . . . . . .  .. . . .  ....... 
,, .. ". , - ., , . 8. '' I '  ' ' ;  . . . ,. ' 2. ..:, :,. 

,,,,' , . . ..... .... , ;$>*: . , . .  . . .  . . ,  .>.: , .~ . . . , ,  : ; . . -  I:::'? - :-..: .,: . . 
Sur face  . stal ; ' i l izat io?, .  k a , s u I e s  , : w i l l  ::be required.,:when .., . , l ,andZ:is , 

. . . . . . . .  cleared, . ,  and & i s t i n s , , ~ c 6 ~ d i t i , o n s  of  . the  s o i l  : . su r face , : ,=y  !,,:,: '.. ,, . , ,. ., . ,, . ............ . ~, 
a l t e r e d .  S u i f a c e  s t a b i l ~ ~ a t i & ~ c o n t r o l  measures i nc lude  . ' 

mulches, seed ing  and v e g e t a t i o n ,  c h e m i c a l  . . .  b i n d e r s  .... or. + : ':, t a cks ,  . . 
. . . . . .  ..,., . .  ~:,,, - ... <.,.. ...".. .,,:,,, and s y n t h e t i c  f a b r i c s  and .' ' - .  

. .  . . .  . . . .  
,' .,'.,,, ', # ..:'<!.::, a >,, i". . < , .  , ,: , . .  , .... ,:., ,, ...<..: ,, . , ,- >>.:'.I:,..'.: ', 

A mulch, i s  *a l a y e r  ~ t ' m a t e r ~ i d l  . app l i ed  t o  t h e  s o i l  , su r face ;  
., , , X.: ..:....... *,...; ......... I , . j.,. ,.: ,, , . .  .I ..... 
" for  : .  . .: :., temporary ::; , s t d b i l i d t i o n ' , a n d  .. , , , , . .,, : ;. .. , : to , 6  ,.. 'help,,establi,sh'~l.a~t, , a ;  .. , ,', ; '  

cover  by~~~ho i .d ing : : i n  mo i s tu re  and preventinq"s&& l o s s .  The 
, . .<'. , . .  , >:., .. & . . .  ...'.." .. ,.., 

m=-j&i".types . . . . .  o t  . , "luldhing ' ;n '&ter i i l  ~ n c l u d e ' s t r a ~  o r  hay and , . . . . . . . . . . . . . . .  . -, , ,  8..  1 :  % .  ""i' . . ,,, ~. , .  , , 



wood chips. Mulches are practical for 6 months or less on 
grac?el or cleared areas when the growing-season is not 
suitable to produce an erosion-resistant cover from 8 
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 vegetati.on.'includes temporary 
seeding, permanent seeding, sod, vines, shrubs, and trees. 
Sod is .preferred ..in situations where immediate. .protect.idn is 

. . 
required, .such. as.: in swales ,or ditches..' The types.of seed- 
ing - and vegetation,. appl.ication. rates ;' site preparation, "and 
;:fertilizer and water requirements should be c6nsis~erit"wi.th 
;the -growing--season ancl..duration.'of: protection-required.":'! 
~ulching.should.be employed'~'along with .ai'i s&ding.opera-, 
tions. '~uidelines 'for selecting knd 'pla'cing vegitati'ori";ire 

I presented in ~abie 10-1. To establish permanent vegetation, 
soil testing':.resiiits should be' eva'luated by::ak agronbmis,t: to 
determine soil treatment requirements for parameters such as 

. ,. , 

.pH,'nitrogen, 'phosphotbs ,'potassium, or other factors .,"kege- . . , . >  .tative':covet must..b@s'i'rigated during dry .):-' , '.- 
I .  , , 

. . 
, . ,  , . , , , '  . , ,,,,,: ,> , ,'. 3 .  : . '  .', , ' .>  . ,. . , ... , , .. , , ,  , , . ,, r , .  

0 

~hemical',bind&rs and"tackApare sprayed"bh b&e sd.ils or . . ' 
,' 

mulches to bind soil particles~ormulch material; reduce' . 

moisture loss, and enhance plant growth. A chemical binder 
or tack is a temporary erosion,! contrdl: measure..and may b e  
applied with seed, .line, :and fertilizers. Chemical binders 

. " ,  
........ a n d  tack=. provide -a viable .alternative' to seeding. if ": 

constructi& . , occurs at - a  time "when. seeding 3s"not 'feasible. 
. . . . . . .  . ,  . . '  . . . . . . .  , ,  . ; , . .  .: ' . ..:.. . , . . . . . . . . . .  , ' . " . . ?  , 

, . . i  
, . 

Siritheti; ~ i t r i c s  and ' ~ i p r a ~  .' . . .  , I ; ,  i r  
. , . . , < I  ' ..,; , ,.. . . . .  . ' /  

Other stabilization materials include nettings and plastic 
filter sheets for temporary control and dumpe)d'''=iprap"f&=' 
permanent control. Nettings.of fiberglass, plas,tic, and p,a'per y:arn:.ca;.,:be ',used, .to.~anchor~,:sc~aw; , h=y.;. .w,~o;i,:c!&;,, or 

I ,.' . . ' ' 
grask dnd 'sod in drainageways and ii otheriar6as sub jkct ':to 

..... ;. < c.,:, .: 
k'oncerieratedF.runofi. . . . .  ,.':~~astifd. f ilt&r"~h=etJ . ; 'wk~ch . '=ons~s . . . .  _,  t 
of'poro'us .'fabric 'woven from 'polypropylerre 'monafilament 0 



... y a r n s ,  a r e  l i g h t w e i g h t ,  porous,  s t r o n g .  ,and ab ra s i cn ,  ~. . , .. , 

r e s i s t a n t .  ~umped  .kiprap ' :  ~ . d n s i ' s t s ,  o f ' s t o n e  or . .  broken . . . . . .  con- a c r e t e  dumped i n  ' p l a c e '  on ci f i l t e r  b l a n k e t :  or"$repared:  . . . . . . . . . . .  s l o p e  ,., 

t o  f o r m  = w e l l - g r a d e d  :;ass with"a minimum' o f  vo ids .  

" ' , ..' t , "  : . '> .. 
;:2..:3 . .'RUN'OFF ;,&6EjTRdL'. . ' . ' 

. .  , . .,., , . . . . . . .  , ~ . . . . . .  ,.. ,.-.,..., - . . . . . . . . . . . . . . . . . . . . . .  . .  , 
. .  ~ . .  , , . .  , ,  - <  I - . "  . . . . . . .  .,. C 

~ u n o f f ~  ' c o n t r o l ~ m e a s u r e s  w i i ' l  be" ' r equ i r e  
an'd/.or. &isting:"larib . . . . .  cbnditio'h'k , , . .  , , r e s i l t A ' i n  ...... p n ,  .", i nc rease . - and /o r  ... ,- . . . . . . . . . . . . .  

.., 

change in.' rcnbf  f. . . . . . . .  "This' .*. w i l l ,  .. ii~cl"&, when", ..... % . _ .  land i s  _ ,  . c lea red .  . . . . . .  -..,"". 

and/& vk$'etA'tioh remov'ed to~ 'an ' s ta11 :  . . . . . . . . .  ut i , l i ty , ; . sys tems . .  such.. . . . . . . . .  . .  ' , ,  , . , , , , , . ?,, ", ' . :," > ,,. ...,. ..., '., !.c: 
a s  =term. and. ,sani ta : ry" ' sewers ,  . . . . .  . . .  ga's-,, wa te r , ,  e l e c t r i c , .  and, , .  , . 

( ..I, , . , .~. !  ,. ~, , . . , ".. 
- telephone: . '  . ' ~ u n o f  f ,  c d n t r o l  'measures. , . . ,  lnclu&" diversions. , .  . j . .  a . '  
sl&pe'.&nd a'bin":drains, l e v e l '  kpr&ad,er=',,,c6&:=k, d'ams ,!, and , . :' . . . . .  

, , ' . ; .  : . ',, , : . . - . > ,  . :., . ,>i. . ' .  ' .  . > . , i  .. 
o u t l e t  p r o t e c t i o n .  . , . . . . . . .  . . . . . . . . . . .  . . * 

. . . . . . . . . .  
. . . . 

. . , , -  . L , . ~  
3 ,  

\ . ., , ' .  
, , . , 

., . ,. , , .  
,, ,. ~ . . . . . .  ,,. 

Dive r s ions  (Temporary o r  'permanent)  
. , 

. ,  , . . , .  , . . 
Any s t r u c t u r e  t h a t  ,-slows, o r .  d i ' v ~ ~ t ~ ~ - ~ u n ~ f f ~ a ~ a y ' ~ ~ r ~ k ~ e x p o ~ e b  

. . 
,- a r e a s  can reduce  e r o s i o n .  Types o f  d i v e r s i o n  . . s t r u c t u r e s  . , 

i n c l ~ d e . .  d ikes ,  ,.&wa.i&s‘;>:and cfiann&ks., an$"'kf which can 'fun=-' ... .' 
. . . . . . . . .  ; . . . . . . I  t,' / . ,  \ . ..................... i .... . L  , . ' t i o n  as:.tehpo'i!~ry.~'or permanent' f & i l i t i e s .  . . . . .  , ,,, , . . .  ( . . . .  ................ . . . . . .  . . . . . . . . . . . .  : ': , . i . ' , !  :.~, , ,,<.: i : - : . . . .  

. . . . ,  1: ,. " ' 2  

Q A dive=sioi,  aik&:.4:is a of compac$ed. i$il: placdd,,abb+' 
~ , , ,  ".. ........... ' : , .  . .  :....: 

b e l o w ,  o r  around a d i s t u r b e d  a = e p t o  i n t e r & & p t ' r u n & f f ' a n d  
d i v e r t  i t  t o  a s t a b l e ,  a r e a .  Gene ra l ly ,  . . . . . . . . j .  . .  a d i v e r s i o n  d i k e  i s  

.. < :'.: . .  ,>.-,:...a . ..f . b'.. .. 
t h e i ' i e a i t  d u r a b l e  d i v e r s i o n  , . .' -. s t r u c t u r e  . . . . . . .  :, 'and' 1s , b e s t  used, , tot :  . . .  . . . . . .  ' 8 . "  . _. . 
prbvide~~'p~~tectio~'~for , , ,  . . . .  . s h o r t . ' p e r i c d s  ;. and , , r , e l a t i v e l y  , , _ _ ,;..,: smal l ,  .., . . ,.. 

amoun tk 'o f ' r uno f  f. ' A'.'dike i s  ' o f t e ' ~ " a p @ r o p , r i a t e  a b o v e  a ., , . 

newly c 6 n s t l u c t 6 d " c u t  ' i n d  f i i l  s l o p e  t o  p ~ e + i n t . : ~ x c e s s i v e ,  
erosidn‘"ur i t i1  -bore per&anent""control  ., , f e a t u r e ' s ,  . d& e s t a b l i s h -  , . .  

ed I where '  t h e  g r ~ i i d : ' s i o p e " i s  . . . .  ., n o t  ' s t e e p ,  '%'''dike i s :  a l s o  , , , 

approgir ia tb  above g ~ a d e d ' s l o p & ~  t o  : :d iyer t  : sediment-laden. , ., , , ,: 

runof f  i n t o  sediment t r a p s  o r  bkis'in's.' C ) n c e . t f i e ' " ~ l o ~ e '  i s  
' '  

s t a b i l i z e d ,  t h e  d i v e r s i o n  d i k e  should  ' b e .  removed. , , 
:. , . , . ' L  . . . . . . . .  .. 1 , :. , / i  , , I .  ' ,  , G . ,  ~ :: ,..,, ,?". . , . . ." , 

. . . . . . .  ~. " . . 
A divers. ion" ska1e ' i s "an  eicairated.;  teripdrary ':drainageway , . . .  - r ,.. : 
used -above and belbw *d"diturbed ' a r e a s  ~ ~ o ' : ~ n , t e r c e p t .  ........... , i . . . .  r.un0.f 5 'an2 
d i v e r t  it t o  a s a f e  d i s p o s a 1 " ' ~ r e d .  " Aed.diversion 'w=Ye. '=&"b& 
c o n s t r u c t e d  a t  t h e  p e r i m e t e r  o f  a d i s t u r b e d  . ., , . .,,$:, ~ $ ,,, a r e a  ..* t o? . t r ans -  . ~ ,  .,. 

p o r t  sediment- laden wate r  t o  a sed iment .  t r a p  o ~ ~ : s e d i m e n t  , . ' , .  

bas in .  T h e s w a l e  should be  l e f t  i n  . .  p l a c e  * , . , " . .  u n t i l  t h e  d i s -  
tiifbed ar.ea ig>.ipeijna~ently.stabilize.d.' , A.,diver&ibn',siaie . . 

. . ,  >.;,: . ,  < ' ~ ,  . , , .  . . . 
can be c o r i s ~ r c c t & ' i n  con junc t ion  . . _ . . . . . . . . . . . . .  w i t h  .- a:'d'ike t o ' p r e v e n t '  

,. , . .  , , .  ,., ~. 
) : I , ' ,  , - . . , ,, '..':. , ' '; ,. , 

P* 



. .  . ,.. .. . . ,  , . ,. . , . ,  

s tormwater  from e n t e r i n g  a  d i s t u r b e d  area., ~ l t h o u ~ h  
, ' , .  . , .  . .  . ,, , 

g e n e r a l l y  . a  temporary f e a t u r e ,  a ' c a r e f u l l y .  planned swi le  ,. 
, , , .,.,, . ,  . . 

cou ld  a l s o  become p a r t  o f  t h e  permane,n<diainage. ,  s~,stem.;  . .  ., 
. , 1 . .  . , ( , . : . .  . .~ . . ' .  . ., ..%. "* _ , . ,  ,.. 

0 
A d i v e r s i o n  channe l  i s  a  permanent o r  temporarF:d?alnageway 

. . 
c o n s t r u c t e d  by excava t ing  a  d i t c h  a long  a.'hi.2l.~ir?e-and - 

b u i l d i n g  a  d i k e  , w i t h . t h e  . . . , .  excava ted  s o i l  a long  the .downh i l1  
+ . .  , . . 2 . ., , . , I , . / / :  

edge o f . t h e d 1 t c h . '  '1n .other  words,. ,it can b e  a  combina,tion,, 
. , ! % ,  . ! .  .,., , / . . /  

df  a d i t c h  a n d '  a  d t k e :  'XlthdG'ih 'd i ' i rekion channels,  can,.be,. 
I .- . i l .. * ii. ., , 

u s e d  in '  p l a c e  . , .  ,Gf , , t empdrar i  . , , ,  , s t r u c t u r e s ' " d i k e  .dikes. , . ,an& swales,,  
;*,\'< . 9:;; ,, , ,.?,.> >. .. : A > > . . .  -, ,, L / _  _,.. . 

t h e i r '  primary: h p p l i c a t i o n  -is" t b  i j rovide . , , . , .. permanent jrunoff., 
. .  .<,I,.. ..~ii. ........,. e I: ' 

c o n t r b l  on', long s l o p e ' s  . s u b j e c t  ' t o  heavy,,.f low. . c o ~ c e n , t r . a t i o n s .  
s .  . .:  :. , ?  ,. . . . ,  . 

I n  a d d i t i o n  t o  usage on'  o r  above'  long  s p o i l . ' ~ l c i p e s , , d ~ ~ v ~ ~ -  ,.. ,. , .. , , $ 

s i o n  c h a n n e l s ' a r e ' p r a ' c t i & l  f &  i n t e r c e p t i n g  r u n o f f ,  . , ,, , , 
. . .. . .i. . , 

upgrad ien t  o f  a  roadway t o  p reven t  o f f s i t e . ' f l o w  f rom'  
e n t e r i n g  g u t t e r  and i n l e t  f a c i l i t i e s .  ., 

.., ,, 
, .,..: , 

, , , .. 
. , ,  .. . , . *. .,...,.....,. 

Slope  and Down Dra ins  (Temporary o r  Permanent) 
, .' . , .. ' # . .  , . , 

. ,  . . . . .. , . . . 
, . ; . :. ~, . L:"i . . .  z .  5. , . 

.?ownn' d r a i n  s t ru ' c tu res  . ( P i p e s )  and , ,  slope..  , d r a i n s  , , , ,  . (paved, , , , . ,... or- , . ~ ~, (.. 

. .. sodded channe l s )  can. 6e 'used a s ' t e m p o r a r y  or .  permanent, , . , . +  , , , , ,  
* , .  , , ,.,. . 

s t r u c t u r e s  t o  conduct  d b n ~ & r i t r a t e d ' " r u < ~ f f '  s a f e l y  down a  
s l o p e . ,  such ~ s t r u c t u r e s  a r e  o f  t e n  used t o  , . h e l p  , ..*, ~dispose , , ,o f i ,  : ,  . .  . ,. 

wate r  c o l l e $ t e d * b i ,  d i v e r s i o n  .&ructur6s; . . , ,  . .: ,,., ..~ -.:,,., 
, ' , , , .: ..' 

. ,.!,:,,..-, > ':,, ,,. " 4 , ; - ' : , *  > a : .:. .. . . , , , . 
0 

- 
, ' ,  . . . , ~ ,  . , , . , . ,  . . " .  :, !. . ,. 

A paved' s l ope '  d r a i n  is ' . i '  channe l  p l a c = d ' . t o  . , .. ., . ,. -? extend  . % h . , . . . ,  f r & , , t h e :  . . . , . ,  : 

t o p  t o  t h e  bbttbm o f  a, sldp&.':,and. l i n e d ,  , 
I . ,  wi th .  . .. 

bi tuminous.  , ,. , " con- 
c r e t e  , p o r t l a n d  ' c~men t . , ,  condre t e ,  o r , .  , I  comparable , nonerodi 'ble , '  

, , . . .  , ." , . -  , 

m a t e r i a l  ( s u c h ' a s :  g rou ted  r i p r a p )  -.  his s t r u c t u r e  is.. . . , 

g e n e r a l l )  used . t o c o n v e y  a c o n c e n t  
runof f  down a_sibpe'' i.dth6iit.. c h u s i n  
s u p e r c r i t i ' c a l , . . a ,  pipe" down d I a i n .  shou ld  . , , I  , ,, 

flow from l e a v i n g  t h e  ' channel .  ' ,  
', ' . . , 

~ , '  . . , ,  . '.i , . ., i i 

. . j.: , . . . . .  r , 

A down d r a i n  g e i e r a l l i  c o n s i ~ t s  o f  
p i p e  o r  f l e x i b l e  t u b i n g ,  : t o g e t h e r  w i t h  a p r e f a b r i c ~ a t e d  .,? .,, .: .. ,,. > ....,, . 

e n t r a n c e  .sci t i t idn, ,  and:: i s , ,  t e m p o r a r i l y  p laced"~to . ; . ex tend ,~f  ) I  .. I ., . .. , . .~  ., rom. , . . , . . . . I 

' t h e .  t o p ' t o  , , ,  . thbe'bottom;.of . , .  , . a  slope'.  , , ' ., , , . ,, .. , 
. ' ., " . . , .. ,  , .. ,, , . ~ , .  , . 

- ,  ... . , 
" . .  ' j  , . \ ,  

, , , .  , . ' ..I 

L eve l  ' s p r e a d e r s  ' (permanent)  , . ' . . .  . . . ,,.., s ...., . . .  , . , l .  

., 
~ . >  . .;. ,,. .>:,., * ., .,: I (  .. . - 

A level . 'sp&ad&i , . . . ,  is c jkner i l ly  . . , . . , I  . I . a .  ..., . .,. ; , o u t l e t  . . . . . , .  . ,_-  ,., I ,  ,. c o n s t r y c t e d  . , _ ,.., 

a t  ze<o ' 'percent  g r a d e  a c r o s s  , the  .,, s l o p e  , .,... t o  c o n v e r t  , .  . . .  . ... a .  . .  . , , :  , . . 
conc.eritrat&d ' f  10" of  sed iment - f ree  runof f  (e .g . ,  from 

(3 



d i v e r s i o n  o u t l e t s )  i n t o  s h e e t  flow and t o  d i scha rge  i t  a t  
n o n e r o s i v e ~  v e l o c i t i e s  . ,. o n t o  "nd is tu rbgd .  a r e a &  i t a b i l i t , e d . b y  

C' 
- ,. , 

: e x i s t i n g . . v e g e t a t i o n .  ' ~ h &  i e v e l  . s p r e a d e r  . . .  .- . .  shou ld , , ' be ' "~sed ,  . .,. . _ . I ) , $  only 
where: t h e  fo ' l lowing ' c o n d i t i o n s  a r e '  . . , . ,  . . . . , ^ ,  I . ... ,.., . . . . . . .  * I . . . . . . . .  . / ,  . , : ,  . 

_" .: . .,, , . i,.,.; .i 

. . . . . . . . . . .  . . .  . .  : ........ ,. . . . . . . . . .  ..... .... . : . ., _ < .  ...,,. : '  ., .. & , . ~  
, - . .I,. . 

. . . . . . . . .  . , The' sp re=de r .  . . .  c a n  b e ~ c o n s ' t r u c ' t e d  . on undisturbed,.  ,, : . . . . . . . . . . . . . . .  :. * ,...> z , , , , .  ,.,; ..%,$, ; , , , . .  , *. , . . " . ,.I . .  . . . ' d 
. . . .  ~ . . . . . . .  ,, ., , ' . . . . . . . . .  . . . . . . . . . . . ' . .  . . 7 , '  

2 .  The a r e a  d i r e c t l y  below- t h e  l e v e l  l i p  ' , . . , .. , . , ,-, . .,. , . ' 
. . ., . :~. . . . .  s.iabilii'e& b':y'.exi$ting ..:jege<Ltion. . . . .  

I " .  . ~ , ,. . . , . , . . : . , .  " : ,.,r '9,. # . , : . .  , .,,.:. . , 

. . . . . .  .:. ~- . . . . . . . . . .  ,. ,, ,. . , 
...... . , , " .  , , ' , ,. ., . . .  ... :,,,i: :' , , , , :'. 

3 . i -  . . . . . . . . . .   he d r a i n a g e ' i i r e a  above t& sp reade r  i s .  s t a b i l i z e d  
, . i.i .:: ..: ,,:, , ,',.: ', ,.,, . . ~ , '  : L b y  existing,,,"ege&ti&; . , . 

. . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . , , ; ."'..%. :. ,.,.<'? 

, . . . . . . . .  . . .  
4.  : T ~ B . .  x&te=ials' & & d  a r e  r i g i d  a i d  

. ., . , , l :  * .  , ,  !, as c o n c r e t ~ ~ ~ ' o ' ~ ' ~ a s p ~ a l t ; : . ~ n ~  a '  ii 
. . .  . . . . . . . . .  , ( ' ,  ,.., .,, , , ,  ....... . . . .  

, maintained.  ,,. . ' . . . , .  . , . . . .  . .  . . !. . , :  .,.. ' 
. . 

, . ' .  , .,' . . 

5.  The wate r  w i l l  n o t  be  r e c o n c e n t r a t e d  . , , . . , , immediately, 
. . . . . . . . . . . . .  . . . . . . I  

below t h e  p o i n t  o f  dis=harge.:  . . . . . . . . .  

. , , ,  . 

ac', A check dam ' is g e n e r a l l y  3 . . ,, ~ e r m a n ' ~ i t " " s t ~ u c t u i : &  , . . us& ,.ti .. t b  .,.L., mgin- .<l,,v.~, 

"tab' s l i b c r i t i c a l  f lbw and'- . t h u i . " ' s ; t i b i i i z e ' t h e  , . . .  g r a d e .  , . .  ...+ o r ,  
:a:_., . . .  ' co~&&r :  heah c u t f i n s  .in:; n a t u r a l  or a r ~ i f i c ~ a l - c h ~ ~ e i s  .. , 

. : :  . .  : . . . . . .< . . . .  .'.<.. (. 1 ,  . . . .  :: , c , , ,  ...... 
Check 'ddk;, h i n i h i z e  , . , o r '  , ,. p r ~ v e , n t ' : k x c e s s i v e ,  -. . , E r o s i ~ n  , . . . , . . . I , . , by ' =educing 
v&lo.citi&s in.:  wat&rcourses .or b;y pro;iding paiti=li;': ri;& 

ha,A nei ';ctions. o;. strucgiir=s ihat"'~'.n'. ijiu6hs,ir=ih'' hi,ghs,:Eio'w 
. . . . . . . . . .  .. .:&l;jcigies. Check dhms kherew,th~&,...&l;wiiig-. 

. . . . . . . .  , . 
3 , :  ,;:, ,, 

. . . . ~. , ,, , . ,, ,~ .,. c o n d i t i o n s  occur :  . ' ,  , 
. , ' , ,. .... . . . . .  " ; ,,  ., . ,  

. . .  
. .  ~ 

, . .  , .. : . , .,' .* 
. ~ . ,  . I. "  he c a b a c i t y  -6f ' e a r t h  ' o r  v e g e t a t f v i m e a ' s 6 r e s  ' t o '  '. 

, . . . ......... , h a n d l e  w a t = r , s a f e ' l y  a t  ' pe rmis s ib l e '  v e l o c i t i e s ' : ~ ~ '  
exceeded. 

2 .  The g rade  o; o v e r a l l  c o n d i t i o n s  a r e  excess ive :  

. - . .  ' . . .  . - .  
I. . .  . . . . . .  , , .  . , . ,  - ,  . ,  . ,: . , 

I 

, , -, , 

. . 
, . ,  , . ; .  . ,  . .  ,. , . . . , 

, . . . , .  . . .  _,., . .... . . .  O u t l e t  P r o t e c t i o n  (Permanent) . . , .. 
. . . . . . . . . . . .  

O u t l e t  p r o t e c t i o n  e n t a i l s  p r o v i d i n g  de-energ iz ing  d e v ~ c e s  

c' and e r o s i o n - r e s i s t a n t  channe l  s e c t i o n s  between d ra inage  



. . .  . . , ,  . , . . . . . . . .  , .  . 
outlets and stable: dbwnstreai chahdi. ' The channel. S ~ C -  
tionk .maybe. rock-lined,' vegetated, , pavedwith- concrete,, -.or 

. , ,,.. . 
otherwise erosion-resistant: The,purpose of oi-tlet protec- 
tion is to convert flbw to' chinkel -flow and reduce the 

0 
velocity of the, water consistent, with.,.the channellining. 
~ h e f r o w  'ok'water. can then be' coiiireyedts' '8: stable existing 

. . .  
downstream channel without causing erosion. 

, , , , ,. , . , > . . . . . . . . .  . . 
This practiee'is applicable ::to storm,. sewer outlets, . . . . .  road 
culverts, and paved channel. ~utlets"~di.s~h~rgiig into natural 
or.constructed channels:that, in turn, discharge.into exist- 

., . -. - ing strea'ms o r  drai'nage sj;stems':  he appropriate treatment 
should be provided along tlie..enti=L length' of the flow path 
from the end,.of the conduit, channel, or structure to the 

' ~goint 'of entry 'into, anIexisting: st.ream~o~~:publicly , , . , .  . ,, . .hain- 
tained drainaie 'system; ~ e t a i h d  information '6" energy 
dissipation is presented in HEC-14 (USDOT,' FHWA, 1983) . 

. . .  . . . . . . . . . . .  . . . . . . . . .  . ,  . . . . 
l o .  2 .'4 "EXPOSUR'E SCHEDULING; ., . .  , ,. . . 

, ,! . . 

The season and length of time cleared,,. land. is. exposed. 'to. the 
.. , 

erosive forces of rainfall can have a.signifi~aht.'&ffet:on 
gross ,soil, loss, In. general, ..the goal, is.. to.. select..the 

! ,  , ~ c . ,  . . . . . . . . . .  _ _ . . . . . . . . . . .  r 2 * .  . , ,., . . 
season and duration . ,  . ..of ,, expbsure ;, . , ,  so .ve~~tat~on'. can:. be..estab- ......... 

lished bLefore ;heavy raifia'll. , ,  . . historic all^, . ,  .- ,'..th'ez ,>, ,:. -, highest . 
' 

0 
. . ,  . ,  , ,  

. . . . . . . .  . . . . . . . . . .  ... mon,thli,,';airifilis in ~untsville' , ~ ~ ~ ~ r . . , d ; I i n ~ .  . , March,,:~:~~ril,. 
. :  ~ a i ,  and ~ecember .(see ~ a b i e '  . . . . . .  4 - 2 ) .  A quiititative; , , . , . .  eviiua- . . 

tion of "expbs"re scheduling on. the..gross soil . , .  lois from-a., 
site can be performed' usiig . , , :  the' . mdnthly distribution ,of . . . . .  the 

. . . . . .  , , ,  . 
rainfall factor, R, which can be obtained'"fr0m data;pre-,,_ , ,, . .  
sented in Wischmeier and Smi.th . (1978). ~his'evaluation 
involves determining .the . ,  , approp,riate surface stabilization 

. . . . .  f adtors foi: the sequence of land covers ,being: considered. 
. . ,  . ,  . . . . . . . .  .~ : 

10.3 SEDIMENT CONTROL . . .  . . . . . . .  . . . . . . .  . . . . . .  . 

Sediment,control,measures . . . . . .  will bereguired to . . . . . .  trap eroded 
material from exposed areas and" to pre;int . , .of ..... fsite :: damage. 
The sediment control plan shall include appropriate measures 
from the following categories: . . . .  . . . . . .  .. ~ . , .. . . 

. . . . . . . . . .  I . .  . . . . . . . . . . . . . . . . . . . . . .  . . .  

. . . .  . . .  1 Straw, bale barriers .and silt . . . . .  fences . . . .  . . . : . . . .  . , . , .  

. . . . .  2 .  . . . . .   raps,. . ' , . , . . . . .  . . .  . , .  . , , , ,  , . . 0 



HUNTSVILLE-SMM ,E&l 

. . ., . ,  . , , , 
, . . . . .  , , ,. . . . . . . . . .  . . . . . . . . . .  3. Basins 

. c' 4 .  . Construction .,., . .., . L ! , . % , ,  entrance .,,j. s t a b i l i z a t i o n . .  ..:,, ........... ::-.:.. .i . . 
. . . . . . . . . . .  ., . . ,  . . 

~ 
, , . , . : . t j  ,:. , A , .  .; - .:.: ,,!$',i, 

1 ' i . n o t  ( _ . . ,  . . L ,  . .  be""c~nst~u~ted~,,under. .. .,*. . s + ~ , 4  . , ............ t h e  . , . p .  f olldwing ..... 5 ..... *. . ...; :: ,, . . . . . .  
. . . . . .  .. ... ". ... , ,, , ::,:,:-? s,;)$t>,.; .2:;<g.,;:;,?'::;-, .,r,,- 3 .;,vy ,:.,, -.;,, . .: " .  
. , . .  * (  I ) , .  . .  , > ,  . >.(. ;.;. ,$,f,.?:>.;.L s..*.;;> .!&<?:.:::; 

bLld?resul t  i n  ... , , . ' l o s s  , . of "l ife ........ 1 %  damage . , . .  ..to,. fl ..,....... .,: 
bui ld ings , . . 'o r  ' interrupt ion"of s e rv i ce  from publ ic  

. , . .;.. , !*.;:.::,~".:?: *&; 

....... <, , ::. . .., .. ... , 3 ~ ! , . ~ . : ; : ' . r ~ . ' v : ~ , ~ ' : ~ .  
mo,re. than ..I50 .,.. ,,, >,, . . , . , . / 

, *  , ,,,. , 
, , . ,  " ,<:. ) *; c,,;: .. , ! ;<:,.,:!,~' ;*- c : :  ,?' 

.:.: ;;.; *, ;- :.<:;,..: . .  
oblem . . for  .. .... ."> . . . . . . . . .  

. . , .  a 'A',.: . ;, ...'..".-:. ', ' , '  

10.3.1, STRAW BALEBARRIERS -AND SILT FENCES (TEMPORARY).. ,, 
e.. . . . . .  :. ,,.r: .;.?.; , -; . ' .  . . . . .  . . I . . 

. . ,, . 
, , < .  ; ,. .~ .:.~.: , . . ::: :,,$$*L ;: 

st==w -"al&'ba;=i&rs: i n d . s i l t . , ,  fefice2': a r e  , temporary; 'const~uc-  . . . . .  . . . . .  : b ' .  9.. ,, , , .,,' & 3 : .  ;,., .. , . "  

t i o n  measures. w i t h  a  l i f e  expeceancy:'of ,3 "months >or. :less: ,.. , ," ... ., ...,..... b,. . . . . . . . .  ....... 
.. They c ~ n " ~ b ~ ~ ' ~ ~ l ~ c e d " ' ~ c r o s s  o r  a t  t h e  $ toe  of, . ,an ., ..2. . ~. , -,exposed5 . . . . . . . . . . . . . . . .  a rea . . .  

t o  i n t e r c e p t  and d e t a i n  small  amouncs' b f  sediment .from 
unprotected a r ea s  of , l imited,  ,-. . , .., extent , .  ,Straw. > b a l e , b a r r i e r s  ,,.. . *  ;,! ,. 8 >  , ,  : ..................... ,. ,,. *. 

I cc' and silt fences  a r e  s top-gap'  measures that^'should. be appl ied  
~ ~ only  \ ,  - I  when : ;& ,~ , . o the r ,  a l t e r n a t i v e s  . . .  ,,c, +. ....... prove :(. . . . . . . . . . . . . .  i n f e a s i b l e  -.-," .and :$ 

. fo~.low,lng s i t u a t i q n s :  , * "  " 

, . ,  .,, .!.>,, : . : ;  .-. '?. .;:; , . .  L : . ,  . '  3 , . . . . . . . .  Q t:... .,: . . .  ;.:. . .",. ,, d ,  
, , . ' , : 

C.g'" P ,, . . . . . . .  ..*. '... : #...(*. . :.. 8; .... >,:,;i!sL ... ........... " 

1:. #=ti?'- ,. . _ _  . i& ' h&"cincentrated '  .... .....> .. ,b i n  ,,. a , '  ,. channel , .  *,. ,;,. ..* o r -  . "'., o the r  ,. -.'- . ,*, , '' -'' -'drainage\jay abb've t h e  ' ba r r i e r .  
, ,!. ' i . . ;  . :  . ~, . .... , . . " t ,  

, . . ' :, ,:: ,.; : ,., . ' . ,  , , , , . . ....,.. 
. . : 2' ,;: > 2 . .  , L . , .  9. 

' .  . . . ,. Th= tlp;i~:^bP.:.eros'ionroo.expkdte~, is &,get ..and,,ri,lc:. ,' . . . .  . . . . . .  ; .... ... . . : .  , f :  i :  L "  , , , . . .  :,,, . . ,. , .. . ) ,  .(:: L .  ...,.. '1 

I L. , - , . i , ' . . > ,  i , . '  , 
3. Contr ibut ing  drainage area  i s  less. than. one-half .. 

a c r e  and t h e  , l e n  . . ggs *ha;;;:,100 fe lope above the d i  .. , . . . . . .  ., 
, . : .*. ................... 

Straw b a l e s  s h a l l  be p1,aced i n  a  row with , "ends . . ,, ,. ,: . t ight ly. ,  abut- tins : ~ g . j ~ ~ ~ ~ ~ h t ~ ~ b a : l & ~  sssss, E Q ; = ~  :'&le si,all.:.be embedde'd'. a 
. .  .-.,, 

of 4 inches  i n t o  the s o i l  and secure ly  anchored-:'in p lace  by 
s t a k e s  o r  r ebars .  S i l t  fences s h a l l  . . . . . . .  be i n s t a l 1 e d . c o n s i s t e n t  .... .. *,$.. f .;,. .. '..... .~ :.,, 
with  . manuf -,,Lp,,, a ' c t u r e r ~ ~ e c i f  i c a t i o n s  .: Sketches o'f s t raw ba l e  
barriers ana'':silt ,'* ince& . .gre. 'pres&ntr=d.in :.pigur&=' and 
10-2, r e spec t i ve ly .  . . . . . . . .  . 

L,.. ': t i ?  .............. .s.- i . . . , . , ,  .. . , . .  1 . . , ,  . - . . . .  
. , , ,  . : ,  , "  .. ' . , 
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10.3.2 TRAPS (TEMPORARY OR PERMANENTL ~ 
. . ,  . . . . . . .  . . .  

A sediment t r ap '  i s ' : a  temporary' bas in  formed by an exc'avation 
and/or  an embankm6nt t o  , i n t e r cep t  sediment-laden ,runoff and 

0 
. .  ;, . . . . . . .  :\.,. ....... t.> !  .... < ' > #  ... 

i. t r a p  .' and ,  r e t a i n  ' t he  sediment.  1n s o  doing, drainageways, , , ,  
. .* c . i ... r - . # '  p r o p e r t i e s ,  and rights-of-way below t h e  t r a p  a r e  protec ted  

from sedimentation., I f  maintained b ~ p e r i  eaning, 
traps,.3cas:.be used, as p&rmahefit ~ ~ a & l ~ t ~  . .~ 

. . . , .  . , .+. . .~ ,, , . < , , : ..' . 
, - ,  ,. . .  . . . . . . .  . ,>\.,., '* 

An e a r t h  o u t l e t  sediment t r a p  c o i k i s t s  b f ~ d  bas in  formed by 
excavat ion and/or a n  embankment. The.trap..has,a:discharge 

... - f ' -  , . “ .. point dver ,cut. into :natur.=s,'.g=dund. i .v: : -, "" 

A plpe o u t l e t  sedi- 
ment t r a p  c o n s i s t s ' o f  a  basin formed by an em'ban'kment o r  a  
combination of an embankment,and.excavation.~ The o u t l e t  f o r  

. 1 .  . . .  t h e  . t r a p  is thiiough A '  perf  &rated ,riser ' and ::a'?pi& th;6ugh 
. , ,  . . . . . . . . .  t h e  embankment. ' ,  ,. . 

. . .  ., .. . . 
A trap al$o be a t  .stor; :=ewer. i;gt~,~~+:pl;cin~ a 
r a i s e d  b a r r i e r  around t h e  i n l e t , .  I n , a l l  cases,, t h e  t r i b u -  tary. ,  area to: a .$gaiment ,trab s h a l l " ' b e ~ ~ i ~ i $ e d  "$6, $?$&&:' 

, ,  , , :...., . : .. ,.,&,t", 

3 ~ k e i c h e s  of 'temporary traps':ae. '  s t o  ' i n l e t s .  a r e .  
... presen ted '  , . i n tF igu re  . , , id-3 .' , . ' -  " ' 

,, .,. ~,,,.. 
. . 

I . .  ' . " '  , , "  . , - .  _:. , . . , l  : 

... .  . , .~ ........ * ' " .  r'.l';.."' . ; . . .  .,,,, ,,.!?.. ... ..,.., . .  <- ,: V 

A sediment  bas in  is 'u&al lY a "temporary f  ac i l . i ty '  "conk.~kucted 
along a flow path  t o  capture  sediment c ' a r ~ i e ~ ' b y '  ''rGi;3f~ ' d m  
a  c l ea r ed  cons t ruc t ion  site. The bas in  is formed by p'lacing . .,. . . . . . . . . .  b . V i  

an e .ar then dam 'across:  t h e  ' w ~ t e r c ~ u r s ~ , , .  b y  ............ 'exc,avaking a li ' $ 
depress ion,  o r  by a  'combiriation o f - t h e  '.two. Basins a c t  a s  a  
l a s t  l i n e 8 0 f , , d e f e n s e  aga in s t  o f f s i t e  . . . . . . . . I . . . .1. sediment,damage and, i f  :;.,. ,. maintained ' b y  pe r ' i od i c "c l eanhg ,  .can isom&tim&s :be us& a s  
permanent f a c i l i t i e s .  ... , . . .  , 

. . . . . . . .  . . .  ".,. ., . . . . . . . .  . . . , . . , . . . , . , , :  
. . 

. . . , .  , ,, , . :.:;,: , .  , .  

~omp'onehts o f '  h t y p i c a l  'sediment basi,; . a r e " i l l u s&a ted  a , , , .  i n  
~ i g u r e  i0-4, inc luding t h e  following 'of &orag='.";blurne: 
. . .  ,.. , - . ,  ., . . I .  

- .  
. . * , . c.. 

, , . . 1. , 
sediment s to rage  , , ,  volume'.f # .  , .  ., o'r:: ,, ,, r e ' t a h i ' n '  . .,,, .~ :,v, 

Y ' ~  ..... :+ , , 

. . . .  , . . . . . . . .  , sed iment ,  , . . I . , , . .  . , .  . , -  , , - . ,. . 
. .~ ,. , . , . I < :X ,, .. , 

i , .  . , ,  , 2. . ' , ~ e t e n t i o n  s toragk tyol&=,"td h o l d  .'the. des ign  > A  8  ha,,,.^. $te'm':' 
. .  ......... ;I . , .. - , f o r  . , .  a :  dura t ion  ,.,: s u f f i c i e n t  - . +  t o  .<.,, b t 2  &hove.: .,., , ,&.- ! .<. sediment"  . s ,J :a : , t  .* :%,. 

' 
, , . . . .  ' . . ."c,.~,> . ..I..,. .. $,.,., i*- 

3. : Flood s to r age  volume t o  prevent  ~Ver topp lng ' and  '. 
dam f a i l u r e  during r a r e  storm events  



Sediment b a s i n s  r e q u i r e  scheduled i n s p e c t i o n . a n d  rnalntenance 
, . ,  . . , .  

t o  f u n c t i o n  p r o p e r l y  and s h a l l  b e l o c a t e d  f o r  ea sy  acces s .  
I n  . a d d i t i o n  t o  r o u t i n e  m a i n t e n a n c e ,  sediment  . b a s i n s  s h a l l  be 

.' i n s p e t t e d  ' a f t e r  a l l  major storm e v e n t s  :,to.:.ensure, t h a t  s p i l l -  
way s t r u c t u r e s  a r e  n o t  c logged and t h a t  t h e  sediment s t o r a g e  
volume..has.. not ,  . . . . . . . .  been.., exceeded .:.; . . .  .:.: . . . . . .  ....:. .. .:'.... I , , . ,  . , . .  , . .  . . ,, . 
, . . . . . i  . . . . . .  " ,,. ̂  ' .*..'." .. . . , . . , . 

. . . . . . . . .  . . . .  7,. . , . ;:, .,. . .. . .. 
A sediment  .............. , .basin - . , , sha l l . .  b e  c l e a n e d  ,out ,when. . : ; i t  ..has reached . > . . , .,. . 
50 p e r c e n t  of i t s  sediment s t o r a g e  capacity..::.,.A.:.red po le  
s h a l l  b e ' p l a c e d  i n  t h e  sediment s t o r a g e  a r e a  t o  e s t a b l i s h  

, . . . .  t h e  d e p t h  , a t  5 . 0  ,percent. ' .of.. t h e  i , s tozage ~5vo.lume~. :: ,When nthe r e d  
p o l e  d i s a p p e a ~ s  ,, . t h e  ,is,edimen,t ; ' s h a l l  :be.. removed.. ..: The method 
of sediment d i s p o s a l  s h a l l  be  p roduc t ive  a n d ' s h z l l  be 
c l e a r l y  i d e n t i f i e d  on t h e  b a s i n  p l a n s  p r i o r  t o  c o n s t r u c t i o n .  

. . .  . ,  . ,  - , ~  , , , . ; .  : . . . . . . . . . . .  , ,, . . . . . . . .  , , ,  , : , '. / . .  , .  .> ' ., . , .  . . ., ! 

. l0.:3,. 4 : ..APPROXIMATE. GASIN SIZING . , . .. . , . . . . . . . . . .  .... . . . , . , ,. . . . . . .  
. . .  . . . , . . ! i, 

, ,  ., 
. , '. f !  &,  , . .' .- I , 8 , '  . , .. ;, . . , . .- 
An approximate method -.for s i z i n g  a  .sediment . b a s i n  'based.  .on' 

. , ,  

orde,r;of-magnitude,. s e t t l i n g ,  v e l o c i t i e s  f o r  v:arious s i z e s  .:of 
isedihen,t  p a r t i c l e s  u s e s  t h e  ~ fol ' lowing. equa t ions  : , ,, . , ,. 

.I , ,. . 
, . , ;  , . 

where : 

. . . . . .  d = Q/vW . . , : ~  . . . . . . .  *( lo -2 )  . , 
... min 

- .:, / ,  , . .  . .  . . !. . "  

A = Surface :  a r e a  o f  sedimen:t .basin,; ,  in . ,  s q u a r e  f e e t  
. . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . .  ,. ~ . . , , ,  . . ,  . . ,.. 

Q .=. Design ,d i scharge ,  i n  c f s  , . ;  ,~ . .  , . , . ,:. . . , . .  
, , . . . . . . . . . . . . .  . ,, . . . . . .  . : , '  . :  

,", ., . . , . , . , , ' - - , , ,(', . . . . .  , . ,. . . , . . ,  , .  . . 
, .  . . . .  , . S S e t t l i n g  . , .  . ' v e l o c i t y ,  o f  . , sediment, . .  i n ,  m i n u t e s l f o o t  

. . . . . . .  . . . ,  , ,  ( from. : ~ a b l ' e  1.0-2). , . ,~ . . , .  , ..: . ,  ~. , . . .  , . .  , . . . . .  
, . ,,. . , , , .  , 

. . . . . .  ! , , . . . .  . . .  . . .  .... . . . .  . , 
~, 

.;.,,. , .+: ' 

. ,  . . ,  
,:, . , d" = t4in4m+:..depth,,.of , ~ b a s i n , .  i h ,  , f e e t  . , . . . . . . .  . ~ . .  , , ~ > ,  ....,. . , . . 

. : ,  -6.. , .  . . . . . . . .  . . ,  ' . . . . . .  , ' ,  . ( .  , . . L .  . ( . :., , ,  . 
, . , . ,  . . . . 

v = ~ e ' k c i t y  o f  f l o w t h r o u g h  t h e  b a s i n , '  in.:,-:, i..,, ,, 

fee tksecond  
. . . ' , , , .  , . , .,. . , . . . .  ... . , ,  

A - ,  . . .  :?: , . .~ ,~ ~ . , , ,, , ' . , '  . ; , , .,:. . , , ' , .  

........ . . . _ . .  , . . . .  ] ,.'w' =: c i d t h  . . . . .  of  ,.basin,,. i n , ,  f e e . t  . , ." , . . I  ., , , ! , A  r 1 

. .... . .  .; : .. .: ;,. . . .  .: . . . .  . : ' 1  : ... . . . . . . . .  .. ." . :'.' , . " . -. ' .  . ~ . , , ,  , .  . ,, . ,. ." . , .. , .* .. 4 

Sett l , ing~ , .~e loc . i t ies . . ,  fir., , var iou , s  , sediment .  p a r t i c l e .  s i z e s ,  a r e  
,presentedl,j , in, ' ,  , ,, .   able, 1'0.-2. ' :  After t h e :  required- ,  s u r f  ace ,  area:,'. 

has been c a l c u l a t e d  . u s i n g   quat ti on 10-2, the-  fol lowing, ,  . . . .  
g u i d e l i n e s  p rov ide  a  b a s i s  f o r  s i z i n g  t h e  bas in :  



1 .  : Prov ide .  volume f o r  ' s t o r i n g -  s e t t l e d "  sol id; .  ' 
. . 

, , , . .  ,.~. , , . ., 
. . 

. . . ,  . ,  . .  , 

. . : . 2 .  . Keep: f  low-through v e l o c i t i e s '  a t -  o r  be1 
, .d . . 

t 
p e r  second.  . ' ' .. - 

0 
" , .  . , ,  . .  

3 .  Avoid unnecessary b a s i n  w i d t h .  (rule-of-tlh'unib';'-":'.' 
l e n g t h  >3  times w i d t h ) .  I n  w i d e b a s i n s ,  i n s t a l l a -  

, , ,  
- . . t i o n  ,offa '  .ba f f le :  .is '&ugges t ed '  t o  av0i.d ' sh6rt ' ' ' '  " 

. . 
, ',,circuiting .,, , > ,. .. : : ' ., , , ,; . - ,  . . '. . . : , . . . . , i ' ,  

,. . .  , 
, , .  . 

, , . . , .. . . . ,  , .., . . , , .. . .. . . ,,!' -: 

. . . .  4 ..;:',,:-It . is , .generally . i m p r a c t i c a l  t o  , t rap sediment f i " e r  
. . 

, . :. : than. s i l t - s i z e  : , p a r t i c l e s  ( o r  i n  some 'ca  6.':: 
, * , * . . .  . 

. . ,: .. . , 
.). . . . 

. -.sand):. . .., 
.,  .. , ,  , ,  . 

, , . ;. . . . . ,  .,.. . . . , . . . , ,  , .  ,.. , ,, , , , ,,: . ,  . , , .~ 

An example a p p l i c a t i o n  o f  Equat ion 10-1, u s ing  Q = 57 c f s  
, , 

and S  = 33 m i n u t e s / f o o t  ( f o k . s i l t . ) ,  gives:A Id: :11.2,860 .square 
f e e t .  Assuming a  wid th  of  S O f e e t ,  a  minimum dep th  f o  main- 

, .  , 

t a i n , , a  ? v e l o c i t y  .o.f ,'O - 5  foo t / s econd '  i s  c a l c u l a t e d  using-,.,. ;,- 
. , 

Equa t ion  10-2 : a n d g i v e s . a  :d,!. o f  2.3.feet . l ' .  T o  provide .  . ,  
m i n  . , , . ,' sediment  s t o r a g e ,  an a d d i t i o n a l - . 2 . 7  . f e e t  ,of ' dep th '  arc,"add'ed, 

. r e s u l t i n g  i n  t h e  fo l lowing  dimensions:  
. ,. . , 

~ e ~ t h  = 5 f e e t  
; .  . : Width = 50 f e e t  " '  

. ., ,: 
Length = 2,300 f e e t  , 

0 
Area = 2.6  a c r e s  

,. . . 

: . l o .  3 1.,'CONSTRUCTION -ENTRANCES ' (TEMPORARY) ' 

A l l  p o i n t s  o f  a c c e s s  to's:-construction"site s h a i l b e  s t a b i l -  
i z e d  t o  reduce  or e l imina te - the  t r a c k i n g  o r  f lowing o f  

, ,  ., . 
sed iment .  o n t o  p u b l i c  'rights-of-way;; .A'' s t a b i l i z e d  pad o f  
c rushed  s t o n e s  i s  t o  be  p l aced  it ? e n t = a n c e s  o f  c o n s t r u c t i o n  
s i t e s  f o r  t h i s  purpose.  Maintenance a c t i v i t i e s  s h a l l  
i n c l u d e  p e r i o d i e  t o p  dress i :ng wi.th~'add'i.t'ion'a1 stone' '  a s  con- 
d i t i o n s  demand or c l e a n o u t  o f  any used' ' t o  t r a p  

. . .  , . .  . 
,... . , ' . , l . .  . , . . , . '  sediment.  , 

I n  some c a s e s ,  wheels o f  c o n s t r u c t i o n  v e h i c l e s  should  be 
c l e a n e d  p r i o r  t o l e a v i n g  t h e : c o n s t r u c ~ i d n ~ s i t e .  When 
a p p r o p r i a t e ,  a  s t a b i l i z e d  a r e a  (one w i t h  crushed s t o n e )  t h a t  
d r a i n s - .  i n t o .  a ,  sed imentd  t r a p  or" b a s k i  cihall. be''prov,id;d.' A ', 
~etai1s;:f;or. t reatmen, t  'of--$ t y p i c a l  c & n s t r u c t i o n ~ e k t r a ~ c ~  a r e  

, . , .  ,: .. . . : :  1 .  . . , shown,.in :Figure5.,10-5. ' ' , ! .  , - .  - ~ , , ,. ,.. , , 

, . . .. . . , , . 



~. 
~ a b i k  '10-1 

GUIDELINES FOR~SELECTING VEGETATIVE COVER 

.:. , h:,'., ..>,!',<., Application 
:.",*I , . , I *  Rate Per 

....... Acre (lb, a .,, : , ; . , J 7 . :  . . . . . .  .. . Plant or Plant-.Mixture + ,, ;. 
-, ..... .. ........ -,-..,...,. planting.:Da.te.s. .- 

.- 
TEMPORARY PLANT MIXTURES , . . ,  , . : .1  ' . . , , , r  .; .t7 <illi:,'? ..:. : . . .  .,...... . .  .... -. ': ,.- .... : ................. 8 ,  ... ;...... 

2. Kentucky 31 Fescue 
~ete'eding Crimson Clover 
weep~ng"'Lovegrass . . '- 

i . l . 3 ,  ,.,.., ::if~: . , 

3. BrdiJn 'TOP- &lletC 
i: 

wieping' Lovegrass 
Kentucky 31 Fescue 

d 
....................... , 2.; ,, _. . . .  >>.! 

P ~ ~ ~ ~ N ' E ~ T ~ . ~ ~ ~ ~ ~ i M I X T u R E S  .:,. 
? 

, 
, . ................. ...... .. , 

':: :*;.ckjyi;':.t='g"Stee er than : 
/.. . .  - .. . . . . . . . . . . . . . . . . .  - . , 

0 1. Bermudagrass (Hulled) 
Kentuckv 31 or Alfa Fescue 

30 January-April 15 

; ' : "  5 ' .  '8 

30 
.. 02 . 3 ..... 2 . . .  ,?:: 

, , .... 
.............. 

20 April-June 
, ,  :", ,," I!Aorif; J"*e,;:"l""'l" 30 2 ........., &..* ,*, .,, 

u, ~ ~ . ~- ~ ~ - 
Sericea :Lespedeza 

. . . . . . . .  . . 30 April-June 
... r . .  . 5 ;, t:,? J :5 .,?.>!' ,:$ ; ' . . , r : . ,  : , . ' :,.il.: ; , .  

3. Kentucky 31 or Alfa Fescue 35 September- march^ 
Sericea fLespedeta 

, . .  3 5 September-March 
Reseeding Crimson clo&=. . . .  : . . . .  ! :..30. .. t , .  . . .  September-Marck 

Bermudagrass (""l-l=dj"' : : . I .  , . : 20"' , . .,; Aprkl-J"n& ' .' "' 

Kentucky 31 or Alfa Fescue 30 April-June 
,,. .; a,,> L . . . . . . . .  . .... Kobe Lespedeza .kt :30: :: ~~ril-$uf,e, , ,': - 

, . 
.2? . Berm~dagrass:~(~H~rledy~.~: . . .  2 

. , . .. . , 2 ,  . . . . . . . .  , . J ~ ~ ~ - A ~ + ~ ~ ~  %. . 8 ::' 
Pensacola Bahiagrass . 30 ~6l+~'c4=~t . . . 
Reseeding Crimson Clover 35 July-August 

. . . . . . . . . .  ....,. . :I.,:>,,,, ., >,<**:,, $ . '.' 

-3. Kentucky 31 or Alfa Fescue 2 5 September-March. 
Reseeding Crimson Clover 3 o  - ,  

; 'September- arch 
Bermudagrass (Unhulled) 30 September-March 
Annual Ryegrass 2 5 September-March 

P, 



Table 10-1 
(continued) 

Application 
. v  . c,:2 Rate Pera 

P ian t  o r  P l a n t  Mixture *: > , ,  .. .. ~ Acre ( l b )  b 
. -.Planting Dates ,. 

.*. ........... . . . . . . . . . . . . . . . . . . .  -L ,2 .~*"  ., :,.., ... 

Rocky Backslopes Steeper  than 3 : l  , . : ....... . . . , >  .... . ,  , : . , . , . ?  
. . . . .. ... , . , . ~ ,  . . . . .  . , -. 

1. .#.. Weeping Layegrass  
. . _ j_ ~!., ?. , Pensaco'ia, ~ a h i a g r a s s     en tuck^ ' j i  ( ~ e s c u e  i. . *, : . . . . . . .  

c rown-ve&h '~or in i l l a  va r i ae  
. ~ 

2. :we ip ing  &;egrass .' ', 

, ~ e n s a c o l a  ~ a h i a g r a s s  : ~. ~ 

~ n r i u a i  Lespedeza (Kobe) 
Reseeding Crimson Clover. 
crdwn, . .  A ve tch , , . co r in i l l a :va t i a  

5 April-June ,.. 
30 . ,.; ~ ~ r i l - ~ u i e  ,",, . . 
30 . , April-June .,,, . ~ , 2 ;  

8 April-June 

. . ., . , 
A .  . . . . . . .  

. . ,, . .  ,,, ' , ;:,*,..:,,~ 
3. Weeping ~ o v e g r a s s  5 ~eptember- arch 

Reseeding Crimson Clover: 30 .,Sepfember-March ;. 

... Kentucky 31 Fescue 20 ~eptember- arch' 
Pensacola Bahiagrass 20 ,,i::. : ,, ., ,+ ,,Septembe ?-March 

....... .... . 
Crown Vetch C o r i n i l l a  v a r i a e  

- .~ , :t..,, Sept&yr;"arch 

, ,  , " , .  ' . . ; ,: '. .. I . . . .  

. . 
1. Riflawn ~er inudaqrass  . 30 Cubic Fee t ,  Machine ~ c c e ~ t a b i ; !  ~ a t e s  
2. Centipede , , . ' .- . Se t ;  50 Cubic Feet ,  :, .Shou ld  ..Be,,,.Conf irmed 
3.  ~ ~ e r s , , ~ o ~ s i a  ,. : . Broadcast & Disked, : ",,: , .with..,L&al USDA 
4.  zoys ia  :Mdtrella . . .  s .  . .,,, , Extension . . ,off i ce  

a  S o i l  t e s t i n g  should be performed and evaluated  bx ,an ,agronomist t o  
determine s o i l  t reatment requirements fbr"parame+iets such-as"pH7 . . .> . . . . .  n i t rogen ,  phosphorus,  potassium, and o t h e r  f a c t o r s .  + ; .;. 

. . .  . . , . ~ .  , , .,. . , . . t . .. . . . . . . .  
,. , ,.\".. ..f .? 

'seed s h k d  . . . .  be : i r r iga ted , :dur ing  ,. , dry  per jods .  , , . (: . . .  -,. 

C 
Brown Top  ,Millet  (Panicum ... Ramosum) 97 min. . . . . . . . . . . . . .  purety -,: 8q; .percent 
min . g ~ k m a i i i e .  , .  .. . , . 6 ; ;  . . . . . . .  

C . I  , 
d ~ v e r s e e d  i n  September o r ' oc tober .  

. ., e".; . 11.. ' .  ,,.: , . . . . , , ~  , .  .,.. 

~ar, iety,--~mera. ld . . . . . . .  o r  Che Mung. I .. . , i I . . . . ,.,: 



Table 10-2 
APPROXIMATE SETTLING VELOCITIES FOR VARIOUS SIZE SEDIMENT PAPTICLES 

Time Requlred to 
D~ameter of Grain (mm) Order of Magnitude Settle 1 Foot 

10 Gravel .3 sec (0.005 mln) 
1 Coarse Sand 3.0 sec (0.05 mln) 
0.1 Fine Sand 38.0 sec (0.633 min) 
0.01 S ~ l t  33.0 min 
0.001 Size of Bacteria 55.0 hr 
0.0001 Slze of Clay Particles 230.0 days 

Reference: Urquhart (1959). 
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1. Set posts and e x ~ a v a t e ' a . 4 ~ ~ 4 "  2. Staple wire  fencing t o  
, . . . 

. ' .  .. trench upslope-along the l i n e  - . t,'.:::".: the posts. 
.;.;: ,,, :"l: , , 

.:. ,. . ,? .. . ., . . . . 3 .  .. *, p t , ,  ,".. ? I 

;. '. . ; ;, '. . ;, ! .. :: 1 . , . ,?  
,. ~.,-,;,, ' , " + , " , .  ' . , ~ , *  ,," .. ! 

3. Attach the f i l t e r  fabr ic  to  4.  Batkf i l1 :and conpaci the 
I 

excavated soi 1.  the w i re  fence and extend;t .,,,> :!,, :, 
i n t o  the trench. ' . - .. ... .,~.. . 

, , . . ,:' ,,,,, 
., . .,,. ..':.,.,!i -. ..:!.,,,':.(.'if. <.. . ) t , . ,  ., , . .  , . . " -  , . . ,  , 1 

, , . .. . . z . , , , . , , , 

1 

Extension o f  f abr ic  and 

I 
i 

PROPER PLACEMENT OF A FILTER BARRIER IN A DRAINAGE MAY 

' 7  4 2  * , : , , , . . ,.> . ,., . . . , d I 
r,..,,Refemnas Virginia Soil end Water GmseryllUon Cunmissim (1980). .< .r . -,, :.,l. ,Y .  . ~ . .  .. i . .  . .:. 

h..v . , , . , ;;*s ;, . !:, $ ' i ;:-"b :,.!*A,.,? . I il. ... -. $4""! . .. FIGURE go-2 
. , Details for Placing Silt Fences 
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HUNTSVILLE-STORMWATER MANAGEMENT MANUAL , . . . , . . . 
, . ..,.,. ",. . ~ .  , . . -.,,,tiA..,.+,.. ~ ~ " "  .,....,.*,,. 

Staked w i t h  2 
Stakes :Per: Bale ,.. . . . .  . . . '  . . . 8 

. .  . . , . ,  ., >:,,.'. 
Specif ic  Application. ' , " '  . :. ::: . .,.~ 

This method of i n l e t  protection i s -  applicable where the  i n l e t  
drains  a  r e l a t i v e l y  f l a t  area (slopes 

. sheet  o r  over1 and'i:'f 1  ows (not exceedi n 
method sha l l  not' applx t o  i n l e t s  rece 

t r e e t  o r  highway medians. .. ,, . 
~. -. .. 

L". . , STRAW BALE DROP INLET s 
; ,. 

i 

C, 
: 

', , . Specif ic  Applicatfon 
This method of i n l e ~ ~ , p r o t e c t ~ o n ~ i s  applicable where the i n l e t  

drains  a  r e l a t i ve ly  f l a t  a r e a  (slopes no grea te r  than 5  percent) where ,: 
sheet  or  overland.'::fJows (not exceeding 0 .  Si.cfs) a re  t yp i ca l  . The 
method shal l  not ,"ap~l,&:~$o i n l e t s  rece.i~vi,ng,:.'concentrated flows, such 

~ >**7 ,,,+. !*,:??,, . :.> * > 2 ~  ..* .,. ': as ,in s t r e e t ~ ~ o $ * h , i ~ h ~ ~ e , a , s : ,  . ,: :,.,.. . x..,,,,:?,. . .;. ,. .': .-".(.,:$, ,vi..-.e ., (,.,. .,T~*:..:,: .- ,,,, ,,,, , ", . . , ", ,&*,",~".,, >.",!, ,.;?.., .*., 5 % -  .. , . ,  
: , ,.,>.,, .. . _ #,. ;',! . ( . 
, ,." *:,-.?.~.,;. *... - . , . ,  - .- ,... .' 

BURLAP:;OROP.?INLET SEDIMENT FILTER 
,! 3 : . ; ' . , , .  , ; : , . - 

,,? : , . ,,, , , , ,<,  ..,:. , '  ! <, ' -  " " '  
. , . ,, .. .. ,..,:. , . ' 

Relenmcs: Viginia Soil .nd Wafer Co~ervat ion Canmisiw (1980). 

, . 

C: 
;::+ . . . , . ,  , 

' : . . , . I ,  , ' ',I FIGURE 10-3 
', ,. , , .  , . . Details for Placing Temporary Inlet Sediment Traps 

Q1_. ._ .. 
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Detail: of Wash Rack 

Reference Wginia SON and Water Con88rvatron CommirPm (1W. 

- . . , * . -  
FIGURE 10-5 

, ,  . , , :  ,,. " .  , l ' i  .... ".,,,. 
, . ' :.Details'for~onstruction Entrance .. , ~reatment * .,-. . 



REFERENCES 





i . ~ .  . . , .- REFERENCES : . ~ . ,. . . 
, . ,  . .  - . ( .  :... ,: . . ,  .., . . .  , : . :,: :>,: 

1. . ,. ..,. . , :Alabama Highway .Department. 1985. -Standard-:Specif.i'L. 
. .. . cations for Highway.,Construction .. ,.,, ,: Mont,gome,r.yd.::Alabama. 

' . ; .. . , .... > , :>a> .><,y.v;i 
,, I " "  .,_. i _ , . 

2 .  American ~ssociation of State ~ i g h w a ~  ~rans~ortation 
, . . . .- Officials,,. ,1988 .. ->.- 

. , ~  . .. . ..., , 
g ton , 

. . . . ..c.., ,. . . ,., , . . ,  . . . 
, .  :,. ,. . . ,  

3. American Concrete Pipe Association. 1.980. concrete 
Pipe .Handbook. ,'".Vienna,,.~,Vir,ginial.. , . ' , .; $ !+J->W.~J i,:.~?, , , 

.,, ,, . . . . .  , 
. . ,, 

, . 9 .  . , . 3 , , . .. , , ', ,  , .%i :: ' 
, . . ~ ~ .  . . , 

4. ~merican ''Iron arid:~tee:l:'~nsf itutel., :: .:1980,,: : -Modern Sewer 
Design. Washington, D.C. 

, ,  , . ~  , . , 
,. . ,/ . '. . , , '*., .! : . z > , ,  , 

5 ..- .-  ,~ieritian- ~ubiic 'woiki' ~ssociatio 81..r ,Urban Storm- 
.water'Management'.; Special . Repo ' . .,. . .. , , .. , , . . . . , 

49 ... . Chicago, .., , ~ .. 
Illinois.: : . .  .. , I  , . ,  , - ! , , , 8 ' :; : ,,:, ':..,: 

, .,.. > . . , ~ , , , .  . , . . 
. . . , : "  ,, , , , , ' : '.. 1. ..:.:, , . 

6. ~merican society 'of civil Engineer;. 1969. design and 
, 

, . . . . Construction of !sanitary and,, Storm: Sewers.: , Manu'al o'f: 
. , .  ~ng'ineering :Practice No,d. :37 ., : .  New, ~York. ,, (Also( ,:. 

published as Water, Pollution Control; Federation;:~OP 
,. , , . No.. 9. ,~Washing,ton,~. D.C,).. . : 

, , . . , . .v 

.,, ., . . t ,  ';. - .  , . I ,  .; 1:' ; .' ' '  
. . 

. . . , 
' , :  I . , ' ? : ~ : ' "  , ; ,  . 3, r . .  . : , .  : ' . . , : ; , : '  '. ',, 

7 Brater, E. F. 'and H. W. King. 1976.   and book of. c , . .,.,Hydraulics. , ,  6th ed. !New ..York:: 4' McGraw. Hill.. ,Book Co'.:.. 
.! . , '. . . 

' ! ' .  . :  ," . . "..i < :~, :;~ ; ,r :: L.,r37 .: 
8. ' ' chow, v. ' , ,~ ; , .  1959. ~pen;~haineil'~ydraulics.~ v.;;N.~w York: 

McGraw Hill Book Co. 
. .. . , . . 

, , , . , . i" , i .+'. , i ! , . ,  , 

chow,: :a. :,.T ., :,ed.: : ,1964:;; ~andbdok of; Applied Hydkology. 
New ,;Yoyk: ' McGraw. Hill:; Book Co. , , .. .~ , ,. .;... , :  t .: z,,, 

, , .  , 
.. . .  

. . 
. , d , . , ,  

. ., ::. ' 
,, . , ,  . . 

- .  , < h i ,  

10. Cowan, W. L. 1956. Estimatii;: -~~d&ulic Roughness 
. . , . . : , .  Coefficients.. -Agriculturali Engineerinp 37,.. 7:. 473-75.. 

, . , . .  , ,  . .,. 
. . . , . , ., . .  , 5, . . ,  , . . :,. ' 

11. DeKalb county, ~eorgia. 19.76. ..,.~rainage:~rocedures 
Manual. Atlanta, Georgia. 

, .  . . . , ii., .. , . , .  . ... ,. . +,A 1"' 

1,~. ., . Ensman, .E. T. 1983. Roughness coeffi~ieiits:~!for: , .. 
,, , , ,. .. , . . ~0utin.i Surf ace.. Runoff.. in,..~roceedings of :i the, . ., 

conference on ~~draulic'~ngineerinq,.pp.,560-5'65': New 
York: American Society..of:..Civil ,Engineez~....:.~ 

13. ,, Federal Emergency Management Agency. 1985, #:Flood . ,., Insurancel: study, .;City.'lof Huntsville, .,Alabama ,-:,;Madison 
County. Community Number.,tllOl53~.: :.~ashington;i:,Di~. 

14. .Frederick, R. H.,,V. A. Myers, and E. P. Auciello. ,,. 
1977. Five- to 60-MinuterPrecipitation Frequency for 
the Eastern and Central United States. NOAA Technical 
Memorandum NWS HYDRO-35. Sllver Springs, Maryland: 
U. S. Department of Commerce, ~ational-weather Service. 



15. French, R. H. 1985. Open-Channel Hydraulics. 
New York: McGraw-Hill Book Co. 

16. . Georgia Soil and .:Water'Conservation~Committee. 1980. 
., .., . , 
. . . .  . .  Manual'.for Erosion and -Sediment Control .in Georgia. . . . . . .  

Athens, Georgia. 

Golding, : B.,; :L. ,1987. . Storm ~ewer'!~nal~sis.'arid 'Design 
Utilizing ~yd&graphs. Orlando, Florida: Hilbern 
Engineering Software. 

 oldm man, S. J., K. ~Jackson,~.andT. .~...:~urszt~.nsk~. 
1986. Erosion and Sediment Control Handbook. 

P 

. , . , ~  . . . . . . . .  New 'York: McC;raw HillzBook Co.. , .  . ~. . . , ' ,  . . , ; , , . . , ,  : , ~. 

19. Hershfield, D. M. 1961. Rainfall Frequency Atlas of 
the United States for Durations from 30 Minutes to 24 
Hours and Return Perlods from One to 100 Years. 
Technical Paper No. 40 (TP-40). Wash~nston. D.C.: 
U. S. ~epartment of Commerce, Weather ~uieaui 

. , , . , . , .  , , , .  , ' 
, .  . ,  . 

1 _. , 1. , 4 ' ,  2,. .? . , 

20,. 1 Israelson, ,C.: E.,et al.: 1980. c:-Erosi.on~Con~r01 During 
, . ., .*, Highway Con.struction," 'Manual on Principles 'and", -; 

. :Practices.. . National Cooper:ative Highway 'Research 
Program Report 221. Washington,'D*C-::Transportation 
Research Board, National Research Council. 

, . . .  , . . . , * , , # .  , . ,. . . .  i . . . . . . . .  ... > r  
. , .  ., 

21. Jens, S. W.. and M. B. ' McPherson. :.1:964.-.' Hydrology of 
Urban Areas. Handbook of Applied ~ ~ d r o l o ~ ~ .  V. T. 

,. . 
, , , ' Chow,. ed. . . New:. York: . McGraw Hil1;Book Co. , .,.: . ~ 

, . . . . . ,; , . . 
22.. Johnson, W. K. 1978. Physical and Economic Feasibi- 

, , :-lity of. Nonstructural Flood-PlainManagement. Measures. .%, 
Davis, California:- ,Hydrologic Engineering Center 
(HEC), U.S. Army Corps of Engineers. 

. - ,  . ,  , . . . , ,  
. , 

. , ,  . . ,. , I . . : . , . , 

23. -: Linsley, . R..: K. ,:.Jr.:,'-.M.. A. Kohler, and' J.Z. H': PauIhus. 
19'82:. H.ydrology for Engineers. New York: . . 
:McGrav;Hill .Book CO. . . . . . . , . . . . .  ,. , . . ., ., 

,. , 
, , ,. 

. ?  ,. , .  . . . . . . . .  
24'. Marsalek, J. October 1978. Research on the Design .., 

. .  Storm Concept. AddendumN'o. 4 in Urban Runoff :Control 
Planning.: Miscel'laneous Report Series, EPA-600/, 
9-78-035, pp.. 153-87. , Washinqton;'D.C. : :U.S, . .  - - -  , , . . .  Environmental protection. ~ ~ e n c ~ .  " .,.!: - -  . ' '  , ..: 

25. .~arsalek, :J. 1985. .; Head LOSS& a t  ~eiected: sewer 
! .:.; .Manholes., .Special Report No. ,52. Chicago~,;~Illinois: 

, , *  , u . ,  . , , .? ':;American ,-Public Works   association.'".'" "! . , .  

26. Marsalek, J. '.~anuary 1987. , ~anhoie ~unetion Flow. 

, . 

. . . . . . .  
, ,  .. , ,  , . .~.,., , . . , .  

0 



, . , .,. , . 

,.. , . C .  

29. Maynord-, S: T. , 1987.' Stabre Rip&p , ~ . i z e . - ~ f &  Oqen 
channel 'Flows. Ph.D. Dissertation-.- : coi&'ta'do.:::State 
University, Fort Collins, Colorado. 

. , . . . . .  ~. . # . .  , . .  ~ , , ,  ~. , , . , . , . , . , , . _ . . . . . . . .  % ..:. <,,.,', 
. . .  . . . .  

30. i~d~innon,. l!R.: .J. 19.84 .I ,:: simplif$:ing,:st&&w&te=:-. 
Detention Basin Discharge-'~ontrol:~ete'm~snat~ons. 
Public Works 115, 6: 68-69. . . . , .  

i, . : . . .  . . . . . . .  .. , . . ,  , '  , / : . i : A . ( i :  . , . . 

31. ' ~ e i i ;  H. . G. ,1980.. ' ,~nalysis' of Deterrt5b:d~%ln:. 
Systems. Water Resources Bulletin 16, 5,:' 824-29.. .,, 

. . . , .  . . . . .  . , . , ,  
.:,>. $ C!.,, c; ';:.*' . . . , , '  

32 .,,,Miller, J.:.F. ,1964. ,.'Two-~and'~~en-~ay'~~rec~~i2$tion 
~,.:,. . , : .for: Return- Periods ,of. 2 .to ,100 Years ,in -the. Contiguous 

United States;.. -.Technical Paper Nox.49 '(TP-49): 
Commerce, Weather 

,,.,), 1 . I . . . . .  ", ..:. 
: ., s'. ,, 

,; . ? , , . - .~ ., , . . . 1 .1 , : 
;.'Plood..-Ftequ ency 

Flow in Channels Lined with Vegetation. Transactions 
. , ,  . ,, . 

..%..: ,. ;..., of the ' American' ~eophysi-cal 'Union 27;;'. 12: ::187-97.. ............ . . . . . . .  .. . . . . .  . . . . . . . . . . . . .  :'.,I.. i J  i . .  ... . . . . . . . . . . . . . . . . . .  <. ., ,,. ,, _ .>.~ :,,... . ~ -  .: J,S;.,,;.:':;p~~~rska;:sA. ,,, J,." 1978.; . H dkauri$ D=,&' n'.!&~'-'$'$'i.llin 
Dissipaters. Engineering Monograph 
on.,- D. C..: .. U'. S. Departmen't o f  . , , I  

" 
. . , , .. , , , 'Interio of '~eclamation. ." , : , . . "  

. ,  . . , .  . , . :  : ;., i'.., ;. . ! . , ! , .  , , ' # .  
, "  . . . . . .  . , , . .  - 

ember 1971. A ~~inograph'.~hs;d'*on 
Kinematic Wave Theory for Determining Time of 

8 Concentration :for Overland. Flow .,. Report .,No. 44 :. , 

?College Park,..Maryland,: ,::-University"of ~aryland,' Civil 
. . . . . . . .  , , ,.,: , : .4' , '<' . : :! . ,~, . . .  Engineering Department ;'' -: , .  : 

37. Reese,. .A.:. J... 1984.. :Riprap Sizing,:Four Methods': , In 
Proceedings o f  .-ASCE Conference on Water for'.Resource 
.Development, Hydraulics Division, ASCE. David .L.: 
Schreiber, ed. 

, ,  , . ,  , , . , . 
. ,  . . . I -  , .  ~ , ,  , ~. . . ,. . , . , .. , ; . ~ . , 

37. Reese,. .A.:. J... 1984.. :Riprap Sizing,:Four Methods': , In 
Proceedings o f  .-ASCE Conference on Water for'.Resource 
.Development, Hydraulics Division, ASCE. David .L.: 
Schreiber- pa- 

. 38. .Reese, A.- J.. 1988. Nongraphic, ~ i p r a ~  Design. .': 
Misce1laneous:'Paper HL. .88-2. Vicksburg,. Missi'ssippi: 
U.S. Army Engineers, Waterways Experiment Station. 



39. R o s s m i l l e r ,  R. L. J u l y  27-29., 1 9 * 2 . , . .  O u t l e t  S z r u c ~ u r e  
. . . . .  

, , . . H y d r a u l i c s  " f o r  ~ e t e n t i o n  . F a c i l i t i e s .  . I n .  P r o c e e d i n g s  o f  . , 

t h e  '1982 I n t e r n a t i o n a l  ~ y m p o s i u m  on Urban Hydrology,  
H y d r a u l i c s ,  and Sediment  C o n t r o l ,  p p .  341-3 

0 
. . .  L e x i n g t o n ,  Kentucky: . .Un ive r ; s i ty  ;:o.f Kentuck 

. . . . . . .  
. , ' ,  e , ' , ; :  .,.,: . . . . . . . . .  , , , . ,..~ . .:. / # .' . A 

.,.> I . i / . . j  40:' she rman , '  L.. K.  ' ~ ~ r i l  1 7 ,  1932. S t r eamf low 
R a i n f a l l  by t h e  Unit-Graph Method. :? 

. ' ~ e w g ~ e c o r d  1'0.8,:: , .,5.01-5 .. , :. . , . > . , 
: . , , '  I , : -  , . 

'41. s o w e r s ,  G. B. and G. F. Sowers .  1970. ' ,  

S o i l  Mec,hanics  and  Foundat ions , .  3 r d  .ed.: .. 
' ,  . . 

, . , . .  : MacMillan, . P u b l i s h i n g  Co. ;, .. ,., ...... : : . . . .  , . .............. . , 
/ +  ..~ ./ 8 .  . 

, , , , . , . % ' . l 2 .  .! i.l . , 
4 2 .  S p a n g l e r ,  M. G. and R .  L.  and^. 1982'.""'So. il' " " - 

. ... .. .  E n g i n e e r i n g ;  4 t h - e d .  - , , N e w  York::  Harpe r ,  &. Row;. ;; : 
, . ,.. , . .  , . , ,., , , , , , .  , , , - . ! i . , . '  .,', 

,43. '~einp'ie, D. 'M. , '  K;-:M: Robinsdn,  R.  ~ ' ? ' ~ h r i n ~ ,  and  A. G. 
Davis .  ... 1987 ..... , . 

C h a n n e l s .  -, Agri  
! D.C. : U.S. .!Department; o f  Rgr i cu ,  
I 

, ,  . , , .;, ,. , , . 
, , , , * .  . . . . . .  . I  . . . .  ,: *r,! , , . . . .  i , . i l 4 : . ' " ~ e n n e s s e e  v a l l e y  ~ u t h o t i t y  . 1986'. P rocedures .  : f o r  

1 E s t i m a t i n g  'Flow-Frequency for Urban S t r e a m s ,  
i . . 

' . .  . . . . . .  , . H u n t s v i l l e ,  Alabama. , !  Knoxvil le , , ,  , . Tennessee-. :.,. .:,., 
. . . . . . .  . . . . . . . . .  , . , . . . a ,,,..., . . ;  . ' . . . : , . . ,  . 7 ;  '.( 

45. U.S. Aqmx,;  corps ,,of ~ng~in'eers,;,.',.-'198'2::.:;':'~~~-2 . . ,  w;i.tgf 
' s u r f a c e  ' P r o f i l e s ,  US&% Manual .. 'Ge r i e ' i a l i zed .  Computer 

. Program 723-X6-L202A,.. Dav i s ,  C a l i f o r n i a , .  ..,,a,: !.,&; . :2; .\: ..> ... , . . . . . .  . L .  . . . . .  . - 
.I .. 

0 
.! ' ; . , , . , . , : , ; , , . ; . ,  ; : i . - i ,  . .- .,,: ,,, 

4'6':' .u.s. ~ e ~ a r t i e n t  o f .  Agric .ul . tur ,e  ... < ,  ..,; March. .l9,.47 .: Handbook 
o f  Channe l '  D e s i g n  f o r S o i ~ % d . - ~ a t ~ r ~ o n s e r v a . t i o n .  
T e c h n i c a l  P a p e r  No. ,61. (TP-6.1).. S t i l l w a t e r , :  Oklahoma. . , .  , 

. . . . .  , ,. ~ . . .  . . . . . . . . . .  : I .  . . . .  . , . . . 5  
i .  . , .  

47. U. S. i ipar tmei t .  of ~ ~ r i & p l t u r e , ; ' .  so i l  . consek i t~ t id -A 
S e r v i c e .  1975. S t a n d a r d s  and . , S p e c i f i . c a t i o n s ~ . . f o r  S o i l  
E r o s i o n  and  Sediment  C o n t r o l  i n  Developing  Areas .  

. . .  - wash ing ton ,  D.C. ' : , > .  ,.: < , , .  
. . . .  , . , , , , , ' , '  . . ,  - 8 , .  . 

48. U. S. Department  of ~ g r i c u l t u r e ,  ' soi;i;:cohi 
' , S e r v i c e ,  1956. . Hydraulics:;, c ; N a t i o n a l  : E n g i n e e r i n g  . . . . .  

. , Handbook, S e c t i o n  5 (NEH-5) .  . , . . . .  i.:.,l.. , ~ .  

49. U.S. Department  o f  A g r i c u l t u r e ,  S o i l  C o n s e r v a t i o n  
service,. . ,1958.. S o i i  Survey  o f   adiso is on County.,. :, ,.. 
Alabama. Washington,  D.C. . (Maps u p d a t e d > , i n ,  1981). . . . . . . . . . . . . . . . .  . . .  ... . . . . . . . . . . . . . . . . . . . . .  

,;;.:,. . . .  . 
, . , , ,  

50. U. S. Depar tment  o f  A g r i c u l t u r e ,  S o i l  C o n s e r v a t i o n  
- 

S e r v i c e .  . 1 9 7 2 .  Hydrology. N a t i o n a l .  E n g i n e e r i n g  . ,:. .. 
. . . .  ., ~ ., Handbook, ' S e c t i o n  4 (NEH-4) ,.. Was,bing.ton. .. D.C.. : 

. , . . . . , . I .  . ,  . .  . .  , . 
'., , , , . .  ,,. , ,  ., . . 



. ,  ... . .  . .  ,. , 
. ,, . ,.. . , , . 

51. U. S .' Department  o f " ~ ~ r i c u l t u r e ,  S o i l .  ~ o n s e r y a t i o n  
S e r v i c e . , .  19,83 .' computer  Program f o r    project,;.,,: 

 formulation'. ~ e c h n i c a l  R e l e a s e  No. 20 (TR-20). 
,   washing ton,^ -D..C., ,, , .. ,. , 8 . . ,, . . , . c , s ,  . , : +\.., . s d . i i  .., , I  .; :, , .  . > .  . .  3.  '" 

, . _  I . . .  . ,  . . . . .  , ,, . , . I  ':..'.' ' ' ,.. .. .,, ! .' . . , , . . . ;  . ~?:.%.'. 
52'. ' U. S.. Department<, :of  , :~g r i cuL ' tu re , . :  , soi l i  C o n s e r v a t i o n  

s e r v i c e .  '1986. :. u r b a n  ;Hyd'ro.log.y fo? Sma1l ' ' :Wa:~ersheds.  
T e c h n i c a l  Release No. 55  (TR-55). NTIS No.  PB87- 

, . # , ,  
., . . t . ! ' , t , -  ,. 

. . . ,  . . .. , . ,, * , . .  , . . .  . . , ,  ~, ! ~, . S. ~ e p a r t m e n t .  o f ;  ~ r i h s ~ o ~ t a t i ; o n . , , ,  ~ & i e r a l : : :  ~ i g h w a y  
dminis trat ' ion. : . ; ,  :August --1961.. . . 'Des ign  . 'Char t s : .  for Open 
hannel '  Flow'. ' ~ y d r a u l i c -  ~ e s i g n  S e r i e s -  -No. 3 (HDS-3). 

Washington, , ,  D.C. .. . * , ,  . .  , ; , , , .  ,. , .  
,. ,.,. . , .  , . .  . , .  . , . >  

A d m i n i s t r a t i o n .  1979 . .  Pavement and Geometric Des ign  
. , . - C r i t e r i a  f o r . . M i n i m i z i n g  Hydrop lan ing ,  t F i n a l , * R e p o r t ,  ri. 

FHWA-RD-78-,31.:1-, , ,Wa~hington , .~D.C. .  . . ,< :, : . ,.,.. ,..,. 

59. U.S. Depar tment  o f  T r a n s p o r t a t i o n ,  Federa l , tHiqhway 
, .~ ~ d m i i i s , ? i a t i o n .  -: .seip' tembir. . ,~9,83. ~ y d r a u l i c . . D i s i ~ i  'of 

'; Energy ~ i s s i p a t o r s  : f o r  ' C u 1 v e r . t ~  . a n d  -Channels .  .. . . :  

H y d r a u l i c  E n s i n e e r i n a  C i r c u l a r  No. 1 4  (HEC-141. 

. ,, ' , , . , ,  . ' .  . (I i;. 
, 3 , .  , q ., . ., .. . . 

60. U. s .: ~e~i i t rn=~t . . .~ f  .Transp&rt.~'tion;. ~ e d e i a l ; :  ~ g ~ h G a ~  
~ d m i n ' i ' s t r a t i o n ' .  198.a';' ' D r a i n a q e ' o f  Highway. :Pavements. 
FHWA-TS-84-202. H y d r a u l i c  E n s i n e e r i n s  C i r c u l a r  No. 12 

, . . .. [HEC-,121 . ~ a s h i n g t o n ,  D:;C. . - - 
, . 

, . ,  . , . . . , , .> - .- .. . .  . , .  ., , .,. .. . , . ,  '. . , . , : , . , .  
) I 1 - , , 

fi . , i . i : : :  . . , , . . .  
61.. , , , , ~ . . .  .: " . .. u . s .  ; 'Depar&&t: , .. 6 f ~ a t o n ,  .Federa l :  , ~ f  gh&y 

~ d m i n i s t i a t i o n  ... ApriL~1.984~.~.~,.Guide"for S e l e c t i n  ,.., , 
~ a n n i n g ' s '  ~ o u g h n e s $  C o ' e f - f i c i e n t s  f o r .  N a t u r a l  -Cha$nels 
and  Flood P l a i n s .  FHWA-TS-84-204. McLean, V i r g i n i a .  



62. U. S. ~epar'tment of Transportation, Federal Hig -... -, . .. 
Administration.' .1984.- ' 'Hydrology. Hydraulic , ; 
Engineering. Circular No.. 1 9  . (HEC-1.9) .' .. Washington, D. C. 

. , >  .. .. . , , . c , ~  ' 
, , , . . ,  . , , 

. , 
~ .~ 

0 
63. U.S. Department of Transportation; ~ederal Hiahwav 

Administration. 1985.. Hydraulic Design of ~ighwa 
.:.Culverts. Hydraulic Design Series, No. 5 (HDS-5) . '. 

. - 
! :  ,.. . FHWA-JP-85-15.: , ~c~ean,:,.Virginia: ' , : '  , , .,.. ..,; : , ,  

., . .. ' . . )  ,.. . . . ,  " ,  . i. , ' . . I  
, , . ~ ,  '. . ~ , . ,  ' ,..., 

. . . . .  
64. U.S'.' Department of ~rans~orta'tion; Federal .Highway 

Administration. 1986.  ridge: waterways. '~nklysis -Model 
(WSPR0)--Users Manual. HY-7. FHWA-IP.-87-3 

. . , ,  , . . '  , , , , ,  , ,  . , ., . 
. , ' : . ,  :.. . . ,  ,., 

U.S.,-Department of ~ransportatio 
Administration. 1986. Design of' Stable'Channels with 
Flexible Linings. Hydraulic Engin rcular No. 

, . 
. : ' 15. (HEC-15) . washington, ,D.C . , , '  . . . .  

, , . . 
, . . , .  . '  , ,  , , ,  . , . 

66. U.S:'~~eological survey. 1976a. Computer Applications 

. . 
' for,-Step-Backwater and - Floodway Analyses, Computer 

.. . ,, , .  . .Program E431 Users Manual. Open-File- Report .76-499. 
. , .  ,. , . . . , , , . , ,. ' ,' , . ., .. . ,".:' . , , 

U". 
. . 

;; 67. U.S. Geological survey. 1976b. ' ~o'mpu'tati*on'o'f' 
Water-Surface Profiles in Op,en Channels., Techniques of 

: .water ~esources ~'Investigations: Book '3; ' -  Chapter A15. 
.,,. . : ,*.  , . ,  ,. , ,  .,., . . ,  , , . ' ,., . . 

. . .  . 
.. , 

:.., .,. 
. . , . . I , ? .  , , 

:.,.l+.~..::;,.' ':, , . 
68. U:S. !water Resburces ~ouncil. ' ~ev'i~ed seutember 1981. A . - -  

,,Guidelines for Determining Flood Flow Frequency: w 

Bulletin No.17B of the Hydrology,Committee. 
a ,  . . .I,,.,. I : , . .,.; 

' -Washington; D.C. ' : ,  :,., 

. . .  . . 

69:.;,::;.~niversiti ,., ,.. of. ~issouri , ... ..: . ,1958. . .  ~resS6re. chink& at 
, . . , . .  Storm Drain Junctions. * Engineering--.Series :Bulletin No. 

41. Columbia, Missouri: Enaineerins Ex~eriment - - .  - . ~ ~- 
. , , . , , 

.' 'Station. ' . . , , . . ,, 
. . . .  A:.. , , .. , . ' ,  

. . 
70.. . urquhart,.L.. C. i959.. .: Civil ~ngineering Randbook. 

4th ed. N e w  York: -McGraw..Hill Book Co. . , 

71. Viessman, W.:, Jr .,, 
, , Harbaugh. . :1977. , '  

New York: SEP,: A 
, , , "  ' . .  , I . . .  . 

72. Virginia Soil and Water Conservation Commission. 1980. 

. . 
73. Wischmeier, W. H. and D. D .  .sml+h.' 1.9'78 .. . ', , p="  edictino ~ -. . . . 

~ainfall ~;osion Losses--A Guide to Conservation . . 
. . ~P~lanninq'. ,-Agriculture-Handbook No: 537 .. , Washington, 
:D. C. : . U. S. ~epartmenk .of. Agriculture,' 'Science" and n 



74. Woolhiser, P. A. 1975. Simulation of Unsteady 
Overland Flow. Unsteady Flow in Open Channels, Volume 
11, Chapter 12. Fort Collins, Colorado: Water 
Resources Publications. 

75. Wright-McLaughlin Engineers. 1969. Urban Storm 
Drainage Criteria Manual. Denver, Colorado: Denver 
Reglonal Council of Governments. 





APPENDIX A 
Ordinance 87-269 

Article XLV Floodway- 
Floodway Fringe Districts 

Regulations 





. . .  . . . .  :. t .  .- .,Appendix :A:,: ..... ; 

ORDINANCE NO. 87-269 .~ . 
. . .  . ,  . , . ,~ , 

?> 'I . ' ' ~ . . . . . . . . . . .  , , ; ; .  : ,,<5,.:E" ,,:. *.:;, ;:. ......... -. ..... Cli . . . . . . . . . . .  - . Vi. l . . 
3 .~ 2 , .  ,. 

A r t i c l e  XLV - 
Purpose i n  View 

. . . .  
. . . .  , , . ,~ ,,,;,,, . , . . , . . ....... .... .. . , : . . ::: ;;r:.:..:. ...: :..:'.. :.. ;. . .  .* - ." ,a 

45.1, . . $1 ,,,,, P,ropis!k,on.~f o r  Sloodway :Distr.i.ct. .and:;F 
, . ,~,Distr.ict,; :,: ,: , : , ! c ~ :  : .;, .i, .,. ,: :,- ,..,. 

, . , . , . '  . . . ,  , . ,  ,,-, : 1 . ' :  . . . . . . . .  
45 ..ZiG. D,efini.tions,..:. ., .. 

. . .  . ,  " , .  L,, 

45.3 P r o v i s i o n s  f o r  
. . ,  . , ( .  . '  ....... ' ,. 

, . / i .  . ,, ~ . . ,  .,: , . , .  , "  ~ -, 
' .,. ,,.. 

4'5.4 . . .  ~ i t e r ~ r e t a t i o n  o f  ~ l o o d w a ~  ~ i s t r i c t  and ... Floodway Fr inge  
Distr ict  

. . . .  , ,, . . , , !',-.J.,/ :, <,,., : . <@ . ' . .I ./ , ;.;.,. 
: >  . . . .  <. .  ... . . ,  , ", ,),I,.:>, ' " ~ , ,  ,~ , . *'. : ; . ,  

45.5 Appl i ca t ion  o f  t h e  Floodway Distr ict  
8 : ., ;:;. ., .%< ,, , , ..... ", .... ........ 

45.6 U s e s  S p e c i f i c a l l y  p r o h i b i t e d  i n  Floodw'ay District 
. ,.. . . . .  . ,. , ,.,. . . . . . . . . . .  . . .  . . . . . . .  , ..xr.: .,i .?..:, ..:.; '>I:.:. .: 

63' ..... 45.7, , ;  Appl i ca t ion  bof-.the,;Floodway :Fring.e;; ~ i i t r i c : ~ . ' . : ; . .  ..<i,, .::.rs 

. . .  ...I... . . . . . . . . . . . . .  .., ;..:, . . .  , . :  I ..;'.; r ............... ......., : , f i ; : . : : . . > . :  , . .  . . . . . . . . . .  
45. 8 Permit  Required ..... :., .. .: .;,. . !,.;,.:, ..:. ~J.:... : .<:: :~.;.z~,.~ .;.. 

45.9 . . . . . .  .S tandards  f o r ,  Areas..,of Shallow..Flooding (A0 Zones) 
... . . . . . . .  

, . ,  , .,. . ,  , . , , , ,  . . ,  ",. 
, , . >  , , : _ , ,  ' 

45.10 s t a n d a r d s .  f o r  s t r e a m s .  ~ ~ e y o n &  t h e  FIA.; s.tudy. L i m i t s  
Without F I L ~ k t a b l i s h e d  Base Flood E leva t ions  and/or  

,:. : , ,, -Floodways : - . . , . , , . ,. . . . . .  ,. ;<, . , .. . . .~.  z .,.. , . 
. , .  , ... . . . . . . .  , . ,,, .. . . .  .. * ... il, 

' 
45.11 ~ t a n d a r d s f o r ,  Subdiv is ion  Propo,sals , . ~ ,-,, 

. . . . . . . . .  . .  , . , 
. . 

45.12 Variances  
. . . . .  : ' : I  . . . . . . . .  ......... ............ . . . . . .  . , , .  I ,. .,.,, . , . '  , .  , 

3 .  

45.13 D.uties-.and ' ~ e = ~ o n s i b i l i t i e s  ,of.,.the:Engineer o f  P u b l i c  
. wos . . . .  . . . . .  , , " ' . ,  . . . . . . . . . . .  . ' , ., ,. , . . ,. 

, ,.., - . . , . . , . . , 
45.14 Dut i e s  and R e s p o n s i b i l i t i e s  o f  t h e  Bui lding I n s p e c t o r  



ORDINANCE N0..~'8 7-269 
. . .  . . . . . . .  . . .  . . . . . . . . . . . . .  , :  

AN ORDINANCE TO AMEND TIiE Z O N I N G  ORDINANCES OF THE 
CITY OF HUNTSVILLE, ALABAMA 

. . . . .  . .  - . .  .,.. . , . . ,  , . . . . 
' , b  . . I  . ,  . ~ . . .: . , . . I ,  ~. . <  . - ... .. . . . . . . . . . . . .  *,., ~ . .  ,,. . ......... . . . . . . . . . .  .%; 2. .,*.. 
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The p u b l i c  we l f a re  r e q u i r i n g  i t ,  and under a u t h o r i t y  
g r a n t e d .  b ~ - ~ , S e e t i o n  ... 11-.52-78:of the.rl9.75 code , -of -  Alabama,'-BE 
IT ORDAINED by t h e  C i t y  Counci l  o f  t h e  c i ty o f : H u n t s v i l l e ,  
Alabama, t h a t  t h e  Zoning Ordinance o f  t h e  C i t y  of Hunts- 
v i l l e ,  Alabama, a s  adoptec? on t h e  2 1 s t  dayifof :March,: 1963., 
a s  amended, i s  hereby fur ther ' amended  a s  fol lows:  

. , ,  ~, . ' . _  . . . . .  . , 
. . , ~ . <  / ,i . ; . = , . i . ,  . , 

Repeal  ARTICLE XLV and r e p l a c e  w i t h  new ARTICLE XLV t o  - 
, , , . ~. . , 

- 
. . . . . . . . . . . .  . . . .  ;I: : read a s .  . fol lows :, , .  , . ,+ I *  

. . . . .  

ARTICLE XLV - FLOODWAY-FLOODWAY FRINGE DISTRICTS REGULATIONS 
. . .  . -  . . < ,  . . ' .~~ . ,, ' 3 ,  ., . " ' , . "., . . . :.,. 

' Purpose. i n  View 
, ,  . . . . .  , .. > , "  . . .  , , . . '  ;., . .;-, . . , , , 2 ." . , . .  , .  , . 

It i s  t h e  purpose o f  t h i s  o rd inance  to 'p romote  t h e  
p u b l i c  h e a l t h ,  , : s a f e t y  an'cl w e l f a r e  and' to.: minimize. I '  

p u b l i c  a n d ' p r i v a t e  l o s s e s  due t o  f l ood  c o n d i t i o n s  i n -  
. . 

s p e c i f i c  a r e a s  by p r o v i s i o n s  d e s i g n e d t o : '  , ,  .) . . ;  . ,  . 

- (1) . r e s t r i c t  - o r  ; p r o h i b i t  uses;  which ;are-. ,dangerous to '  
h e a l t h ,  s a f e t y  and p r o p e r t y  due t o  wate r  o r  

. , 

. ! e ros ion  o r  in-iS10od height~.~'or~velocities; 
. . . . . . .  ' , ,' ,-3 . . . . . . . . . . . . . .  . " . . . . . .  . . . . - <,, '; 

(2)  r e q u i r e  t h a t  u se s  v u l n e r a b l e  t o  f l o o d s ,  i n c l u d i n g  
f a c i l i t i e s  . w h i c h s e r v e . s u c h  uses ,  be  p r o t e c t e d  
a g a i n s t  f l ood  damage.at: ' the.,  t ime - of  . i n i t i a l  . . 
c o n s t r u c t i o n ;  .... . . . . ' .  

( 3 )  c o n t r a 1  t h e  a l t e r a t i o n  o f  n a t u r a l  f lood  p l a i n s ,  . . 
. " s t ream:~chanr ie l s~ ,  ' a n d - n a t u r a l , p t o t e c t i v e  b a r r i e r s -  

which a r e  involved i n  t h e  accommodat ion"~f-  f l ood  
Waters; 

. . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . .  . , . ,7 . . .  . . '  , < 

( 4 )  c o n t r o l  f i l l i n g ,  g rad ing ,  dredging a n d ' o t h e r  
development "which may ' : ihcr&ase ' ,e ros ion :dr,:.floid . . ' '  

damage; and, 



(5 )  p r e v e n t o r  r e g u l a t e  t h e c o n s t r u c t i o n  . . . . . . .  of f l ood  , . , *  
< ,  . ~ . , . .  .-.. ...... 

b a r r i e r s  'which , w i l l  .,. . ,. u n n a t u r a i l y .  . ,  d i v e r t  f l o o d  , , ;  ,,: , ,,.,. :. 
w a t e r s , o r  which may i n c r e a s e  f lood  hazards  t o  
o t h e r  l ands .  : (7.9-239). . . . . . . . . . .  ,.,i,, . . . . . . .  ..... . . 

, . , ., , . . . . . . . . . . .  ,:, . . . . . . . . . . . . . . . .  .".,....'..,. 3:. l,2x>'e..?.'., , . . . . . . .  .--*. "?,. -..*" -- 
. Cli.. .I . . .  . . .. : - - . . , . : .  ,.I .,.; .i:. ,. ~, ,,*, :*.?.., c:s. ,:L:C*~.J 

45.1 '- Provisib;;i f o g  Floodway Distr ict  - a n d  ~ l o o d i a y . . F r i n g e . i ~ , , , ~  
D i s t r i c t ,  .. . . . .  ......... ? :  ....,. .... . . . . . . . , .  . . , , G':: . , < :  :.: . i. ' 

, . .  . . . . . . . . . . . . . .  
, . . . . . . . . .  '" , ;~.  ... ' . , (  . , . . . . . . . . I -  ? . - .  .... 

The boundar ies  and d e s i g n a t i o n s  o f  t h e  Floodway' 

District . . . . . . . . . . . . . . . . . . .  and. .  ~ l o o d w a ~  !.,.,. ,., Fr inge  . . . . . . . .  Di.str ict . , , ,prov.ided ,. .". &- ,f  or:, h e r e i  . ., ........ 
a r e  , ,he reby .  , e s t a b l i s h e d  . .  e ........ ..., ,.as ..shown . . . . . . . . . . .  .,,, onr t he . .  . . . . .  - maps.:c8&tif l ed& 
t h e  'tiel; ."Flood . .  . . , , ,  Boundary . . . . . . . . . .  ,.and.:Floodway . . . . . . .  .. , pJlaps:, ,,:City of:,  ,,,, 
~ u n t s v i l i e ,  . . . . . . .  .Alabama, .. , 'Madison . . . . . .   count^, ' ! : , ; ; ( ~ o ~ u n i t ~ ~ ~ a n e l  ,:!,:&;:, :, ,, 
Numbers 010153 0001-0050). cdkposeh ' o f  ' p ~ n e l s " l ~ ,  15,  
30 i s s u e d  by t h e  U.S. Department o f  Housing and!iUrban, . . . . . . .  i., ... ,* . . . . . . . .  
~ e v e l o p m e n t ,  . :  , ' L  ~ e d e r i i  , , , , . ,  . . . . . . . . . . . . . . . . .  ~ ' i s u r a i & ; . ~ d m i i i s t r a t i o n  . . . . . . . . .  ,. .bear+ri 
e f f e c t i v e d a t e  of November 1, 1979, and pane l s  25, 35, 4 
and 50 i s s u e d  by t h e  Federa l  Emergency Management Agency, ,. .., 

, . 
r e v i s e d  e f f e c t i v e  d a t e o f .  . , ,. September 27,,;.1,985. .,...These maps a s  
i d e n t i f i e d ,  and a l l  e x p l a n a t o r l ' m a t t e r  . th&eof ,  a r e  hereby 
adopted.  and made a  p a r t  o f .  . . . . . . . . . . . .  . t h i s  ,- ,ordinance . .  .;, ,,Such,..maps::and . ., . . , , , 

explanatory '  m a t t e r  " s h a l l .  , .be .. f i l e d ,  ............... i n  t he . . o f  f i c e  o f ,  t h e  C i t y  
Clerk-Treasurer  o f  t h e  C i t y  o f  ~ u n t s v i l l ~ , ,  ~ labama. .  

\L. (79-239) (85-714) 
1 . ,  

. . . . ,  

, , ! . "  , .  ,.,, , . , *  . ... ' .,*. , , , \ ,  . . . . .  s ,  

45.2 - D e f i n i t i o n s .  ,, . , 
..( . . . , . .  , .. , ,,, .;-, $: , > t  : , - , , ? I : .  

. . , . 
, . . .  ,,<! . . ,  ;, . . . . . .  .d: ,,:: .L??,.  ?.'. 6:; i.,: 

Addit ion ( t o  an e x i s t i n g  b;iiding) - Any wal led and . roo fed  
expansion t o t h e  ", p e r i m e t e r , o f  a . b u i l d i n g  i n w h i c h i t l i e  ., . , . ,,. . . . . . .  . . . .  
a d d i t i o h  i s , ,  connected:':bjk,a I .,,, , P , .  . ,conud& > . . .  .,load;-beirsig:: , . . . . . . . . . .  .,.ji. w i ~ ~ : ' : ~ t h ~ i  .... ...... $,#.. . .. . 
t h a n  ,'=:fir&: wa l l .  , .  , Any :walled: and roofed  . . . . . . . . . . . . .  addi , t ion  .,which . . . . . . . . .  i s  . . 

. . . . .  
ccnnricted 'by ' . i  , ,  ' f i r e .  , , .  ... w = l l '  ,,. o r  i s . .  . . . . . . . . . .  s&=ra t ed  ., by. independent.  ,, , ., , 

pe r ime te r  l&d-bearing w a i l s  i s  new c o n s t r & t i o n .  
. . . . .  .. ,  , ,ij , , .  .Il;-. . i. . . 

... .... 
~ r & i  of  i h a l l d w  'fi60dii;q - ~ . : ' d e s i g n a t e d  . . . . . . . . . . . . .  A O  :2&ne.[0n',:.a.'commu- . . . . .  . . . . . . .  ., 

n i t y  's. Flood. In su rance .  Rate:. MG (FIRM) w i t h ,  base. , . . . . . . . . .  , f l o o d . .  _ . . .  ...... 
. . , . , , .. , .,, . ., ., . 

d e p t h s  from one . . >  . . . . . . . . . . . . . .  t d  ' t h r e e  :f&t where , . , 3 ,  ,va, , . c l e a r l y  . , d e f  , ~ inzed, , ,  .,,"d: ;I. .,* ,,,, 

channel  does n o t  e x i s t ,  where t 'he pa th  o f  f l ood ing  i s  unpre- 

. . ),,I. 
j.2 ., .4. . .  . . .  . 

wi th in  a community s u b j e c t  t 

P, 



Base f lood  - T h e -  f l o o d  -having a , .  one p e r c e n t ' .  chance of being 
. . . .  equa led  o r  exceeded  i n  any g iven"  ' ' 

. . . . .  , . . . . . . . . . . . . . .  ,. ,, . , ,  ~'..,, ;;. ,.' . .; ,, . . ,, . ' 

0 
. . . .  

Development - Any man-made changri - to  imprdved o r .  unimproved . . 

r e a l  e s t a t e ,  i n c l u d i n g ,  b u t  n o t  l i m i t e d  t o ,  b u i l d i n g  
. , ,  

other is . t ruc ' tukes , . .  .m'iiiing, .dr'edging,: ' f i l l i n g r ~ ~ ' g r a d i ~ g  
paving,  excava t ing ,  d r i l l i n g  o p e r a t i o n s ,  o r  permanent 
s t o r a g e  o f  m a t e r i a l s .  

,. . , 
. . 

. . . . . . . . . . . . . . . . . .  , j , ; , ,  , .:, :.d" ' , . , .  , , . . 2  , 

, ,, , . . , 
Elevated . .bui ldinq '  - ' . ~ , : ~ ~ ~ - b ~ ~ ~ ~ ~ ~ t : : . b ~ i ' l d i h g . : ~ ~ i l t  :to - ha"&. ' '. 

.... . . .  
t h e  l o w e s t '  f l o o r  e l = v a t e d ;  ab'ove,..th$ ground'' l&vel' by ,'se.=$s "ijf 

i. , . . .  , , 

f i l ' l , ,  s o l i d  f o u n d a t i o n  h e t i m e t &  w a l l & ; ' . ~ ~ i l i n g ' s ,  . '=dl"' 
( p o s t s  aiid p i e r s )  ,'; shear '  w a l l s ,  or:.bre&kawajr-"wal9s:' 

, . , .:,. . . . .  ., . . , .  . . , ' . l-:! , 

Flood o r !  f  l ood inq  -' A general ,  and .t&mporiry coridit ' ion '"0 

p a r t i a l .  o r  comple t e . i nunda t ion  . . o f  normal1y"dry. "1and: ' i r  
, . , . . . . . .  , . . , ,  ; , , ,  . ,: ' _ .  , ,. , .  , , , . .  - from: 

, , ,  . . .. , . . . . .  , . ,. ., . _ _ & ,  . '. : . ,  . , 

. . , ,  , . . . . . . ,  . . , I,. :. .., ..,: I.- . : (I-) . t h e  ovekflow . , of  , i n l a n d  . . ~ . .  waters ;  , ~ ':',. , .  ' ' " '  . 
. . . .  ' . ,  , . ,, .,~. , ., .. ' ~J:.!,? ; , , , "  , .  

, . 
( 2  ) ''. t h e s  unusual '*hnd r a p i d  "Hccumulation br"r 

. .  , .  . surface...wat&s - f rom any sourc&l.: . . . . . . . ' . . . .  . . . .  

* , i t . , '  .......;..... .., , ' i ....... i .' . , .'.. - . I  . I 
- .  , 

Flood Hazard Boundary Map (FHBM) - An of f ic ia1 ' :map '  
$0 

community, i s s u e d  by t h e  Fede ra l  Emergency Management , , 

Agency, where t h e  boundar ies  o f  t h e  a r e a s  o f - : s p e c i a l  f l o o d . .  
hazard have been de f ined  a s  Zone A .  . , . . .  . . .  , , , . . . .  , . .. , , . , , . , , , . . . .  . . . . .  - . . . .  , .  . I) 

% ,  , 

. . .: ,. 
~ l o o d  1 n s b r a " c e ' ' ~ a t e  M ~ ~ . . ( F I R M )  - ' ~ n '  b f g i c i i k ~  map"'of a  

! : . c I , , - , . .  
community on whtch t h e  F e d e r a l  ~ m e s g e n c y . : ~ a n a ~ e m e n t  ~ g e n c y  . . '  

has ,.-delineated. . b o t ~ s i i " . t ~ ~  hrea$.t & f  speciar .: f  load . h a z a . i  a n d  :: 

.- . 
t h e  r i s k  .premium zones: 'a$pl,icable t o  ' t he '  community: "' ' '. , % ,  

. . , , . . , . . . . . .  , . ,  
. . 

, ., , . . i ;  .. ' *  ' . . ', :. ~ . .  : " .:: '; ' , 

Flood Insu rance  Study ,- The o f f i c i a l  r e p o r t p r o v i d e d  by t h e  
F e d e r a l  Emergency ~ a n a g e m e n t .  ~ ~ e n d = y .  . , ~ h $ . " r e p o r t . ~ c o h t a i n s  ' . . . . . .  

f l ood  p r o f i l e s , " a s  . w e l l  $ = ' . t h e  Flood ~ o u n d $ r y  "'~1ood"ay Map, 
. . .  _ !' " 

and t h e  water ' su r f ace '  elevati&i o f  ehe b & e  )f l&d. ' ,  : .  , 2. , 

. . . ,  . . , .  ....I..... . . . . . .  . . . . .  ' . ,I: : . .' . . . .  i. . .  j j i _  : . .  ? 
, . , , ,  . 

~loodway:$'-".'The ch'annel' "or .a ' r i v e r  o r ' d t h = r  waterccu'ks; and, . ' 
l .i . i '  , , 

t h e  a d j a c e n t  l and  a r e a s  t h a t  must be r e s e r v e d  i n  o rder '  t o  
d i s c h a r g e  t h e  base  f l ood  wi thout  cumula t ive ly .  i n c r e a s i n g  t h e ,  

, . ;  , . .  water  , s u r f a c e  e I e S 8 t i 0 n ' ~ i i o r e . ~ t h a n  'one'-'foot'. ,.. : , ,. . .! - .  
' ,: . . . . . . . .  2 ,  ~.;,,"'.. , . < . . . . . . .  % , , .  . r r I,'. I 

, , :  .... ! 1, . .  . . . . ,,,. . ", 

Floor  - The t o p  s u r f a c e  o f  an  enc losed  a r e a  i n  a  bu i ld ing  
( ~ n c l u d i n g  basement) ,  i . e . ,  t o p  of  s l a b  i n  c o n c r e t e  s l a b  0 



... c o n s t r u c t i o n  o r  t o p  . o f .  wood f  l ~ o r i n g ~ i n  ,.wood frame. constr.uc- 
t i o n .  , The, term. does . . . . . .  not : .  i nc lude .  t h e  . f l o o r  o f ,  .,a.,garag.e " s  

' 

. . . . . . . .  s o l e l y  ' f o r  p ~ r k i n g v e h i c l e s .  . . . . . . . . . . . . . . . . .  i .....,. .... ..;. 
. . . . . . .  . , . . ,. , , ,  . , . . :  ':.<.. . .: . . .  . . :*; . . . . . . . . .  ., . . . . .  . .., ', , ! ..,.!!'. '&';?L4..:,.".t :,>:.,&??%..A>. 

Func t iona l ly  dependent f , a c i l i t y  : - .A  ~facil,it~~~,wh~,ch..~,c,annot * b e  
used .  f o r  i t s : - in tended  , .purpose unless , ,  it.~,is,~l.ocated,~.~,r,>:~ 
c a r r , i e d  , o u t  i n : c l o s e  -~prox,imity. ,to~,w.at.er,,:. such.  a~, . : .a ,~docking ,;;; 

o r  p o r t  . , .,f a c i . l i t y  neces<ary  , for . , , the  r loading:  ,and ,unloafiing;;of ; 
.. c a r g o  .or passeng!ers,, shipbui lding, ,  ,,ship.,.r.epair,,,,b_or $ & .  seafood,. j , 

proces s ing  f a c i l i t i e s .  , ,,, T,he- te,rrn,,.m,aylinclude .,long:,term .,? :,, ;,,, 
s t o r a a e .  sa les . ,  o r  s e r v i c e  f a c i l i t i e s  i n  connec t ion  wi th  a 

.4 ~. 
marine f a c i 1 i . t ~  o n l y  withl . . the.  , a p p , r o ~ a l ~ o f , ~ t h e ,  ........................... Board, of , .  , .. ,:;: , , .  -. 

. .  .,-. 
Adjustmenf .,:. . :  ; i., ,,),' ;:,. . .  .. , . ,. . , , . , :  ...;: . .. . . , . . I '  , ...... :. . :,: ;.: .- 

, . .  . . .  ~ . .  . . . , 2 : . . . . .  ! . . . . . . . . .  : . . . . . . . . . .  : . ,  2 :  . A ,  . . . .  : i : ... ;. . . .  . . . . . . . .  
Highest-  a d j a c e n t .  g rade  , . -The. ;highest  n a t u r a l  . e , l eva t i ,pn  :of : ,  . 
t h e  ,ground s u r f a c e , , ,  p r i o r  to: :construction, ,  . , ,next  .to ,,ther.,;: . ., 

,proposed,  wal ls ;  o f  a s t r u c t u ~ e .  . . ; . .. . . .  ' 1  . . .  ,.;. , _. . . . r  

. . . .  . , ,  ../ . : .  . .  . .. . . . : . . .  .... . . . .  , ; .'-.:,'. 1.' ..:;. . r  

,Mean Sea Leve l  --. The ave,rage,,heighf ,o f  t h e  : s e a  ,., f o r  a l l  : ,,:, ;, 

s tages- .  .~.. o f .  , the: t i d e . ;  , ,  1t i s .  & ,  used a s  . a ,  reference.,for,.,.estab-: ,:..' 
l i s h i n g  ",arious e l e v a t i o n s , ,  w i t h i n  . the  , f lood, ' iplain. '  -:,For ,the ,,, 
p u r p ~ s e , , ~ o f .  t h i s  ,p,rdinance,,,.fhe,,.te~, i s  ..s~non~m~u.s,.,~.~ith~~~:~~,~~~ . .  , ........ 

... Nat iona l  . . ,  .&odetic:~~ertic~l:~aturn . ( N G D .  *... L .,$ ,... . i .  "i. .:a,=, "'::, :i .:.,, . 
. . .  . .  , . . ; . : . . . .  i.8. : ' : ' < ,  . . . . . .  . .,,. , . , . ,.:, ,#. : .:> ..j . < ~ >  !.';,? 

Manufactured home :- .A. s,tructure,.,~,transpoytak!&e 
more s e c t i o n s , . . y h i c h  . is , b u i l t l o n , a ,  permanent : chas s i s  ,and ,,, . 5z 

designed :t.o be  u&d, w i th  ;o,r. ,without.,-a  permanent , foun+at ion ; ,,. 
when c o n i e c t e d ' t o  t h e  r e q u i r e d  u t i l i t i e s .   he term a l s o  
i n c l u d e s  mobile homes ,  park;.  trailers, ,; t r a v e l ,  t r a i l e r s ,  .and . . 

. 
s i m i l a r  t r a n s p o ' ~ t k b l e  . s t r u = t u r e s ~ ~ i . a = e d  on .='-'kt& f o r  1'80 

... c o n s e c u t i v e ,  days  o r  l onge r .  and,  i n t e n d e d .  to, . ,be :improved 
. . ,. . 

prope r ty .  . . . . . .  , . . . . .  

Nat iona l  Geodet ic  . . V e r t i c a l .  Datum (NGVD) ,- A s  . c o r r e c t ~ e d ,  , in  
1929, NGVD. ." i s -  . . . . . .  a : v e r t i c a l  c o n t r o l  ,used. ' ,as , a : : re fe rence  f o r  
e s t a b l i s h i n g  !vary ing  e l e v a t i o n s  . ' y i t h i n ; t h e ,  f l ood  p l a i n .  

, ,  . ,  . . . . . . . . . . .  

N e w  c o n s t r u c t i o n  - s t r u c t u r e s  f o r  w h i c h t h e  " s t a r t  o f  
construction: '  a commenced on o r  a f t e r ,  , t he  e f f e c t i v e  . i a t e .  ,of 
t h i s  o rd inance .  . jl,, . . . . . .  . . . . . . . .  : .  , .. , . , _ , ,  . , < .  

- ,  , , .  ,.. , . , . . .  . . . . . . . . . .  .. " . 1: ' : I  . , . . . . . . .  

S t a r t  o f  c o n s t r u c t i o n  - The a c t u a l  s t a r t  means t h e  f i r s t  
placement o f  ,permanent. . . . . . . .  c o n s t r u c t i q n .  o,f n a  . s t r u c t u r e  , . ,~ 

( i n c l u d i n g  a [manufac tured .  . . . . . . . .  home) o n .  a s i t e ,  .such a s  t h e  
pouring o f ,  s l a b s  or, f o o t i n g s ,  . . , . i n s t a l l a t i o n  , of  ; p i l e s ,  



c o n s t r u c t i o n  of  columns,: :or ,  any-  work* beyond t h e  , s t a g e ' o f ,  
excavat ion:  o r .  t h e  placement of  ' a  manufactured home o n  a ,  , . :, 
founda t ion .  Permanent c o n s t r u c t i o n ~ ~ d o e s  'n'ot'.i 'nclude. land,:...,'. 

0 
p r e p a r a t i o n ,  such a s  c l e a r i n g ,  g rad ing  and f i l l i n g ;  n o r d o e s  
it. i n c l u d e - ' t h e .  i n s t a l l a t i o n  o'f' .streets.?and~or.:.:walkways~:..?nor.,:: 

, , 

does  it : i n c l u d e  excava t ion  . f o r  a:-basemehfp::f oo: t ings ,  
o r  founda t ions  o r  ; t h e  e r e c t i o n  o f  temporary ~:forms;.~:nor"ddeS"~ 
i t  - inc lude - -  t h e l . i n s t a l , l a t i o n : o n -  t h e  pro@&r'tp o f  acces s6 ry - :  
b u i l d i n g s ,  -such a s  .garages  o'r-sheds:. n o t  ocCupi'ed.las dwel.lirig 
u n i t s  ~ r : ~ n o t : p a r t : : o f  t h e  main:-struc'fure . ,.. .... . ., -..:.,.,,:," ., . ' ,, 

. ~ . , , . , r A .  . , . . ., . . " . . I 
. . . , .  . . .  . ,,>-,r ,..,,, <,:,; 

S u b s t a n t i a l  improvement .-'.Any ; combinSt iono ' f  ' r e p a i r s ,  recon- 
s t r u c t i o n ,  a l t e r a t i o n ,  o r  improvements t o  a  s t r u c t u r e , . , i n :  
which t h e  cumuLative c o s t  e q u a l s  o r  exceeds f i f t y  pe rcen t  o f  
i t s  c u r r e n t  replacement c o s t .  . The "current.::replacemen,t~: cos t<  
of t h e  s t r u c t u r e : ' s h o u l d  be '  (1) t h e  app~aised-~valUe"af'~the :d:: 

s t r u c t u r e  p r i o r  t o  t h e  s t a r t  of  t h e , i n i t i a l L r e p a i r  ~ r ' : ~ i m p r o v e -  3 

ment, o r  ( 2 )  i n  t h e  c a s e  o f  damage, t h e  v a l u e  o f  t h e  
, 

s t r u c t u r e  p r i o r  ' t o  t h e  damage occu r r ing .  . . : :For t h e .  purpose.,..of 
- t h i s  ' d e f i n i t i o n ,  " s u b s t a n t i a l  ,improvementw ::is;'cdii!side'red.~:to': 

occu r  when - t h e L f i r ~ t  . a l t e r a t i o n , o f  a n y .  wal.1; c ~ e : i ~ l i n g ; ~ ~ f I o o r ,  
o r  o t h e r .  s t r u c t u r a 1 ' ; p a r t  o f  - t h e  b u i l d i n g  ,cSmn:entes ,...wheffie,ri 
o r  no t  t h a t  alteration.:af fects, ...the :e~te.~n&l:~:d~m~.fision~"'~$~:.i' 
t h e  s t r u c t u r e .  The term does  n o t ,  howev,er , , include any pro- 

0 
j e c t  fo r improvemen t  0 f . a  s t r u c t u r e  requiredl;:to . ,comp.~~iki th . . i  
e x i s t i n g  h e a l t h , : s a n i t a r y ,  , o r '  s a f e t y  code '  sp ' ec i f2 ta ' f ibns  - ' : '  

which a r e  ' s o l e l y - n e c e s s a r y  t o ,  a s s u r e .  s a f e  l i v i n g  ccndit ' ions: 
, . I ,  ,. .. . , , . , . , ,  . ' ,4 

, , 
45.3 - P r o v i s i o n s  f o r  ~ 1 1 ~ i o o d " ~ a z a r d -  D i s t T i c t s  ' . , 

. .  , ,  ~ , . .  , 
~ , ,. . . .,.,, , , ,  , . . 

The p r o v i s i o n s  o f  . t h i s  . s e c t i o n  ' s h a l l '  appl'y: t o  a - l l f l o o d  
. .  ,. 

hazard d i s t r i c t s .  . . . .  ... 

' 45.3 .1  - .  , A l l  new c o n s t r u c t i o n  .ana ' : .substantia: l  .improve- 
':' m e n t s  s h a l l  ' b e .  c o n s t r u c t e d  -.andLor anchored ' t o  
,. . . .  . , -  p r e v e n t '  f l o t a t i o n ,  - - c o l l a p s e  - 0 2 ~ l ' a t e r a - 1  -move-" 

ment of  t h e  s t r u c t u r e .  
, , . ,  . . . , . , . .  . , . . . . , ,  . , ,., . .  . . ,+'.., / ., . . ., . ,, . .. .," . , . 

45.3.2 ' . . ' A l l  .new ' c o n s t r u c t i o n - a n d  s u b s t a n t i a l '  improve-, 
ments s h a l l  be c o n s t r u c t e d  w i t h . m a t e r i a l s  'and 
u t i l i t y  equipment r e s i s t a n t  t o  f  
. . ,  . ,  . , 

45.3.3 ~ 1 1  new c o n s t r u c t i b n - a n d .  s u b s t a n  
. ,. m e n t s  s h a l l  ,:be .constructed':-by ,me thods  and " 

: p r a c t i c e s  - t h a t  minimize.. f l o o d  damage. ., 0 



. ' :. 45.3'. 4 . - -  - A 1 X  and -replacement- wafer  s u p p l y ,  systems 
. . . .. ' s h a l l . ,  be- 'constructed : , to  .m'ini~ize-.br:l'e~:i'm~~~te . . .  . . . . . . . . . .  ., ,.7 .. 4. .. 

. . . . . . . . . .  .... r .  : inf irtration. ~ : f .  f load wate,.s.-:into:,' t~=:.. s$&gr;l. 
. . . . k2rr,: :.,<: :'.b:fr~,,;:~.:.!:;:,~.$j; 

. . .  .,.. .,., .... .:..:.. .. .....i.,.. 4 5 .  3 .'5 ..:-1->.;.Ner a'nd:repla~~&m&nt:.:san~taryxsewer-;sysfems-"~ . , 

s h a l l b e  c o n s t r u c t e d  t o  minimize o r  e l i m i n a t e  
, . .  . . .  ... i n f  i l t r a t ' i o n ;  of!.:.f lbod.~wate~i-~~to~..the..:s~+~hs 

tems i n t o  f lood  
. . . .  . . . . . .,, . . . . . .  . , , ...&..>. ..- i L  ~ , .  

, - ,. , , $  .-, . . n . . .  I..... ............. ,, , 

,:,::. . '45 .-3. 6 . .::. @n-,site- w'aste ' & i ' s p o s a ~ : , - s y s ~ ~ m s  s h a l l  be .- 
1 ,. ~ , , !  . ... .. .:' ; .. :-'. . . .  : locate@" to:.;avoid . impa imeh t~ r to  them o r  

contaminat ion sf ram-them ':during f looding .  

4 5 . 3 . 7  . : ~ n $  a l t e r a t i o n , : m a j o r  . s ' t r u c t u r a l  r e p a i r ,  
r e c o n s t r u c t i o n ,  o r  improvement t o  a  ' s t r u c t u r e  

. ,, . ,, 2 , Y' ' , j . ,  , .:;, :.; 'on ' wh2ch:: the ' .  s t a r t - o f  co l i s t ruc t ion  . wasbegun  I 

a f t e r  the , . e f ' fBc t ive  da te -of ! th i s  o rd inance ,  
- s h a l l :  meet t he - : r equ i r emen t s :  o f  "new cons t ruc-  

. , : , t. . >  . , . . -  : t i o n "  . a s  c o n t a i n e d :  i n  -.thiS'. .ordinance. 
, . . . . . . . . . . . . . .  . . . . . .  . ..:.... c 2: .  .;!>, .;, > ,. > "  t '  ,.,:, : '  . ; ,  ., , . ,  a ,  

.45' .  3.8. t .  :. ' ~ l e c t r i c a l ,  ' h ea t ing ,  : v e n t i l a t i o n ,  plumbing, 
% L, . .  , . ,  .- " .  : :  a i r  c o n d i t i o n i n g  equipment,:~and o t h e r  s e r v i c e  

. : f a c i l i t i e s ' : s h $ l l  be- .des igned:and/or  l o c a t e d  
;: s o - a s  t o  p reven t  wate r  from; e n t e r i n g  o r  

:.,i . . . . . . . . . . . .  accumulatiny~:wi.thfn~~the~~components d u r i n g  . 
. :  , ..... ,. '.. ' - .  C , :.~ i ' d g f  Edbding. - , , .  . 

. . . , . . .  . 
: . , ,  . -  ,%'.. 

, >  !.. , . .  , ,  , .  

4 5 . 4 :  -. I n t e r p r e t a t i o n . : o f :  ~ l o o d w a ~  Dis t r ic t .  and Floodwax 
... . , , ,  . . . . .  ..) :.,* ... 1 ,  

, , , .  ~~ .i. .:f.';; ..: . ' 
; . . : . .  , :.:,LA .., ,.', ' .... .:. 

 he;. ~ l o o d w a y :  ~ i s t r i c t  -:and: Floodway . . F r i n g e , ~ D i s t r i c t  a r e  t h o s e  
, . l and  : areds: , :  a s ~ s p e c i f  i e d o n  ,:the. maps, i d e n t i f i e d  i n  Sec t ion  
.45.1-hihereof. ;-.<Any. : . i n t e r p r e t a t i o n '  necessary .  s h a l l  be  ma6e by 
t h e  .Engineer  . o f  : ~ u b l i c ' . ~ o r k s  Department' o f  ;.the C i t y  o f  

. , H u n t ~ v i l l e , ~  Alabama. . . . .  . .,., 

. ' I  ... .... 45 .5  - Appl i ca t ion  o f  : t he  Ploodway Di s t r i c t : . , . :  :.'...~,i. .:  ... 

,To; . .enable t h e : d i s t r i c t  t o  o p e r a t e  ,in':h,armony with.:the'.Zoning 
~ r d i i i a n c e  ib,f."ehe C i t y  .:of- ~ " n t ~ v i : l . l e , '  ~~abz ima ' ,  t h e  ~ l o o d w a ~  
D i s t r i C t ' : i ; s  icr 'eated .ad a  s p e c i a l '  d i s t r 2 c t  ' : t o  be superimposed 
brl 0 t h e r : e k i s t i n g .  zoning d i s t r i c t s  con ta ined  i n  t h e  Zoning 
0rdin;lnce:of . ' t h e  C i t y .  o f '  Hun t sv i l l e , :  Alabama. Except where 
i n ' c o n f l i c t w i t h  t h e  s p e c i f i c  r e q u i r e m e n t s - o f  t h e  Floodway 



D i s t r i c t . ,  , - ,  ., .,. pe rmi t t ed  uses,,  a c c e s s o r ~ y  ., , uses,,  * s i g n s ,  ,minimum l o t  
,..,r.equirem&nts,. . . . . . . . . . . . . . . . . . . .  minimum ya rd ,~ requ i r emen t s ,  maximum h e i g h t ,  and 

requirements . ,  f o r .  o f  f - i t r e e t  p a r k i n g ,  and,:,loading s h a l l  be 
0 

. . .  . . . . . . . . . . . . . . . .  
determined by t h e  requi rements  o f  t h e  b a s i c  d i s t r i c t  
r e g u l a t i o n s  . . . . . . . . . . .  ...~1# contained&: u . ~  . . .  elsewhere,, ,  . . . . .  i n  i t h i s  ordinance.  , . 

., , ~. 
. , . ,. : . , . ,  : : ;: ::. , ' , ,: ;, , , . . : . . . . . .  , & ,  , ~ , i .  ..: .... rh.',.. 

.. ,45..6..- Uses S p e c i f i c a l l y  P r o h i b i t e d . i n , F l o o d w a y  D i s t r i c t  
. ; ! ,  , . * . . , .  ", . . , .,. ' . . . . . . . . . . . . . . .  , .  , . : . . . . . . .  . .  , ,  . , . 

.> 

45.6.1 S t r u c t u r e s  o f  any t y p e .  t h a t  ... would o b s t r u c t  o r  
impede t h e  flow o f  f l ood  water o r  cause  any 

. . . : . . . .  i n c r e a s e  i n  ,,the base. f l ood  l e v e l  a r e  -hereby .... !.;i.,. .,: 

. . ,, . . ,  .,:,..A ,, : s p e c i f i c a l l y  . .prohibi ted, ,  a,ucept a s  he re in -  
. . . . .  . . . .  _. . , a f t e r  . :provided. ! ,  . . . . . . .  . . . . . .  . . .  

45.6.2. F i l l  o f  any type  i n  t h e  floodway. 
. . . .  , . . . . . . . . _ . . . .  . . . . .  . . .  i: c " ~ '  . . . . . .  . . . : ,  , . , , , , <  

. . , ;  . . . .  45,. 6.3: .. .Manufactured,.homes, (mobi le  homes) except  on 
c ,  .... .., .., . .- , 

. , . I .  . . . , . .  . . .  , , .  # , - e x i s t i n g :  improved. l o t s .  in.: e x i s t i n g  manufac- 
.." . ,. :,:. ,-,. - , t u r e d .  home,: (mobi le  -home) pa rks  o r  subdiv i -  

. . . . . . . . .  . , . , , ~ i o n s , ~ l i c e n s e d  a s  o f  t h e .  e f f e c t i v e  d a t e  o f  
t h i s  o rd inance ,  and t h e n  on ly  i f  such mobile 

. . +mes,,are   anchored to4 . : r e s i s t  .! f l o t a t i o n , ,  ...... ' ,. ., 
,collapse,:;:or l a t e r a l m o v e m e n t  by u s e  of 
oveq-the-top andirframe ..ties: t o  ground anchors  0 . . . . . . . . .  
and, i f  t h e , , e l e y a t i o n  : s tandards  a s  provided 

; .  .- - , . f o r . , i n .  Sec t ion  45 ,7 .2  ,>aye :met. Any r ep l ace -  . . . .  
,' 

ment manufacturee'  horqemay,,be placed on a  l o t  
i n  an e s i s t i n g  manufactured home park o r .  

,. , 

. ,.. 
subd iv i s ion  provided - t h e e l e v a t i o n  s t a n d a r d s ,  

. . . . . . . .  ,, . < .  . . . . . . . . . . . .  
a s  s e t  f o r t h '  1n" 'section ,4'5.7.2..are m e t a n d .  .. "* 

provided t h e  replecement  i s  anchored'' t o  
. . : , , . ; . , resist ,  f l o t a t i o n , - c o l l a p s e , : ;  o r , l a t e r a l  move- 
, . , ~ 4 .  . . . .  

. . 
. . > , .  . ,~.. ment- by, u s e  . o f  ,,.over-the-top,~.and.,'frame:ties,..to 

. .: ,I;.. ~ . . ~ground;:anchors. . These : s t anda rds  sha1l: :be . i n  
.,. . . .  . . a d d i t i o n r t o  a n d  c o n s i s t e n t  w i th  a p p l i c a b l e ,  

s t a t e  requi rements  f o r  r e s i s t i n g  .wind f o r c e s .  

45.7 - Appl i ca t ion  o f  t h e  Floodway F r inge  District 

, , .  4 5  7.1.. To .enable:the , , d i s t r i c t  t o  o p e r a t e  : i n  harmcny 
~. . . . .  ,, . . , . ,  , . with : : , the ,  Zoning.Ordinance o f  ; t h e  : , , . ~ i t ~ ; : o . f  . . :  : . :  

........, ,... . . , r : . . .  ...: Hunts,vi , l le ,  Alabama, t h e  Floodway,:Fr-inge .,; 

. .I; . . ,  . Disf r ic t ; :  i s  c r e a t e d  a s . a s p e c i a l  ! d i s t r i c t  t a  
,- , , . besuper imposed  , on ; .o ther .  existing:. ,zo.ninq,;. :- , ; .  .,., : , - ,91 . ; \ . ,  , . <  ~ , 

, , .,, .;..'+ ',, ' , - d i s t r i c t s  con ta ined  i n  the: Zoning ,Ordinance 0 



of '- the :city.:of ~untsviIle.; :.~laba&: ' Except 
where ln conflict .with''specific , , requirements 
of ,the .~loodway ' ~ringe,'~istrict, permitted 

-::, :uses, accessory uses, '~~si'gns;,""minimum lot 
, . ,,.. ,<.. ., 

. r , .  requi.rements,, ~iii5hum"ard requirements, 
, , . , . . , 

maximumiheight :;-and >requirements for 
., of f-street parking7and z'loadi'ng shall be 

: :. . : . -  .-determined by- .the ~requf remen'ts of the basic 
distri'ct~'~,regulations:cont&'&d , . elsewhere in 
this ordinance. 

, . , . .. . . . .. , . , : , .  
" : . ' .  , . , ' . ( I  , ' . . .. , . - ,  , , . 

:-i...Residentf a1.~Cons~ruction - New construction 
or substantia'l improvement of any residential 

. . . , . - ., .. , ~~r~.structure~"shall hav'e,the' lowest floor, includ- . . , 

ing basement, elevated to at least one foot 
. . j i i ,  . . . - g: . :above the 100-year flood elevation. When 

. , ,  ( .  .... %: . ,  . , .- .* solid :foundation 'perimeter walls are used to 
I ..:$,.:.. . . . elevate' :a -structur'e, openings sufficient to 

,. ..*.:,:. . . ,.-facilitate the:,unimpeded movement :of flood 
:, water. shall beprovided 'in accordance with 
the standards of section 45.7.4 and must be 

, . 
, . . . .-.certified .:as2:su&h.,. 66 .t& Building Inspector 

,,.'I.:. I : ,,-:.. by -:a registered.professiona1 engineer or 
registered professional architect. 

. . :45.7 ..3. . .  :'Nan-Residential Constriiction - New construc- . . 
. . 

. . ,  :. . tion. or substantial' improvement of any 
, .  .,. , , , . 
, commercial, industrial or other non-resi- 

. 'dential structure shall either have the 
, .. . 

, . , , -:.. . : lowest.. floor.,-,,inclu&ing basement, elevated to 
at least one foot above the 100-year flood 

, .. . ..? ,.' - - .  
, ,, , ., . . .-. . elevation or, togethe'r:with,.attendact utility 

,. . " - ,  :,,,. - a n d  sanitary facilities;' be f lood-proofed so 
that below thetl00-yeartflood level the. 
structure is watertight with walls substan- 

. ,., 
, .  . ~., " ,  '.tially impermeable to'the passage of water 

_,,. _ ,  . .  . , , . and wsth structural-con~ponents having the 
. .~ . .  , 

. . . , capability of resisting..hydrostatic and 
" ,  , : I .  . . .. . . - . . , : , , . , r .  hydrodynamic .,doads and 'effects of buoyancy. 

, . ' : : A  ~~.registered:~professiotial engineer or 
I ! .,?,.., 

, - ,.. .:.. .-registered archlitect *shall certify to the 
. . 
. ,  , ;.. Building Inspector thatthe standards of this 

subsection are satisfied. 

c 



45.7.4, 
. . , . , .  . 

Elevated Bu i ld ings  : - ,New-construct ion o f  o r  
. . s u b s t a n t i a l  improvements . t o . , , e l eva t ed '  bu i ld -  . . .  . . , , , . .  ,. 

. .  . i n g s  t h a t  i n c i u d e , . . ~ f u l l y ,  enc losed  a r e a s  formed 
, ,  ,... , . .  

0 
y f o u n d a t i o n  'and , o the r  e x t e r i o r  w a l l s  below 

~,.  ... . 
. .  . . _ ,  .,.. b a s e , ,  . f  lood.  e l e v a t i o n  s h a l l  be designed t o ,  

, .-.... .- . ! p r e ~ l u d e  : . f i n i shed  , l i v i n g  . space  and t o  a l low 
.,.,., . . ,  

. . id. . ., . . . , , - . , , , f o r . . t h e  , , .  . - ent ry ,  ,and.  e x i t  :!of. .floodwaters t o  
. . , . ..> . ,. . . i . , .  i ' ,, .., :.:) . . ~  a u t ~ m a t i c a l l ~  .,. e q u a l i z e  h y d r o s t a t i c  f lood 

, . . . . , %. forces . ,  pn e x t e r i ~ r ~ w a l l s ~ :  ..,. . . _ . . , . . . I . ,  . ~ ,  .., , 

, . 
. . '. , . , . , . . i . , :, :I 

(1) Designs f o r  complying w i t h  t h i s  
. , . , . . r '  . . . , .  . .  ,, . requirement  must , , e i . ther ' .  be  c e r t i f i e d  by 
. . . . a i e g i ' k t e r e d  idnijiieer. 'dr a r c h i t e c t  o r  ' . . ..t.:, " , i  : , .., . . , . .a , .  

- .  , ,:. 
' . b  _ .  . , . . ~, ., , ~. : - meet t h e  fo l lowing  minimum c r i t e r i a :  

, , ,. . .. - .  . , . . , .  . , , .  , . .  . : 
, . . . .  . ,  :. , . . (i ; ,., . . ' (a) .. Provide,  a  minimum . o f  two openings 

. . , , . , , , .  , 
- ,  

. . . x &~.. , .. >,;, having a, - t o t a l  . n e t  a r e a  o f  n o t  l e s s  
, . .  , . . .  , , . . . ..:: : , , . than . .one  s q u a r e  i n c h  f o r  every  

, :  ' * . ,. 
. . . .: . ;  ?..;:, , - , . ,  , s q u a r e  f o o t . , o f ~ . . e n c l o s e d  'area 
, .  
. . .  . . ,  s u b j e c t  ' t o  , .flooding; 

, .. 
,. . , .  .,. 6 , '  , ,  -'*  . . I ,  ; < ~  , 

._ ,. ., 
. . 5 .  

, , - . ,. .$'.. . , (b)  . . .The,.bottom :of, a181.such openings 
,,::, shall,",:be:. no! ,higher.'$ t h a n  one f o o t  

. , . .  
. . ,.:",. ., L 3 . w  , , , above .grade;;  a n d ,  , .  .. 

. .. h openings .  may b e  equipped wi th  
. .: , . , , 8  .,.. :. 

, . eens ,  : l o u v e r s ,  , v a l v e s  o r  o t h e r  

, . . , :cover ings  o r .  dev ices  provided they  
I ,  . <  , , :permi t  the ,  au tomat ic  f low o f  

, . . , 
, . . f l o o d w a t e r s . i n . b o t h  d i r e c t i o n s .  

. . . , . . .. , . . .  
, . - , . - ' . ,  . . - ., ( 2 ) .  . E l e c t r i c a l ,  plumbing,, and o t h e r  u t i l i t y  
. , ., ~. , : 

,.. . , , . ,,. . , , . ,.. ,.+. . connec t ions  a re ,  p r o h i b i t e d  below t h e  
. base  . , .  f  lood e l e v a t i o n ; .  r , ,  , , . ,.. , 'i . . 1'. . . , . ., 

. . . , .  . , . , , . .  ! . . ,  ; , . ,, , , . 
. . ... . . ,, . ,. . (3 )  i.Acce.ss t o .  t h e  enc losed  a r e a  s h a l l  be t h e  

, ,  . . .  , . . .,.minimum neces sa ry  t o  a l l ow f o r  park ing  
. .: ,!:. , . , ;  ..of v e h i c l e s  (garage  d o o r )  o r  l i m i t e d  . ... * .  

, .  , , . . . . ; , ! .  . . .  , , s t o r a g e .  o.f :maintenance..:equipment used i n  
. .  . . c o n n e c t i o n ,  w i th  t he . .  premises  ( s t anda rd  

- ,  . 
, , , .  , e x t e r i o r ,  door )  ' o r - ~  e n t r y  t o  t h e  l i v i n g  

. . . . : . . ; : i , :  ; ,  , , .  i:v .:;."area ( s t a i r w a y s  o r  e l e v a t o r )  ; and 
. , . ,  . -, 



,. . . . , , . .  
~ ~ . , ( 4 )  The ' i n t e r i o r  p o r t i b n -  &f such . enc losed  
.. . . . , .  . . ,  , .,, 

a r e a s h a l l  n o t ' b e ' p a r t i t i o n e d  o r  . .  

~: f  i n i s h e d " i n t o ' . s e p a r a t e  .,rooms. 
, . . , .  , , .  ; . ,  , .  . , , ,  . ' . .  

. . , . . . .*: . . . , - ,  
< . . ,  ., . .  . 
. ,<!,. .:. : " -  or' ne~~~n&niifactured'~home , y :. pa rks  ..,,.- and subdivi-  

' s . ion&j  f ;~. ' :e~pa&ions . to . -ex igf fng  manu'. 
, , " fac tured ,hdme piirkis.and ,... &bdiGis ions;  f o r  

. , : ( ;  : , ,:: . . ' ;exis t ing.  manufactur&d.home+parks and subdivi-  
. _ . ,  . . , ~  , . . . . .. . ,.. % ,  , 
. . ,  

. .,, , , .: ,- s ions :  where" t h e  r e p a i r  , " recons ' t ' ruct ion o r  
,. , . 

,c ,, improvement ...of :.the'--s,+re&= ":JgIlities and 
. . ,; f; :-q 

: . ,  -pads  e q u i l s  'or 'ex'c 'eedk'.fifty p e r c e n t  o f  va lue  
.., #., . .,,, . . a , . : , ,  . ; :  . ,._ ).a 

'8 '.. i : ..- of".the s t r e e t s , ' u t i T ' l t i e ' s  aria-pads be fo re  t h e  
,.;. .'<, ,. . .. .- . , .  . , , , 

. . ! '.repair;.':reconstkuctlon',; ar'im$rovement 
,, . . 1 

, . . , . . , . . *  . .. ,_, . _ . .comnienced; 'and fo rmanufac tu re td  homes no t  
. .. , .. . ,  . * . ,  

, . .. - 1 .  .: " placed" in  :'a .ian"factu'red . 'park .or  s u b d i v i s i o n ,  
li ,,. , % .,.< . b u t  .whidh : a r e  permittea ' b y - t h &  'Board o f  , , I 

i " .  , . i r .  : ;I 
,. . - ;, '-Zoninq Adjustment. a's .a: variance, t h e  

, .  . , 
:.,:>a:,, 8. .. 5 ,  :, . , ,.I CI',~ ,-; 3, . fo l lowing  are.;required.: , 

, . , ,,<i .: .". i ' ' . . , : : , ' . 71. . . , , , . . , . , 

.,: . ::,. - .  (1)' s t a n d s  o r  ' , l o t s  el 'evated :-o'n compacted 

f i l l  s o  t h a t  ' t h e : ' l o w & t f l o o r  o f  t h e  
manufactured home w i l l  be  one foot , ,above 

. : . .  ' ,  . ' .I . , th& fload.':lev=l;...:&nd ' . ' .~  8 , .  . ' , . a '  

, ,  , . , !  ., i .  . ! . i .  , .. . . ,  . . , .  ', ,, . , > , .. . . . 

(2'): ':Each s t a n d  -o r  l o t '  shal'l"H&ve proper  
-. . ., . .- . .. . dra ina~e :  &+d::shali>: b e  accessible 

, / <: , '  

t o  the"manu'f8ctured ' hb f i -  and prime mover 
o r  hau le r .  

. . , . . .  * , . . .  :+ . '  . . 
, _ , .  . , . :1. . . ;: .~ , . ~ 

.: ,,45:27 - .6 ,  ~. '.: ~: A r e g i s t e r e d " 1 a n d  'iurveyok.;. ~ h H i i -  s u b n i t  d a t a  
. , , : . . , . , :. '.:to ' t h e  ~ i i i l d i n g ;  ~ r & p d t o r .  cerk.i 'fying t h a t  t h e  

i . - : ' i n  $'Flo5dway Fringe ~ i ~ ~ r i = t " i ~ ' i ~  compli- 
'.ante. w i f h ,  t h f s  ordi'nance:-: ~ h i " ' c e r t i f i c a t i o n  

-' . . t ,"  : !*'.,,,' . .  ., ':;' sha'f.1 be submit ted p r i o r  ' to - '  the': f l o o r  being 
. ,.. . ,, ,.. *. , 6 ."&@j.laced ' - .; . . . .. . .  , , ,  , . . .  . . ,  .. 

, . . ~  
.a *,.. , , ,. :' , . : ..., .. + .. . . . . . .  $1: ' . , . 

. . , .. 45.8 - Permit  Required ' . ,  . . ,.. 

~ 

.K-5:.;8..'2:.'.:.:.; rt.: s h a l l  b e .  unlawful.  :for- any" p e ~ s & f i ' . , ~ . : . ~ ~ ~ ~ ~ o ~ , ' i  :. 

c o r p o r a t i o n  t o  c a r r y  o u t  any mining, f i l l i n g ,  
.,. i , , ;. .? ;. .. ;. gra,ding,; . exc&vation3 br:  drylfing:t,; ,:. r.....' 

, , ,  . . 
. . c , , : o p e r ~ t i o n s : ~  in:. areas de&igndted*~~~s~~Flo~~way~~'.;.. ; :$ 

.,,? ~ = ~ i k i , + ,  or ,; plOodway p r i n g . = . ~ i s t r i c t :  



.,; . . , . , activit4: from the office of the Engineer of 
. . 

'~ublic works ;of the. City. of Huntsville. The . . . . . . . . . .  
Engineer of Public. works, -shall maintain an 

c , ,  

official :file copy of the'"F1ood Boundary and 

" .  . , . , .  
, . , Floodwa~Mapl' in his office,. and shall review 

. . . .  . . . .  . ,  ,,;. . 
, .appiicat-;ions for -permits . . . . . . . . .  forany mining, 

. , : . t . ,  , I .  . , . 
. ..... . ,. . , , . . ,  ..filliig, I grading, paying, . , excavation, or 

.. , . , .........;. , .  drilling, . .  ~perations.,~ , ~ny'person . . . . . .  failing to 
. $ ,  j ,.!,: ;,..: :.!,,!'. comply 'kith the provi,sions.of, . . . . .  this section of 

: this drdinanceclshall be g,uiit$,$of a misde- :.,17,s <, ",~?.i. : i, . ., " . . ~  . ,. ., 

- ,  .., , l _ c  : , :,, .'..!: meanor'and. . , upon 'conviction shall be fined .,, . ,. 
.. ,according .to ARTICLE IV. '' where any violation . . . .  . , ; I  . "., > . ,, . +, , :., 

, . is discovered, .the ,.~nginee; of ..Public Works [ I : .  ii:, . . , , . 

. / . I . .  , shalldirect the person,, firm., ,:or corporation 
: ,  
' . , responsible .to restore, .the'.,land to its prior 

, . ,.  5 . ,  , . . , . .  
. . , , >  , , state before sai.d v,iolation.. , : .A  separate . . 

. , offense shall  be^ 'deemed :committed on each day 
on which a violation, occurs lor :;continues. 

~ , ,  "., 
The ~ngineer of Pub1ic'~orks shall take what- 

/ ever steps necessary,to,enforce this section 
. . .  3 . 

. , '.of, this..ordinance .- ::, . . . . ., , ,. 
. . 

.. , , . ., . . . 
... ., .. .' : , i  

, . .  
, , , ,  . .. ..: .;*,.;. . , L .  ," , , . ', 

4 5 . 8 . 2  . ..No .building, permit will, be issued where anv * 

part of the property' lies within any flood 
,~ . . .  . . hazardarea until plansfos such improvements 

, . . , . ,  :,, . have been. reviewed, and.,., approved . . .  by the 
. . .  :. , ,.Engineer of ~ublic Works. 
,, .,, , .,, ..' .*'I 

,L . , ..,. , , . 

4 5 . 8 . 3  In unnumbered "A" zones of the WFlood Hazard 
. ,.. Boundary, Maps." of Septemb.eq..1.7,, 1976,. where . . . . . . . . . . .  

., 
, . 

, , FIA' has .,,not yet provided base -flood elevation , . , .. . . 
data., the Engineer of ~ub.lic'. W,orks will 

. . . .  

. . obtain,:reviey,,and reasonabli "tilize any 

. . ,.r ., .r 
. , ..other flood data available: from' a federal, 

? .  . . , state, ; or, other. source for all new construe- . . .  . . 
tion and/or substantial improvements in such . . . . . . . .  
areas in order to set minimum first floor 
elevations, including basements.. . . .  . . . . . . . . . . . . . . . . .  ..-,. . .  , . 

4 5 . 9  - Standards for Areas of Shallow Flooding ( A 0  Zones) 
,., *. : r i : -i . . , , / . I, , , . - . . ,  . t : .  . . . .  i;:.. . . . . '.,: :*::: 

Located.,within ,.,:. ,the areas,.of special, flood, h8zard districts . . . . .  , * ,. 
established, . . . . . . . . . . . . . .  in,., Sectioni 45.1 are. areas: deiignated as shallow 
f loodlng,areas ,.. ~-.. .-: These ' areas. haye - specialL.f lobd hazards 
associated with, base., flood. depths of one to three feet where . . . . . . . .  



a clearly defined channel does not exist and where the path 
of flooding is unpredictable and indeterminate; therefore, 
the following provisions apply: 

. . 
, . .I - . :. + : 

.:.and.. substantial improve- 
.,;. . ments. ,of ., residential:: structures shall have ~, .. 

-. . .  .. ., . .. , , .:;,.,the., .. lowest ,floor , I  including basement, ele- 
... ' . .... , : . . -  : r~ ..vated .to the..depth.,. number specified on the 

, .~i:Flood ,Insurance. Rate.:Map, in feet, above the 
: .,highest:-adjacent; grade;,o;,If no depth number 

t ,,::, . ,~ ,- ,. . . , is~specified..:-the.:Lowe~t~~floor, i'ncluding 
. . . , .  . , . , . .:,. . ' , .  basement ,.-sha~l...be elevated at least two (2) 

, .. . . . ,.. .feet.:above .the highest !'adjacent grade. 
. ,, . .. .. .. 

. , , ' , '  , . .. . ., . ,  . .  . . . ~, , ., , _ .  ' . , ,. ,. 

. 45.9.2 All new construcfion and substantial improve- 
.- . .  , '  ! non-residential".structures shall: 

.. . 
, LI:.. : , , . , & : ; :  . 

,.- he I 1owest::f loor, including 
. .  . . . . :. . , . . . basement, elevated t o  the depth number 

, . , ,  .. , , ,  .. , ,  
. . . , , . . .. ,. ..specified -.oni.the :Flood Insurance Rate 

. . ,: , . . 8. . . . .. . 
. .. . , : , .  I Map,, -ini:fee't,.:.'aboye: the highest 

, . 
, . . , . , ~adjacent..;grade..jiiiLf~~.~no . . depth number is . , 

' ,.,, : ,  ;, , ,  . .', , ,  . , . specified ,::.the :lowest floor, including 
basement., shall:.be-,elevated at least two 
(2) feet above the highest adjacent 

,. . . , 
s , , 

, . . , , . . . , ~  . '  .. . 
. .  . . . ,  , ' ,(b) , together, wi,th,,,attendant utility and 

, , 
j , , . .  , ~. . ,  . . .sanitary,.faclli,ties.. be completely ,~ ~ ~ . . 

flood-proofed to or above that level so 
. . .  : .., . . . .. . . , . ,  . .  .. . that; any space,., below that level: is.. 

. , .  . . ., .ii. . , . . , watertight :with wal,ls substantially 
' ,. , ,,. . . , .  , .  . . ;  . . impermeable ,.to .the ..passage of water and 

. . . . , , . .  . . .  , , . ,  , , , - , ,, . . - , ,  with structural ... components having the 
, capability of resisting.: , ,hydrostatic and . . 

hydrodynamic loads and effects of 
, .: 

. , , . ,. . , , :  . bu,oyancy. . , .  , . , . .  

45-10 - Standards forrstreams Beyond the FIA Study Limits 
Without FIA Es,tablished.Base Flood Elevations and/or 
Floodways, - , I. . , , .  - - _ . b . , s ~  . ;.; ,, . ,'.,, ... . , 'I 

, , , , , , . . 
45.10.1 The following provisions shall apply to 

streams located,beyond the FIA Study Limits 
established in Section 45.1, when screams 



., , . .:.;.exist .but where base flood data. andliloodway. 
.. . . . . : , , .::data. are not -available. ' ' : ' . '  

, . . . .  
, . .. . .  . , ,  . , r " .  . 

3 ,  

(1) A registered professional engineer shall 
.~ . . .  .:, submit 'sufficient engineering. data: to 

he .Engineer of.,~Public:-Works showing 
ase 'flobd: discharges, <,base flood 
levations i .  and floodway data along the 

, .  . ,,.,. ,,. , . .,,. , , : . . ..r stream :channel.. The L~~ngineer of Public 
, ,,.- .., . ~ ., .- ,,,,,..,*,,.J. ' Works..shall -request'as much information 

~ ,.:, , 7  : .  . . , . .. .. as.deemednecessary-to determine and set 
! ,  , . .  , . . ,  , base flood elevations,~floodway widths 

.. and regulatory 'minimum:.:f inish floor 
elevations along the. stream channel. 

:. . ,  , . , ~ . .  
' , ,  ,. . ' .;, " . . , . . ,  . . , .  

;. ,:. : (2),.-Minimum ,Finished Floori'Requirements - 
New construction or substantial 

. . .  ... e ".. ,improvements of struct&es shall be 
~.' 

. .  ~ . . I ,  . , 
.,,, , . . , j ! . i '  : :  2 '.elevated or flood-proofed to meet the 

,, . . .  . , .. .' , '., : requirements of Section 45.7 based on 
, .  I .  , : : , : '  the,:&stablished -regulatory flood eleva- .' . 

. . :l.,....,;.i., . . ..: . ,  -.-; tions- set!by : the;.,Engineer of Public 

.~ , , . .  . , , ,  . , , I . . .-.+ l . .  . '  ;works as 'determined. in paragraph 
,! ,, ' ,  '~. , ,.. ., , A ;..; ..'.:; 45 .lo. 1 (1 ).: above .::..: 

.. . . . 
, . , , . . , ..,: .. .. , . , .! , . . , , ,: : . ' , .  . ,  

(3) Floodwap District -: Section 45.6 shall 
apply to the established Floodway set by 

, . .~ ,.. . 8 ,:the: Engineer 'of 'Public Works determined : 
. . , ' ' ,, ' I -  , i,. as described; in' paragraph 45'. 10.1 (1) . 
i ! . .  , , '  . . , . , , . .  

..1. ,: , >. . , , ., , ' , , : '  ,, , . . . , . . - ' ; ,.; I 

45.:10.2 ' - When sufficient enginee'ring data is currentIp 
., , , . , . . .  .,.available to..'the'sEngineer of Public Works to 
., . . 

. . . . b  :. .,., establish ,regulatory. flood elevations and 
, ., : floodway data :alongz.,the stream channel, the 

:,.. . , .. . , following provisions'. shall apply: 
, ; . , . , : ,  .. , ' , ,  . . .  ~ , ,  . . 

(1) The Engineer' of Public Works shall 

. , . .  
prov.ide the required minimum finished 

,. . . . 
. .. . , . .  

. ,  . , .  , . floor elevations and~~r;~th.e.:~loeatio 
. . .  . .!,,, . , .:. width of, :the. F l ~ d w a ~ . ~ D ~ i s ~ r s c t : , ~ f r o ~  .*, ~ . . , ; .~,  . . 

information and data from his rec 
and files. 

. ., . , , , .  . . , , . ~  , , . 
. ,  , 

, ~ ., .:i, 
,'.:. . ... * ,:  

. , ., . . . . . . . . .  
?". ,., 4 ... > , . , . , , . ,  . , . . ~  

' . . . , . : I 

1 I "  . . . , .  ~ , .  , ,. 



(2) Minimum ~Finished.Floor:Requirements - 
New construction or substantial improve- 

., , ; ments 'of',structures' shall be elevated or 
flood-proofed to meet the requirements 

- , ..of *Section::45,27 bdsed on the established 
, ~ :, , ,  ..:>,, . . ,  . . . : .=regulatory+flood elevations set by the 

,, . , .  . 1:. -+~n~ihe&. df .Public Works 4s determined 
in,-paragraph::45.16.2;( . , 1) . 

. , , , . ,:::(.3): ... Floodway d.Dist.rict2.- Section 45. 6 shall 
i:~?applyi:to,'the~.established Floodway set by 

the Engineer of Public' Works determined 
. , ,, , :  .-.: ::;:as. described :in paragraph 45.10.2 (1) . 

, : : . . l . , . , . , ;  . ' .  

4.5 ...11- - Standa'rds ;-.for Subdivision .Proposals 
,,. ', , i , ~  ?:?: .5 : .,,, 'i:* .,, , ,, . / 8 ,." 7 .* , . .,. . . 

. !,i:4S3. 11 i 1. :. 'All rsdbdiyision proposals shall be consistent 
; 3:. .i ti .; f .  ,.:.L, ... wtth. !the need' ,.to::.xilinimize. . , flood damage; 

?.,i':.i . .  . 

45.11.2 All subdivision proposals shall have public 
I , , _ t  , .  , . !utiilities.,and facilities such as sewer,. gas, 

, , , .,.--electrical, and water systems located and 

.: .. i .~:. . .  - : -. canstructed to,;minimize flood damage; 
. . . , ':; , .  ..,',. i :  s:: .. : . .:. . ' '  ' . . . , ?, 

45,. 11.3, ~~l.L.~subdivision~:proposals shall have adequate 
, . <  , . , , . .; :, .&rainage. provided >:to reduce exposure to flood 

, . : . t,.::. hazards;:: and.:? ,:-;.. . ? , 

. . , . , ( .  . ' . , . , ,  . . . . 
, . ,  .~ 

. 4 ,  Base. flood..elevatioh data shall be provided 
. . ~ : i  , . for" subdivision. :proposals and other prupased. 

, , 
, . , . .  ... . , . , :,,L de~elopments.to ;include manufactured. home 

. ,. -..parks. and:, subdivisions. 

45 .,I2 -. Variances . .  ., . . , , . . . .  
, & .  

, , 
. . 

. . . , ., 
? r,...::, " C ' .  .. . , .  , . , . .  ., , 

45:..12.. 1 .: : qhe. .Engineer of Public Works shall review 
: . , :. .. . -, .<. petitions for.,varbnces and report his 

. .l. . findings to.the Board of Zoning Adjustment. 
.- T" ' , . ."I  . :. .. .' , . .. . . . , ., ' . 

ari-ances: :shall. not :be granted within any 
esigna'ted Floodwag:.District if any increase 
n.. .flood. .levels du'ring the base flood 
i:scharge wou1d~::result or if hazardous 'stream 

: . , I  .:,,,::.. . ,. , . , : .flow. velocities-would result, except under 
. . .  , . , , .- . '  ,. 1 the  following, conditions. 

. . 



ions. for : Variances . ., . . . . . .  - 
. . .  , , .  , . .  . , .. , .  . 

ariances shal1,only be issued: 
::,. b~ < ,. , . . ' .  , . '  ., ,<. , 

a) {Upona determination that the 
. , .  . . ,?.,, , *. ,.>,,,, ...... >, . .,! ?.,,;. ,, -. ,., variance. ,is :,the minimum necessary, 

: ,,,, $. : ; . : L . i , , ! : , r : ,  2i.. n ,;.;!.:;: .- : ..,considering .the flood hazard, to 
:,:,*..(li-.,afford,.r.eliefi 

. ,, , . . . . . . . . . . . . .  ' . . v  I:': ,,&,.. ( 
. _ .  . , 

. .I ,! ., +.. :-,i: .!:..n,:'! i , , ~ ~ ; . . ;  ; 

. ,  . . . ,.el.L , . . .  , t.... . ?. , ..'*. , . ;; : . ~ J Y .  .,: : ,, .... 
. , " I  , -  

: . , , :  ,> ' : , j , .  b A::,,;<;,;;.;,, ion that failure 
to grant the variance would result 

. . . . . . . . . . . . .  :.. , . in ,,unnecessary;,hardship . . . . . . . . . . . . . . . . . . . . . . .  . . ,  unique . . . . . . .  land 
different from that shared or 

. . 
. . , . .  . > . .  I .  . . ~. . . suffered ,,by-.adjacent and :similar , . ., 

, .  . . , . .  , .  . , .. . : . : ,. 'property :also .in ithe designated 
~ , . b .  

. , 
f loodway. 

. . . . . . .  - '  . . . . . .  , , 
. . , >  . . .  . , .  . . . .  , . .. ~, . a s  . . i . .  - 1 .  : ' .  , 

. , '  , ., + : . .:. (d) , .upon, a :determination that the 
, . . . ,  . granting: of. a Yariance will not 

.,:.result:.in:,inczea.sed: flood 'heights, . . .  

hazardous streamf low velocities, 
. .~ . . . . . . . . . . . . . . .  . , . . , . ,  ..,:;;-additional .thteats.&o public.. 

. . . .  . ,. ...... , . .  . . .  , , .. .> . , ;.. safety,,. extraordinary public 
expense ,# .nor create, nutsances, 
cause fraud on or victimizaticn of 

. . 
2~ ,. ~a ,. ; ,  ; jthe.,,public,. or,;. conflict with: 

. . . . .  . .  ~ 

,,..: ,' .,, .. ...... . . . , . , -  . . e~isting~local-:laws. or ordinances 
. . . .  . , . .  . ! . . >  ;..... with respect.tol..the. use to which 

.... .- t h e  property' :is .to,..-be put. 

... (el For .any buildiag or-:'structure:in: . . . . . . . . .  . . ::. 
existence prior to the effective 

, . .  ,,,: F , .  date of these. Floodway Diktrict 
. . . . . . .  , .  . , , .  , ....... .: ..Regulations:, that is :hereafter . , 

. . . . . . . .  " , ,  . . . . . . . . . . . . . . . :  . . . .. . : . :destroyed~:or,substantially damaged 
to 50 percent or more of its 

, ,  , , ~. . .  .:,, . . . .  eplacement-.c~st at', the. time- of 
,,+. ;',:: !$".!'.',. 

, . . . ,~ , . destruction: by :any.;;,means, if the 
, . . ,  , ,  . . ,,:, .d :i:' , , ,  . . ,  , reconstru.c.tion does not exceed the 

. , .  . . .'3..!s~, . :..., . e ,  %-. , , vo1ume:and external: .dimensions of 
.. " . , 

. . !, , . * .  the- origina,l structure and does not 
, . 'offer ;any :,greater obstruction to 



. ,  ., . . . . . .  

Q 
.. , : : : , ,the;f low' of floodwaters than 8id 

. ,  ,. . . .  . . &  . . . . . . .  the, original structure. 
. . . . . . .  . . ~ ~,,., 

(f) For the ,,reconstruction, rehabilita- 
., . , . . ,  : . ~ . ,  . . . . . .  . . . . . . .  : tion,or trestoration of structures 

... isted:.on :the National Register 05 
istoric..Places or the' State 
nventory of Historic Places with- 
ut' regard.to,.:,the::procedures set 

. , , .forth in. this:..section provided the 
. ,  . ; . .  , . . .  . .  . .  :.#, :: . . . '  proposed:.reconstruction, rehabili- 

tation, or restoration will not 
- . .:. : . : . result .,in the: structure losing its , . > i: , 

. . . . . . . . .  . -historical: designation. 
. . . . . .  . , .,, 

(g) For new construction on an isolated 
. . ,  , '  , , . .  -.: .. ..,L-i. . . .  ~. . . , - lot of one-half acre or less in 

. . . .  ; , . :  . . size contiguous to and surrounded 

: . . . . . . . . .  :.:. -,, . ,by~,~lots.:with.existing structures 
constructed below the base flood 

. .  .. I . :  .,. . .: level,'-in tresictential subdivisions 
. . . .  . . . . . . . . . .  i .&:  ( L  ..-I: recorded prior to the effective 

.,..... date of .thks .,ordinance. . . .  

45.1,,2.3, :... Stan'da:rds .for -Evaluating Variance 
... L ,$,- :...l .... .I;Applications.by . theBoard. .of Adjustment. 

. , ' C  , . . . . . . .  > : .  . , .  . . .  , , 
, ,. ,. " 

' 2 .  :.., . .,,, ~. ... In,passing. upon -such, applications, the Board 
of Adjustment shall cons.ider all technical 
evaluations, all relevant factors, all 

... . . .  . standards specified: in rother sections of this 
, . .  

~. , ordinance, and : . . . :  * .  . 

: , ~ iA . :s ; . " ,  . ;',I#. ,..y; ,J,:.!:. <. ., . ' . . . . . .  .. . . . . . . . .  
, , . :(,.l. . ; the .:danger that materials may be swept 

.?,. !. ., i,a..,::-.onto other lands ,,to the in jury of 
. , . .. . . . .  .:>:others;. . . 

.. , .~:r , : ;  " , ,  . . 

( 2 )  the'danger to life and property due to 
:.,,,.. .;.., , . . .  , . , ,f.looding or erosion damage; :. .. .: , . -  

( " . ,  , , ., 5 , ' .  ' , ,! ,:. 

( 3 )  -: the-*,sus'~eptibiillity. 05: the proposed 
: , : . . ,:,!facility. and its .contents to flood 

, . damage and the 'effect: of. such damage on 
the individual owner;, ~ : . .  



. . . 4 t h e  impor tance  of  t h e  - s e r v i c e s  provided 

by t h e  proposed f a c i l i t y  t o  t h e  . . . . . . . . . . . . . .  

community; 
. . . . .  , , . ,  ~, . , , ~  . . . .  . . -  . . e.. , , .  

, , . . , 1 . c (5). . t h e n e c e s s i t y o f  t h e  f a c i l i t y  t o  a  
. . i . :  ... ' : .  r . . :  :.. ..... : w a t e r f r o n t r ~ l o c a t i o n  i n  t h e  c a s e  of a  

. . . . . . .  ,, . .  : f u n c t i o n a l l y d e p e n d e n t  f a c i l i t y ;  
, . . .  . . . . . . . . .  . . : : ,.;':", .., .~! . :,, . , ,,, *,' , , , '. , , , , ;  

: , j  ! ,  

: . . ~ ) : . - 5 . ;  . . .  :,.(,6).: : t h e  a u a i ' l a b i l i t y  o f  a l t e r n a t i v e  ..... 
. !,?:$:,. . , . ,  . : l o c a t i o n s  n o t  - s u b j e c t  t o  f l ood ing  o r  

, . , ' d r '  > . . . .  . . . . . . .  , ; .  . I :  erosion.damage f o r  t h e  proposed,  use;  
., ,. ., . . . . . . .  

( 1 .  & . .  : ,  . . . , . . .  , , > ~  . .  
. , , .  . * * ;, :.. . . . .  (7 )  t h e .  c o m p a t i b i l i t y  of  t h e  proposed use  

. . w i t h '  e x i s t i n g  -and a n t i c i p a t e d  
development; 

. , , .  , , ,  . . . ' .  , 
. . .  ' .  . . 

. , ,  
> .  . . . . .  (8.1 t h e  r e l a t i o n s h i p  o f  t h e  proposed use  t o  

. . . . .  . , , . . t he  comprehensive p lan  and f lood  p l a i n  
. . . .  . . .  .:4 ................... . : .  ,.* 

.management: program f o r  t h a t  a r e a ;  
. . .  . . . . . .  . ,. . . . . . .  :~ . . . ,., .>, . . 

j . , ..:.... . * _  ,. :.. (9) . , : .khe: .safe ty  of . : .access  t o  t h e  p rope r ty  i n  
:.:.;. . : . . . . . . . . . . . . .  : c .  t:imes of+*..flood. f o r  o r d i n a r y  and 

.:.: ,,:;..-:,:.emergency. v e h i c l e s ;  

. . 1 0  t h e  :expected.'..heigh,ts-,~.velocity, 
. . . . .  . . . . . . . . . .  I ...........:.. d u r a t i o n . ,  ' .rate::of':rise. ,and. sediment 

t r a n s p o r t  o f  t h e  f l ood  wa te r s  and t h e  
. . .  ', ' "  . . . . . . . . . . .  . ' e f f e c t s  :of wave a c t i o n ,  . , i f  a p p l i c a b l e ,  

. ,  , . ,  . . . . . .  . . i  . . . . . . .  L - . . -  expected a t  . t h e  : s i t e  ;. and 
. ., . ..r ", -.. . . . . . . . . . .  .. 2 . :  r . .  '. ' 1  

. . . . . .  . . . . . . .  . . . . . . .  (11). ' t h e  . c o s t s o f ~ . p r o v i d i ' n g .  governmental 
s e r v i c e s  dur ing .  ' a n d r a f t e r  f lood  . 
c o n d i t i o n s  i n c l u d i n g  maintenance and 

, . . , , . . , A;. . . , repair.;af p ~ b l i c ~ ~ u t i l i t i e s  and 
: + . : - :  fac i i l ' i t i e s  .such :as:'sewer, g a s ,  

e l e c t r i c a l ,  and.  wate r  systems,  and 
s t r e e t s  and b r i d g e s . .  

. . . . . .  . . . . .  . . . . .  , I..'.. A ,. ,,, , ,  . ,  . ' , > 

45.12. 4 ., .. Upon+. cons . iderat ion! ,  o.f ..the f a c t o r s  l i s t e d  
above and t h e  purposes  o f  t h i s  o rd inance ,  t h e  
Board o f  ~oni 'hq;Ad:justment 'may a t t a c h  such 
 condition.^... to . , . the~ .  g r a n t i n g  o f  : va r i ances  a s  it ..... 

. 1 . : t t  .: .:, .-:deems: necessary:; to f u r t h e r  t h e  purposes of 
, , t h i s .  ordinance.  : - '  0 



45.13.5 Interpret.. the .., exact ... location .... of. boundaries.: or 
the areas of special flood hazard (for 

. , .  , . . . , .#. ,  example,-.where there~~~p'ears~to be'-a.,conflict 
. , . .  . .  . . - between- :a .mapljed bouriaary "and actual field 

, . . I  . _ .  
' . . % I  I :conditidns) .;...'..The>:,p&rs'on. ic'diitesting the 

...,. . . . . , . " ,: ~~cation30f.:th~.':bdun~~ry2$~~ll be given a 
, , .  : -  . 

- reasonable opportunity to,~aprjeal the . . 

. . 
. , .:* , . .,,.. ~ ,, . . interpretation"as 'prov$deaLin this article; 

. .  )". . .  ... . . , , : . .  : . ,: , ,.:. . . ,, , ,  , ,.,.. . . ,  , , .. .. ,;,, .., .,':i-!:L.L'c 

, , .-.,.::as. . . 13. 6 . .  - Obtain,:ieviewi;hsd =e&dhably utilize any 
.,. . 
, ,. . . . " . . . . .  ' . : .b~s~.'flood::e~evat~o~':~&~d':f~&~dway ,, . data 

: .  . ::':;,ava!ilabIe frdm? a:.federg'l;?t&e& or other 
'.< source :in"order - to :administer the provisions 

,, . ..' of."thik ordinance'when'. ba&e..!,.llood elevation 
' , : , '  . ,. . : . -  dataL'or floodway data{ are:.'not available on 

, ,* , ... . ,... the official;. maps; . ~ ,  . . ,  .,... 
. , . . ,,' ' , . .. , .  . . ,. ., , . , . ,  , , .  . , . 

45.13.iL ,,kll,permits 'specified in.~Seceion 45.8 shall 
be maintained in the office of the Engineer 

.. . . , >of. Public Works-.and shal'l be:open~~for"'public 
, .  , 

, , . . : . , .inspection... . .  , .. . 
, . . , , , ' ,  . , ,  ... , ,  , . c  , , " , . ,, .. . , . .  . . . . , . '  . .  

45.14 - Duties.and Responsibilities of~.the Building C Inspector ,. . 
, , 

. . 45.14':l , --When- f lood-proofing is: utilized: fcr;a part%&- 
r ,  ., 

ular structure, the Building lnspector'sh'~~l' 
obtain certification from a registered profes- 

, sional engineer or, .:. . "zi '. ;.: .,;: '2 :' 

"45.14.2. :Building. permits pertaining  to the. provisions 
of this ordinance shall:'l;$ maintained in the 
office of the Building Inspector and shall be 

, , ' ,  , . ' open for public inspection..! . ?2!.:.". . . 

45.14.3 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. 

45.14.4 Require a registered land surveyor to verify 
the actual elevation (in relation to mean sea 
level) to which the new or substantially 

@ improved structures have been flood-proofed. 



45.15 - Warning and Disclaimer of- Liability . . . .  
. . 
i " " , ,  . . . ,. . .,.  , , ,  :. , .  . 

, . . , . . . .  ..45.15.1 . . The degree, of flood protection required by 
. . . . . . . . . . . . . .  . this ordinance ,is considered reasonable for t .  '.>.:, 

, , : .  ...... :>,; ....... regulatori .purposes and, is,based on scien- 
tific 'and,en.gineeringe.~c,onsiderations. Larger 

1. ,La ,  ' : ,.' >.: ., 
. floods can and: will, occur. on, rare occasions. * i .  .., ..<... 
. .. . .,. 1: .I . ~lood .. , .. , s :  heights , may,be. increased by man-made or , . 

natural causes. This ordinance does not 
. ..;. . =.:..! .... !. .L .;;. imply.: !that land,,,outside ,,the;:areas of special 

...... ....... floodhazard 'or. uses,, permitted within 'such . - . > , I ,  ;.;..,'; 

.. . . . . . . . . . . .  . . . . . . . .  .: areas "w=l.l. be: f re= . , . from flooding or .flood 
, , , ,I . , . . damages.., ,This ordinance.. shall not create 

-.liability<. on the, part o f  ~untsville, Alabama, . . . . . . . .  .I... 

.'$: . ,  : d c .  . or by. any-, officer or. employee thereof, for 
any flood damages that, result from reliance 
on this ordinance or any administrative 

. ,,. - :., G , , ,,, . . . decision lawfully made: :thereunder., . . ,. : 

. ~ - .  . , ! ,  . !  :... . .  ' , , ,  , ' .  
., . 

, . 
. . -ri  

~u '.. .. J ;.. : .i 45.1.5.2 :The City,. Planning, Departmeht;will submit' an 
'Annual Report to the-Administrator of the 
Federal Insurance ~dministration regardinq . - 
the Federal Flood: Insurance ..,Programl , ' , C .  , , .  .,, . . .,,=. ," " &.~.- . , . . ..,, . . , ,  . , . . .  . . ,  
(79-239)'. . . . .  , ,> ::,. .. . . . . . . .  . .  ,.. . . 

~dopted, . .  ,.. by!,the, City. Council.. and approved, by ,.the. Mayor on 
June,. 30; ,,..: 19 8.7 . . .  , ., , , .  . ., , .  . . 

;,.: * , . .  " :  , , .  ' . . , .  . ,  , , ,  . .  , ,,  

The original document i s  signed b y  the: following: 

. . . . .  : John- Glenn, - President of the, City,. Council; Huntsville, . . . .  ., . . 
. ,  . , i : ,. . Alabama . , .  , ,. , ,. ., . ,  

. , -  ,., . ... . , ,, , . . . . .  ~. 5 : .  : , . . :  .,. . 
Joe W. Davis -.Mayor,, City., of Huntsville, Alabama 



APPENDIX B 
Stormwater Management Ordinance 
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; -,,,*.. .ow, :,-, .. . .  ;:* .*,< ",.f ' i . . 
- A , ,  k t , . , ; , '  . , .,. ., , . ) ',: r. ", cr e: ;::; S'. ,, . . , X1 r, . . : $..) ,: -, j .-) :: c. 
<.".'%-.?rf, ,,,.. .?j 8 1, >,"! ? .!.~ *,i2 ,j j a .,",>,; 3 : k.;?.!" ,,,, ?::,';) s,::,>; &? 4 ".:: ,!,.f:y2 '\ruL 1 ; &; , ,,,,,,,$ ,.,,, 

, 

, , 



ORDINANCE NO. 
. . ., . , .,..,,' ~- , 

, , ,z,j. ,. r:,: . ,. ., . . ;  , , ... : ,.lrr< 

. . 
, , ,.,, > . : , . .  , , ,  > ,  , , , .  . ' . C  ,: , "  ' .,'!.',, . . . "  . . .  : . . ... , .. , . " ;.., " , . .  .,; ;:, ~:-;.,.'> ,,..: $7;: 

I , , . .  i -. .. . . BE .. 
,,< ;. ,, .: ,, .... ville, .A 

Section 1.  hiso ordinance shall be known as the lnStormwater 
Management Ordinanceg1 for ::the city  of ":Huntsyilre, ' ~labam*a*a::~ 

' .;., .. , ),.,': ,:." ' . .  , ~ , .  , . * ~ . < , , , '  " ,  

:":.%; ',:.$.,. ,; . 8 
. ., . , 

I . _ I . . . . .!"I;,:(:, :.,, .,. , , 

: . 1t1tis. the, rdinance td '::~ontrol'~;storniwater. 
:..-b...-:.,:,drainage, : f acilTties-', and ':la&! disturbance '&ctivitiks,:.i.w:ithin the 

.," " > . , . 
.-.A corporate limits: .of .::the:~itf of ~unts~il~=;:. Al;ab&ma, :!so as to 

promote the public health, safety and general we1fare~'through 
provisions designed to: 

,. .. . . !,c.';g !<,:';. ,2.: .:"..'<-."' ,. . .. , 

1. an life and health. - . 
: , !,;,.i: i.:. ." ,',., :. A * .  , . ' !: .: ..,. .,'. ': a , . .  :,. ,. .A 

., .;.:.,;.z.. . :.R iture -of Ejublic:.money .for' flood control 
. , . . -. ,,;, , , , ,  :;-. , , .: ,projects.. . . , . ,,,:,' . 3 . ..:::#,+J.,,;; : ,,!.>, 2 ,,,,., :;. ,:.:, b;, . 

, . . "  * . :  / . . , , , ; a : . L  ,' , , s  . ,  . . . .  
' i .  ,. . ' 

, , 
:,, . ., .., , . ,  , r;. . :, t;:., 

3 .  Reduce the need for rescue* and. reiief. efforts associ- 
ated with flooding. 

, , i ,  ,,,",,,.. 0;- ',..,".*i'."*? , : .  .i,niq :.,+.* .,%+W .,I? 

4. Provide for the sound use and development of flood- 
, . , .  . . - . . : prone areas,, soj'as to-. maximize ,ben&f ieial :use. without 

, .,,increasing flood: haz&-d : p'otent%a'l;i I.. . : -;:.'&:"'/,! 

5 .  Reduce damage to public facilities and .utilities such 
as water and sewer lines; electric, telephone, and gas 

. . , ,  . . .).. . . . , . . , . .  f ac2lities; and 'Streets: and bridg&.i.!.locatea'. in f load 
, . ,  plains. ,..,:?.,.:.,.,, , ..',,. . , , $ ,  , . , .  ,. ,,>?,! +*-s-: " ,>.>  . . 

, . 

6 .  ~nsure a functional stormwater drainage spstern:".that 
will not result in excessive maintenance costs. 

. . . , . , $ . . ,  . ". ., . . , . , : , .t. ' , .  ' .,.. . , . , , .  * -. .. , : .  ,r ;.,..,.,: . ;  ,,2,.<::: 
... , .. , ' .  ., . . .  " ),. .,. 

7 .  Encourage the improvement .of -existing lflooding problems ~. 

in conjunction with new development. 
, . / i, " "-1 .: . . ,, 

8. Encourage the use of ' natural and aesthetically pleasing 
. . .  , , , ?  .,:d&sign..;:. . . , r , .,.. -( -A-. , . . t .: , . , .  . .. . , ,  . ,, .,, 

. ,  . . . :  

0 .. .. . .. 
'L 9. Reduce the impact on public and private property caused 



HUNTSVILLE-SMM 

by the accumulation of mud, dirt, water, debris and 0 
other construction materials. 

Section 3. pef initions 

Unless specifically defined below, words or phrases used in 
- ' I :  . this ordinance.;.and in:the :regulations .:and: ,technical .!guidelines 

pr~mul~ated~pursuant thereto shall:.ha$e theirc..common dictionary 
definitions or meanings they have in common usage. 

, . !. > .  _ * :  
",li;:..a,tu::i <,.'#?:.:I: . . ; , , ,  . ". ... !> ,,,:. #, . . . . . . .  . . .  " . . .  : . . . . . . . .  ' . . .  , 

I ... . .  Addition (to: . an,.existing . building) :;: ,.-,,. ...:i:: 

Any walled and roofed expansion t o  the "perimeter of a build- 
ing in whichthe addition is connected by a common load- 

, , . , ,.. , .  , .,bearing.i.wall otherthan afire wall ..' .AnH:.walled and roofed 
' . ,  .., , : , . - . .  addition,:,which. is,. connected ; by a :.,fire, wa 31 .,-or, >is ,,separated 

., . . by, Independent, perimeter load-bear 
tion., . . . . . .  :,, : . : . ;, - .  ,. ,.,j.. . .  , ;  

. . 

Area of Shallow Flooding 
. . . .  ... . . . , .  . i 4 , ;  , ;, , , , :  , : ' 

A designated AO zone on the ~ l o o d  Insurance Rate Map (FIRM) 
. , . . . . ,  , . .with base3 lood..depths".from. one t o  three3 eet' where a clear- 

ly defined channel does not exist,.where-the path of flood- 0 
ing is unpredictable and indeterminate and where velocity 
flow! may, be evident ... r :  . . . .  . , .  , .. ,. .- . . . . . .  I. , 

. ~ , .  . . , ., .,,,. ' . 
. . 7 ., , - 

, . ,. . 

Area of Special Flood Iiazard 
. . . . . . .  . . .  . . , . ,  .. , . ,  , . : . ., , , , , > , " b ,  .' :.. , . , 

. . . . . .  . . . .  :..: The land in the...f lood. plain .subject.:to.a ;.one percent or 
greater chance-;of :.flooding in..any .:given...xear. 

., . ,  . . . .  . ! .  , ,.,Base ,'Flood .: , .. . . . . . . . .  , . . . . .  ,, . .  A . :. 5:. : , 
, , . , '. , ., , ! '.) . , . 1 . ,  - . . . . . . . . . . .  ,,,!i ' '. I , . . -  . ,, . : ,: ? , - 

"; ..... , ,. . :  ., ,, .! .;. ~he'i. flood haying a one.,,per.cektz chance.:of -$being equaled or 
exceeded in' any given year. . . + .  ,, 

. , 
.... ,,Basement c . . .  ~. ., 

2 ' % . . . . . . . . . .  ': . .  , . . . . . . . .  
That portion of a building having its floor subgrade (below 

. , .... : ; . ... .  ground level) .. on -all.: sides .J . . . . . . . . . . . .  . ,  
, ., , *; I : : :  ..:: '.<,.~, ,, '7 . . . .  : . . .  ?.. . . . .  ., . , , .. . . ~. 

Building 
, , . . . .  > . . . . . . .  : . .  . . . , _ ,  , . ,,., . , . I  . : :  . ~ t..~"; ,,, ,,;$,!,5~ .:L., ,. , , ,  

Any structure having a roof supported:by. columns or by 
walls. 

. ., . . . . . . . . . . .  . . .  
, . . . . . . . . .  , , . j . .  . . . .  - , .  .,. . . ; .  . ' .. J . L  . . 0 



fi Channel \L,' _ . . . . . . . . . .  ... -,. . ., , < ,  I .: . , . :\..A .~~~tu&l:-i;~ ici;al &tercourse!3.0f - per&ptible extent, 
with definite bed and banks to confine, and conduct continu- 

, . 
ously or periodically flowing water. Channel flow, is that ,c. ,,,"~> ....<.s:;. $8 
wate< which is flowing within the limits of the def lned 
channel. 

cut 
~,:; ,:,. ;. '.% 

. , , .  ",,. 1 . . .  Portion of land surface orarea from which earw,has been .... ,3 > ;. '" 7 ~, ........... r e m o i r ~ ~ ~ b ~ , , ~ ~ ~ ~ ~ l ' ~ d e e ~ ~ e ~ O v e d d . d b j i  . e2=aG&ion; the...&e'i;th below 
. .  , : ... ,,; : " ,  . . . . . .  r. ..; . * .  , . i .  . . . . . . .  , ,>: ,s:. , , . . ' ~ ,  !?, . . . .  ," . ., , . . . origi.na1 .ground ' surface " to  tde . > . ~  excavated , , ~"s&f ace. . . . . . .  . . .  . . . . .  ....... .......... , : : , , 5 . ? , . A  >. 9.:. ;;~>..:~;,:.. >,,.;,- ' :  ,.,* .I . c , h . .  

, , *a,  I. . , , 

Detention . .  , ,. _: , '.. ,,:i~.il . : , . .  _ a  

temporary . . . . . . .  delay,.,of :._ storm runoffprior to ......... discharge into . , ' , : :. ".: . " & 
.,.  , ,, ' . . , ' : , , , ". ., . . >. 1 

iving Waters.. . . 
... .. i -  .".... : .:.:..>, $" :".!&:; ,?b<2:.: -5 ,< ;. .*,,;, ,..:, >,, *~ . . *,.;,,::: /.. , . 

Any individual, firm, corporation,,association,.,,partnership Cq.i. . . .  v,, . . .  ..... A. ............. 
, a , , , z  .(, 

.or trust involved in commencing proceedings 'To- eff'ect devel- 

Q y,: .~.ri: ,: .  opmen :< . ,,>$:::..;. . ...; t . . : . .  ................ .';..!.. ..:....... < - ; > , ?  
for himself or others. 

- .. 

: s*.r. r..  . . . . . .  . . . A * . . .  .. . .  " i 1 1 1  i 

Any man-made change to fmprov$d or unlmiroved'.re'&l estate; 
including, but not limited to, buildings or other ~. . 

,,, 7: ,,:: 
structures, mining,, dredging, filling, grading,. paving, 
excavating, drilling operations or ........... .- . . . . . . . . . . .  ,;.?*ail;.:... ............ ., . .. 1 1:. ,i.":. .<' .. : z.. . , . , 

, . 
, , , . . ,, 8 :  . ' . ;  . , , , , :  .:I .,! .. ,.fl7: , . .  

A part of the surface of the earth that is occupied byt and' .. ",, ................. 
provides surface water runoff int0.a drainage systeni,.iwhich 

, .!, Z~&>~'.?",' :. consists of a ... surface streamlor a body of impounded surface . . . .  ..id,,! . .??< . .  . , "  ..,". .r,l I "';',. i .%l 
'., Giiter, ., togetiier "~ith 'all"tributary -'&face streams and 

bodies of impounded surface water. 
'.;.?,,:>, .:: 

Engineer, of public Works, . ,, 
? . !  , '  , , .. . .  -....I-. * > - '  ...... . :.. . ' . .:#,!: '. 

, ,  , . , . ? , " ;  ,.,: .., , . . . .. , *> : . 
I".., ...,.. - .... T& ,Eiigine"=pg2"p'udiic Works .for -the ;*.. Huritsville, ... <.:,ii" , , $ I :  t , ; 1 ;  ., 7 , , . . . . . I .  i . . > .  * .  , " ,  J , 1  . i " 

,P;i~'b~ma his authorized -&presentatlve :. ':"; ..! .,,(C . ' ,  : sJ..i9i :; 5 : y ,  : 2 "  ! .  ;:!.? ,r;:.. . I , .  ;:i ..,ilf. I . . .  . . :  . . ,. 

, ,: . . , .. i l ~ - ,  

Erosion 
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.. , . , The disintegration -or wearing of: soil. ,by. the,.action of 
LJ 

., . ;.<:.., ,, . . ' . " . . , . . , , ~, ' .  . . b , &. : . , j, 

. water. ~ . .  . ,  , .  . 
,/ " _ , I  _ .. . , $ ,  . .,', . ,. . ,  - .  . . , .  . , * . .  2 :: . -.. ,:,: 

See cut. 

Fill I 

, ,  . , * . , .  . . 
. * ~ , , ~ I I .  I .;r, ..~:,' ..: ' . ' dl: .:. , . ,.::,., .. . , , . , . ' - ~Ortion'of . . ' land :surf ace.. .? or. . , .*.., are< .. to'which sqil,..;,rock or other 

materials. havebeen ,.,or ~ill~~be,ahded;"he~~ht,, . ,:; . . . . .. , above , original 
grbrind surf ace" aFSer'th6 mktiirial has been or will be added. 

, . .. . . < <.. 
, 4 . ' .  , .  

Flood 'or Flooding 
-.. . " , , . .  . . . . .  ,,, r .  

, . . " " , 
* '  , ., ' .  

A' temporary condit'ion of pa=tial dr. complet& ikndation . .  . of 
normally dry land areas from the overf low' of inland waters . ,, . 

,.,,, or the unusual and rapid accumulation or 'runoff ,,of surface 
, . , . . > 1. 

waters fromany source. 
.I * , , ., . . ' . ,'.:*,, I . r  

' ; . ~16od~1nsuraitca 8t 
; :,;':.: ,, . . , . ,, .; .. , ' ,. , . , "  , , :  % 

The official " @ 
Management Agency. The' reportjcontains flood,profiles, . . .. % as 
well as the Flood Boundary ~1oodway'Map and the water 
surface elevation of the,base flood. 

,L;*,":.. ' . . . .  . , . . ' . , . . , : , I .  &...:. ,.. ? . : : . . ,:,.. i: .,: ;. ' a , ,  " >I - ' ,- . 
., . . . . ~, ., . , . .. .- , , . 

f; ..> , ., ! . ;;: , ':: :, . . .. . , .  , . ~ . .  . .. , .. . 
Floodway .. , . . .  . , .  .., , 

, . , :  , ,  . , , , , .  : . :  . ,, , ,  * ~ . -  :. , . "  . ,, if : , . .  . . .  
. ?  ' ' 

. . ,, / ,; . , . :  . . ,  L : .. , . . .,' 
' ~ ' " ~he'chiiniitil "of a  river^ or other rjat&rco&rirseaiid"'ihe . . :. adjacent 

land area that must 'be reserved in order'td di&hargi the 
base flood without.cumulatively increasing.the~water.,,surface 

. ,  . , ?  " ( <  . . . .  , . * 
elevation more than one foot. 

.. .. . ,. . , 
: . ,  , . . ; .  '< 

, , . . , , , "  , , , . , .  . . ,.,. . 
. , . , , , , . 

, , .. , , , ? . ' , . .  : . . "  . .  , I . ,  * 
' . Fioodway Fringe ., . , . . 

' ,  , ' . . ..,:.., . . . " .  . , . ,. ~ . , ,  . . . I  1. . ,. ., ", ' . '.,.. . 
, .  , ,  , . 

..,? , ,' . , " * "' ; ; , - . . . : i ' . . , , ,. / .  . : . : . * ,   hat :portion, of. .the f loqd .,plaii :lying .&=id= the f loodway. 
. ,/... , ,  . .. . . . , -. ->,, .:. , , , ,, v: .., . , '  .. <, , ~ " ;  ,<c:.>L, ,, * ",C$", ? > , ,  

, . . . . ., 
" _ _  ' .' . , . .< :;,,:;$., ' . , , ,  ~L , ;.>:.:::,;+2 . , J , ; ! , .  , ,, , ,, . , . , ,  

Floor 
. . . . .. 

.;*.:*,?i... .,.*.',;$, ,, Dll.,(( ' ' . .  
The top surface of an enclosed' area in a bui?ding (including 

ment) , ,  i. e.,, top of .slab , .in, . . . \ .  concrete . , ,slab . , .:, construction 
op of wood: flooring in .wood ::'f rame .constructi'on. ,/.lL1l ,. , ,- The term does';lot "'ificfuae::thB fioo;i.'bf &l"$ar.gge used solely for 

, 

parking vehicles. . . .  
, .:.. ,.., 0 



c Highest Adjacent Grade 
.., ?. ,*. , , ~ ., ," 

  he highest natural elevation of the ground surface, prior 
. . : ;to. .:cons , I-, .,. 

xt , ;to . ,,thelgroposed:, walls ;,of ::si!struc.ture. 
,!~(> ]:;,t;,,J>!;!:..;.t: :,!>,?:: .,;,;F,~,;:;::?.,:;:>:: :,; ~ i,,:,::., ,!:,>::;>,$;:c, ..'?~'; <;.:.: , ~ c ;  ,,8;<,r 

" ~rading . ,, . , , , . , . . . i , .  , , . , ..; , :,,," . ... ...',4+r . ,,; . , ( ;  ..‘P ,. f::.::~>~.t::::::; ,, . ~i 

Any operation or occurrence by which. the existing,.?site. ele- 
vations are changed; or where :any ground cover, ,natural or 

. ;:, .,man-made .,,lis &emoued ;,,:or any+watercourse. ,,or. j2body,:t:of water, 
, . .  . ' . .  

either natural. ,or ;rnan:made,:i~.~;elocated.~,on , . ,. :anx ;site, thereby 
creating an unprotected area. This includes stripping, 
cutting, filling, . stockpiling, or,~,,an~l.,combination,:th,ereof, 
and shall apply to the land in its cut or filled condition. 

. . '!':I-.. ::;.. " ,:.; , . "  < .,, , : ~  : , '  ' . . ,, ,. .+., 
, ,. , , , . .  .. : . . t  , 7 ; ,  ' , . , :.. , . 

, , ,,; ,~m~er,vious.,,~urf . . ace ,:,; :; ,, . . . .  , . ,  . .  . , ,. . 

. . . ' , :  , , , , , .  , , . :;:> ... :ii': . . .. . . .  . ..; .::, ,J. . . \ .  ,:. ., , 

.:c.LC;.tA.;term :;,. applied&to -anq d ..or.. structur i:-!<.' ,. : 'L'.', ., ,:. 

,.:,,i;ii: d*s;j :,water' ,~annot,~penetrate or, through., which water penetrates 
,,,, .~ . . , . , .  . ! ,. 

,with, great adifficulty,..,:.l,.,~: , . .  , ,-.fa :<>;,:; . ,. . , 
, ,  , . .  , 

, ,,.. 8 ,c ,., ,, ., , < < .  : , , . , i f :  .:,, 
. , .  

; ; .  , r ;  : ,,,>, ; , -* , , . - , ,  ,,:., e.;,;, , ' i , ' ~  ., . A .  - i :  ,-:..<a*\7:..,, *. 

a3 .., I ,!, .:.;, ,: ::,..,, . ~he~,ld~est,,fio~k, ,:if .,ithe ;.l:+est ?rea,;(including 
.. . . . : ~ . ., , . ,,basemerk). .: ; ;An .,unfinished., or,, flood .resistant ,enclosure, .. . ,, 

, ,. ,*: t~:L,,,,.., ,.,:.*:. usable- soleli,-:f or parking of ,:vehicles ,,.buildiqg . ::,access, . or 
' storag'k and 'in an,.,area.. other .:than ,the :ba~eme.nt,~!,area, is not 
considered a'. building1 s lowest floor, provided that such an 
enclosure is not built so as to render the stru~tur,e~;in~ . , . ,  . .  
violation of the requirements of this ordinance or of the 

;,,,.,, ,,. qegulations an hnical ,:guidelines . . p 
' . thkreto .:. . ! >{! , ,. , "0 i.' ' . . . ' . , ;. . ' . ~  ..,. , :: :,. . 

. , 

,, . .  , . The prevention, of..storm !.runoff from ,dire~t,~discharge into 
recei$iig :(waters .. ., ~xamples'include systems which: discharge ' ., , 

,,'! . . ,  (Q, I ! . .  through,: percolation,.. . . 
on processes. . . .  . ,,;. ,,, . 

, !  * ;  i. , .' 3 , ;  T i  ,:, ,. ' I ,  . : ,  ,,,.,,,: . , '  . , .. "! . . ;,, ,, . , , 

Solid material', both mineral 'and organic, that is in 
suspension,' is being transported ,,; or,-;has .,.been ,moyed,,&from: its 
site of origin by air, water or gravity'as a product of 

. . - -  ..< ,. ,erosion .,. . ,: . . . . i j .  ... . . . ,  . . . . . . , , . . ,  . . ,  . .  . ,, , . . , ,  ,, , , ~. . , ,., . . . , , ,  , 



, . . . . . . .  . . . . . . . . . . . . . . . . .  . ' .. 

.Site 
. . . . . . .  . . . . .  . . . , > . . .  . . . . . .  , . IS. , . . . . , . . - , , '  

0 
. ., 

..::::, All .contiguous land. and -bodies,.'of water.7j.n 'one".o~ership, 
graded or proposed for grading or development as a unit, 

. .... although not necessarily at one time. 

, . . - ,  . . . . . .  . . . . .  .. . . . . .  . . . .  , , . .{. . , ,  . . .  . . - .  : , ;  .' . . . .  
, . ,, . .  

,:.. :. Slope . .i . , :.; 
. . ,, , . . . . .  .,:. <. , ,  s,.::!'j.<.:" , . .  i'l. ' ... .,, , - .,,' :, :, .: 

t,, ..; ,.- ,. - ... ..i: i '  Degree ,of ",deviation of a sur . . rom, the .horizontal, 
. . . . . . . . .  .... .~$.5??' , : : , :? '~ '  . s;.u'sual.ly. expressed in :per,= :. . :, ,  , :, . . ,  ,.. 

. ., . . . .  . . . . . .  .... ; . P. . . .  fi.,,, .. ,. , 
- . ,. 

~, ... 
. ;:.,sta& ..of. .;c0&tmction . , . t ' i  ' . . , ,,. , . - , , ., ,, 

, . , . . , : ,. . , ., . . . . . . .  - ~. . . . i , < ,  

The actual start means the firs 
construction of a structure (including. .a::,'manuf acturedhome) 

. , 
on a site, such as the pouring of slabs or footings, instal- 

, . 
, . ? , ,  lation of'- piles',." construction:of '~:coluinns,~'o'r .an$$.work beyond 

:.a>, t ,  .. !"',. ..., :, the stage :of excavat'ion dr the placement 'of a mandf acturad 
9, 

home on a foundation. permanent'-const~ct'ion~~oes not in- 
clude land preparation; such as clearing, grading and fill- 
ing; nor does it inciude the installation 'of"streetr;'"-andjor 
alkways; nor doesit include excavation for a basement, 
ootings; piers 'or "f oun&ations'~or ifhe :ere&on'.:,oF temporary 
f oms;'- no= :do&& t it?,:includ& 'de . instal.rati& "dn : the property 

0. 
.., ..... *. . .  :‘LC ,.h.;.;Ii of accessory ',buildings', such' a& " garageki,or +-sheds', not occu- 

i.. , i L , .  . ,$.,:pie&. As,. dwelling j un'it' or' '.not of the :ma>in 'structure. 
. . . . .  . . . . . . . . .  : 6'. , . . . . .  : . : . . . . . . . . .  , . :i , , : ' . '  ,., , , .  , , .  . 

, , . , "3 . , I I , (  < . , . .  <I, . . 2 :  

. . . . .  , . .  . . . . . . . . . . . . . .  'Stripping , . . . . ., 
. . " . . , . ) * '  ' 

. , ~ ,  . . ,  

, , ~  , , . . . .  < " .  - .  . . . :  . . . . . . .  " . , . ' , ,  , , 1 . . . .  . . .  ' 

-''Any activity that removes or: significantly' disturbs the 
vegetative surface cover, including clear$ng.and ,grubbing 
operations. 

Structure % * 

Any combination of materials; including buildings construct- 
edhor erected, the use of which requires location on or in 
he ground or attachment to anything having-lbcation on the 
ground, including, but not limi"ted'to, buildings, towers, 
carports, signs, billboards, and fences, but not including 
telephone poles and overhead wires, fences less than"-three 
(3) , feet ~. high, retaining walls or terraces. . . .  ., . , . ,. ~ . . . . . . .  . , . . .  . . . . . . . . . . .  . . . . . . .  . 3 . i  : ., . '  ?, '" \ ,.* 

. . . . . .  
; ;.. , . i  .'?:s&&tantial. .zmpr&&,entt , . " :  ; . " , ' > 

, 
, , , . '. 

. . . . . . . . .  . . .  . . '. . ' . . . . . . . . . .  ,< 2 . :,*c- : . , ,. . ' ,  , . , ,, , . , ..> .. , . 

Any combination of repairs,  reconstruction,^' alteration, or 0 
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'mproyements ,. '. ,.to a structure, taking. place ,~~ .during ., the life of 
. . strbcture., . . . . . .  . , < . ,  , in which . . . . .  the- ~,., cumulative., . , .: ,. . cost . . .  ,equal's' or, exceeds 

, , ..: . , . .~ , 

. . . . .  

ealth, sanitary, 
ly necessary to 

.:+ 
, , , ,  

. . , . . . .  
. .  ..?. . 

. , # , , .  . .  . , , .  

, ,,, .,pond, i 
.. 

f i  includes major, storm runoff . 
, , 

, . :  ' > .  . . ,  , .  , ~,.,,T :,."2,.:<.:,,, . . :  " ' L ,  .-. . :<, .:it*.!":- : . , $ J  $ , ~  =*<:.r 1;. 
. ..Section 4. . . .  & i  . . . . .  . . . . . .  ,, . Pub ic works 

, . . . .  . , ,  ,, : s , +, ;:'~ ' . .-:'.~:..::)..- '. 2.c ., . .  :: , . , . , . ?  . , , , i .  

a. , . . The, Engi 
, , ,  

bl~c; works , . ., ,:. with the .,, ..L?> approval of. the 
: . . . . citi ~6incil.'idilbwi~~.a,~ubli~ hearlng, shall 

. .establish"wr~en'~kgul~tii~ns,.and~~tedhnical guidelines 
, ~ .,' , . . . . . . .  1 . , .  .~ 
.,. . . .  . , (and',an$~a~ndments' theretoj;' . . . . . . . .  as may be ..necessary to 

. . . ; .  , . . . .  enforce &the. ,term$'. of:; this, . .  , . . . . .  .ordindnce. I: These regulations 
and' guideiine& and 'all appendices thereto,. shall be 

. . -filed, in the Citq: Clerkls. of fice;.of the city of , . ,  . . . . . .  ..,,., . , . 
, , ~untsville ,',,~~laba~a.~, , , ,. , , . . ~ . . . . . .  . . ..,., , . . . . . . . . .  , , , , , .I , , " -  ~. 

'.<? . . . . . .  . . ,, , , , ,  ,. . . ..; . , ,  . . , . .  , . . . . . . .  > . ' . . . .  . , ! .  . . . . . . . .  . ? 

. .b. . The ,.. ~&inee~)if :, public ,.wdrks ,'shall, haGe the authority' . - .  . , ' , ,.,,. ,. . ~, . , , . ., 
. . , , . , , , ; 

to , , ,  ,issue ,,.grading perhits",as~,',required . . . .  .hl.i .under (. the 
.,$: i: ..;<: ,,; . . . . . . . . . . .  . . . . .  . ,  regulations'..p~omulgated"~~ursuant . . . .  ..,,. . .  . , . ., ;to . , , . :paragraph . (a) of 

. . , ,, , . , .. this . . . . . . . . . .  section. ,,.~ny;\,grading' permit ., :exemption , , ,. .. . authorized 
by;. the Engineer . . . . . . .  .,of .,, public .., . ,,, ,works . ,,.. , under ... .,such regulations . , , , . <, . , ,. , , ...- 8 

shall not b~"construed"as relieving the party 
. . ' * ,  (, ~. :,.... ?'! .: ;;, responsible-fortheiidentified.activity . . . . . . . . . .  . . , , .  ~ , . , ,  ~. from.making 

: . - '  ' i s  . ,  . ' . . onsite, . .I,ri drainage ... , - .. , :,imp?ovem&ntsth""t , . . . . .  .I . .  ; .  . . . . . . .  :, 'm<t.i:be required or 
. . . .  . from .compliance, with, ,the Zoning :Ordinance of the City 

..... 
, , _ .  .: .it: . > A _  ' '. , dr ~untsyil~le ,., .: ; o r  (hny F ; ~ ~ ~ . , .  ottier,.applic~dl~':laws . . . , )  . . ,  or 

, * . ,  .a .. . , , ,  . , .. , ~ regulations. , . , , , .  , . :,; , 
~ . ,. ~, .. . , . ,: . , :  . ,  . . , , ,  . , 
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, * . .  e ~rigineer of "~ubiic Works .shaii..have %ti& authority 0 
.,. . , .. . s .,,.., , review -all building 'permit, 'applications prior to 

eir :issuance by 'the .city of' ~untiviile'~~nspection 
. .  'Department' to insure, compdiance ~~th"'the:'~rovisions of 

this ordinance and "the regu1ations~:and technical 
guidelines ahopted pursuant "heret o. ~'~-~uiraiiig , .'. permit 
applications are,'exempted'f rom' revieii': by, the Engineer 
of >Pubiic Works i f  the' structure 'h$hich';i's' the subject . . 

.,> i r, : ' .  ! 
., ,, . . . , ,",:,, 

'-,,of ''such 'application-*is' to:,be,remodeled wlthin its 
. . :. ,existin=,walls .:&,.is .a residenti~l,,~+~l~inQQ:~~On a - 

-, " +.. . . , lot; within 'an .approved:~subdi~is$~n~.. ' l ~ ~ ~ k , ~ ~ ~ i ~ i ~ ~  
,. ,.. - . .  . . permit, unless exempted as :indicated ..herein, shall be 
. ~, 

, , ,  . 1 A 'issued bythe City of' Huntsville 1nspection':'Department 
-. . . , , , . . . ,; : :  . ' . . . .~ 

< 
until' an~applicati!on for' such bailding-permit has been 

. . . . .  approved 'by 'the ~ngineer'of public .Works,- ' ':The 
exemptions listed herein'shall~not'be construed as 
relieving the party responsible for the identified 
activity from onsite drainage improvements"-'that3may be 
required in accordance with adopted building and i , ..,. :,,zc.' ' , , c . ~ r ' l >  construction codes"or from.' compliance kith the Zoning 

, , , ' . ,  :' Ordinance. of ,the City of Huntsville :or "any:.other 
, ,, , : , - ,. . 
, , . . y., . 'apfilicable laws or: r$gufatior,si i.. .. ":" . ':.',;;..'."" '. 

, ~. . . . 
;.b .. . . ' ' , < ., 4 i:..."' .>.  , . ' .  - ' , .  .. . , . .  i..;":, I. ?;, 4 . .., , . ,..:i.,'... " : . . '.>: i . , , , , . ,  , 

!. ., 

The,Engineer of Public Works is authorized to enter 0 
upon the' premisesof any;: land within the 'City of 
Huntsville for which a grading ,or building permit 
application. hasZ,been .filed $o'...i!nspect :the site before, 
during, and'upon 'cbnclusioti -ofvan'y ianh disturbance 

,,,. . . , . '.:,~...f activity to detekkine c&piiance ' G i t h  "permit conditions , 
and dhe 'treauirenients 'of ''the',remlhtibns and technical - -~ ~~ --- ~ 

& 

I " , i  .' .'.'-.. @delines proiulgated:p'ursu&nt to ',this ordinance. 
. , ,,,' , .  ' , . .. . , 

, . , , : 
7;. , , , " .  , . , ,,., .~. ,  . ,,, : 

- ,  

. , , J 
. , 

. , . 2 .' The Engineer' of Pubiic *works, or an!;&mployee of his 
department designated, b$ him; . is 'authorized to issue a. 

. .  , . . .  . citation to any person gound by him toebe in violation 
,.:* ., . 

I :*' '- of this' ordinadce or the- regulations and te=hnical 
. . .  . .: , " ,, , . . , .  , . ,  guidelines promulgated ,pursuant "fiereto. The citation 

shall order the person to'appear.in8,the Municipal Court 
f the City of Huntsyille, '~labama,'"at::a , . . . ,  .,., date and time 
ertain to "nswer'the charge ' '(k) dgain'st him. 
. ~ ,  ,. . . . ,  .,. , . 

. . 
' , -.... ,". . . I , , .  L,,'':. 

lie Engineer: of'~'.Public ~orks'~~sh~1~'hav'e the authority 
orequirea perf~irmance bond equal to'the work to be 
erformed tof"insure' prop~r'con~truction of any 

. , "' -' .stormwater 'drainage facility .or proper performance of 
any other land disturbance afctivitir governed by the 0 
provisions of this ordinance. 



, . .  . , , , . % , 

gated". pursuant-:hereto, or in a 
dangerous'lbr:-unsaf e manner:. : :i Such, notice shall be in 
kiting,:::.shall:. be delivere&.;.toithelowner of the 
roperty , , his; :agent, 0%. the ;person: doing the work, and 
hall: state! the conditions, under~whick;, work may be 

c . . .  . I . . d .  . . : .  ' , , . ,. .. 
,,. 2..., . .  : . i ., r..;'Ic. 

. . > ,  .. 
, , . The; ,~ngineerl of,, Pub1.i~ W& 1~::. the following 

.r ; . : standards in ,the enforcement, of' any"! regulations,l, and technical .. ,. , 
. guidelines- promulgated pursuant,. t0,jthis.s ordinance: ...,. 3 

. ,. , ,~ 
:I 

.. . . , , . . .  . , .  . ,  . . ;it ,., ;.,. ">:-:::,.'2.;..3:', ' , . c : ; L .  L . .  , .  I .  . ( _ . . 

,. . .. , ,. :: : ), .a. .. --, ::  he ,calculated .peak rate of* stormwater.;runof f resulting 
-i .. : . . ,  ,,. from:, a ten-gear return period ,,: twenty-f our (24). hour 

duration, : t storm: di stribution;i/;(as defined by the 
Soil Service,. U. S . .,, Department of 
Agriculturex shall,, be $0 greater, after, development 'of a 
site than bdfore deyelopment.of,,.a;site. 

. .  . . ,:I ,.. ;... .. , " . , ,  
. . , A  , 

b. No construction, whether by private or public action, 
shallbe performed in such,a,lmann,er,asi.to materiallx 
increase the degree of flooding'in'its vicinity or in 

., .. . . 

. . ,  ,. increased 
, . rbank storage 

. 
. ,. . , .  . . 

!.,',i; ,. . . 

" . :, . . . . . ,  *;. : .:!: 1. ., . ..,. . ,.,, 

a. ' chation, number, appointment and' terms of off ice of 
members, . qualifications,~,removal,,compensation. . . . , . . . . .. , 

~ , . '  ., There .,is. hereby -,created ., the., ,!l.City:.of ..,; Huntsville 
, , , : ~tormwater~.:mana~ement, B~ard*~:which: shall consist of 

':&,.:; ~. . . I,,., _ ,  ,, . . ,. . . . :: five, members ;, appointed by, the~.~a~or,.:,and approved by a 
,~ ...; , .  majority,. yote of. the: ~it~&c'ouncil:~. - , ~  > Each . member shaXl 

, :  . - ,  .;,be appointed: ... f.or ::a,. kerm. ,ofj..three, years*, except :that  in^ 
.:.. r .  . , - . . .  , , .  . , . .  the first . instanc'e, ,one membeer.shall :'be appointed for a 

*>" , , '. . , , . .  . .term, of three .years,L two.for ai.teG.. OP( two years and 
, * .  :. , . . ,  ; ., , twd for a. term,:.jof o n e  ieak~ and thereafter each member 

P appointed shall serve fok.'a ;̂ term: of.; three years or 
until a successor is duly appointed. ' In addition to 



the five regular members provided for in this 
., . . . , .~ ,-.,-subsection, two alternate--members shall be- appointed, 

. . , , : . . . ,: i . :  in 1ike:fashion:as thebregular.members to serve on such 
. ,  . , . , : . board at.the call- of the, chairpersononly in the 

; ,:,:#: . . . i .  ,,. J :-c;.. absence of, regular~members,.: 'and while s o  . serving, shall 
.~. . , . ,.i... have'a'andj exercise the power: and- huthority of regular 

?,  : ,.i :: Irlr.2 '~~rnember~.~~::~lternate members ' shall': be i appainted to serve .. . 
5: :ii, .:.for.three year-terms. :All; members.. shall 'be eligible - 

. . t  Y. .2 c : i l s  + forreappo$ntment. Twoof:. the regular members and one 
5.. : ::.r, .m A-~..+.,~alternate' (shallbe' 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 
shall be residents of the City of Huntsville. No 

'. member shall,. hold an elective (off ice,. nor.h~shal1 any 
;.. . ,...member be an' employee, of  adi is on County orYrthe:,.City of 

Huntsville, Alabama'. - : All members: shal:l.:serve; -as such 
without compensation. No member shall exercise the 

,+ . . ; . t r .  .<  '-'.. 
.,' , , 

.' I '  p'owers.. and 'duties delegated to: such 'member- ,by this - L? ,.. ... ; ,. ; ordinance. in connection with any .matter pending before 
,the ~oard, in, which , such member has, .a. ;pecuniary or 

- : ,  - direct interest o r  would be'financiallyaffected by the 
final result.. ~embersmay be removed:by'the Mayor for 
continued- absence from meetings of t h e  Board or For 
other. just cause. 

. , . . ., . 
. , .  . 

. . . ~. 
. . . . 

, . 

... Within ten days..' after its appointment, ' the Stormwater 
Management Board shall elect one?of its members as 
chairperson and another as vice chairperson. The 
Engineer of Public Works shall appoint the secretary to 
the board who.shal1 ;be'tXe:custodian of the.minutes&and 
records of the proceedings of the board. 
. , ,.. . .  , . . , ,  

, , , . ,  . - .. . .  . , 
. , 

. ,- , . . ,  

c. Duties and Procedure 
. . 

.. , . 
.., . ,. 

) .  The Stormwater, Management Board shall ' adopt such rulles 
L .. >:-,, ;:,.'A ;...: and" regulations'as .it may. deem necessary to conduct its 

" ,>'? ,% .,,.>, , , , , " ,  , ... ,. .. .;;-!:~;*' ' .  business:, - T h e  board shall hear :all appeals as provided 
, ,  . 

%, ,: . * >  , , . ....... . :: :.:'ci .,:in this section. :, The board- shall meet at regular, 
. ,  , 

<!.. . ., . : T ~ >  -$:f , ,:. :.I. ,,;,#,!., monthly intervals;; with; the ,day.and time to be 
, . , , ~ :  ":,i>.::< )'$.,;'. ,, .. . .. ..% , . ,  , determPnea by:.the chairperson."n the event no appeals 

: , *  . ' , , . . .. .. . h 
. , 

ave been fiied and there ,is no business'pending, the 
,-,.. . ,.,A ,.I .e?.rt.3 ':.'.? s?. ?!~, ch&-p&rs,on; may cancel, the meeting at .' any time after 

..t,:,i , .I: . . ,  , . -.. - . , t h e  seventh dag; before ' its, scheduled.. date. 
. . 

, : . ' , . . , . , . . , , 
. , . . .: . . 



d.. uorum Vt' a d  . . , , . , ,  . ,,r., Q ,, , , o lncr n , Conflict of Interest;.. 
, , 

' 1  
. . :;:,,:;. ' . " . 4. . n. .. 

ur :;memljers of ,tiie,"~tormwater, Management ....... Board shall nstitbte'L'a' 'qudinim..:'. Th; ..: coiicu.=ring vote of four 

members of the board shall be required.to reverse anq! 
-. ,.",;!,?,. ,, 

order, requirement, decision or determination of the : 
. ." >~ 

. . .  . . .  Engineer ............... ,of, .;.. ,Public . . . . . .  .,:5.:r;. Works. ........ or ~ i . .  ,to % ..,...*.. ,.decide,$!in , r e  l 
f ayor of the 

applicant on any matter upon which .......... ..it t; .is .............. ..re+ired,, + .,., . to 
passunder- or to. effect any variation in this ordinance . 
or the. regulations and .:.tecdnical, guide1,ines. adopted .+ ,. ,, . l  ... ..> ' . ~ * 2  .", .. . :~ , " i .~ !> ," -A.z  p6rsLarit' ' . ,  : I & .  4 , -  

..*,. , ,,, ,as,., . -  -, . . .  :,.. N o  . . member . ..- ..of :the. . board /.In ' shall vote ,'on 
any' matter: f i  'which': he,..has a. :dir:ect or,, :indirect 

, ,  . , , ,  " , ,  ~ . ,  ... .. .... . ..... . , . , .  : , " . . ,  : , .  . .  >,.,. " c.. _ , . a , .  ,,~,. *" :: '> 

i;.. ,. 
pecuniary; or .personal .interest.,. . . . . . . . .  _.., ..,T _ i i A C  he alternate ....... member, 
if: a+diable.,,. shai1"replace . . . . . . .  ...... any., . member,.who .............. . has a 

, , conf sict ..or 'inte re',s. t. < 1 , ,. , . 

. ,' I . . :,: $:,;da!::,?'.,.:J>, ,: ~%: - , . . ! ; , l ~ , ,  :,:. . . :  . : '  . , . A 4  . ~ '  ., ' r :  ~, <,A>.  A , ,  ~. ." 

.& , $ .... .....*. ,~(.i")!~% .,.. 3 a J  Appeals' t q  ~the':St'dimwater' ~gkagement. . ,  , .. Board max be taken 
: -fi,:$::$. ,:. .*: : +t:;:.of.:~~~li~~,~w6r~s by1'6n$ person aggrieved aara:nn$, by,': od+-;; za ;;f , declsibn: ,khe,,,regulations &, ;,+,.% ..... 'Cif A ,  . the Engineer and 
":.],:>':.~,..: ' . ~>7" ,~* t~ , r ;?)  ;:k-\ , >  . . . I  L;, . . . . . . . . . . . . . . . .  I - 3  .................. .1. 

techriicai', guidelines,: promulgated, ... pursuant to this 
. , ............. : . . .  2 :  , . . . .  . . . .  , 4 .  ..... ,*. ..... ,>, A "  .. 

.... c .. ... .. ord1nanc.e.. A ,  notlce of appeal., must-be, filed' with the . ; . ; ;Lfi~:~z$,>>', ;  >,;,,~,,c.3,, . , , *i.~ ~ , ,  ,.,*e7> '1 I... 
~ngi'rieer.of ~uiilic Works, and the stormwater . Management 
Board within. . .  15 ) , ,  days ,afterl ., L.._,. such .>, ,/.. ., dec.is,ion. .. ,~,. . ; ..h. ,.*-, <'>- of ..';LA .the 
.~n~?neer~ 6f "~ub'l~c~~WorkS ,..; specifying.., ......... .. the .... grounds ............ ,..., . .:. -.li; i . .. ... 1. . ,,.. , .., a:, $ " .; ?..'" s. 
hereof ... The; ~ngineer . . . .  . .L, . . .  . . . .  of:'~ubllc +.. gworks ,.shalL, ,.. ........... transmit .- ,, 

o;;the 'boirj&~all, papers . . .  constitut~ng~ I . . . . . . . . . . . . .  th,e:. i/ record,. . . _,._ ,,!,,.. upon 
hich .,the deciSion. appealed .from., was taken, . :. .The: board sh.a,il publ,ic thi' hG.J.--iiig: of..'the,.a;-peal, 
as..well as due notice.. to the., parties in, interest, and 

: . . ! .  ,:,.:. . .  ' J .  

shapl decide the same, :, -. . within ,. ., ,a: .. , reasonable .... ~- A,,.. . $ .  
time. 

. ~ . . .  

. ,  , (2) , A decision.,. of .:,the .Ston?water.,. ManagemenLBoard (a) .,.. 
% . ~ *  , ,s rever,king...or iiH ji>n.&~ any br,aer.'. . . . . .  : 

....A > 
requirement,''" decision 

....... '.; 
or determination,iof. the. 'Engineer of,: public, Works or (b) , ' ~  *:,. , -  ............ "r ... . ., ., d 

m 'f kvor' of the'.'gbp'lica&: 06 -an$.%atter, ............ upondwhich it 
::: \e.xs$~!..7t, :,'), 

".!; is';re&ire'd 'to"' p.&kS., ,ghail..: be, ,~,,,jil~~&~~, ,,.. ,,-, and shall 
specify in what s&,- ;;a'=rat,i-gns shall be 

~ ~ . * ; ~ + c ~ ~ ~ ~ ~ ~ ' ~ .  .: . - , A  ., :! .;c: the conditions upon, which they,. 1. $.. 
o 'be made and the . . .  ............ ......... .,. 

reason="theref or +,,. ... ., , , 
. . . . . . .  ,>~. < . , A .  .:,.. ":..: - 

,. , . .- . ..(3,) . ,,.. .. Eyeq decision. . . . . . . .  of., the, StormwaterManagement Board shall 
"'A;, ...,* " - 5  ,. 

* "* ". b.g .fil, n:il .: , sub je=.ti! however , ,,'?to'' %h": remedy & any y . : !  :::,i.~:,.:":" . ::,./ . . a , ,  $,., . . . . . . . . .  ",,, 

aggrieved partk 'ma?' have at :lab iir in gqu:ty. E*eq 
decision shall, ,indicate the, vote of, .each member of the (r . ? : ,  .. , .  . .  +- boar& 'upon ,the .dkcisib.p an3 'shall: be. entered into the . . .  . ;?.'a .,. :.,.::,8::.,c"aqrJ ",, ,< , ,,,", , .. . . . . . . . . . . .  <. , . . . . : . . . . . . .  





g. The compatibilitx of the proposed use with existing and 
anticipated development. 

. . . . . . . . . . . .  
:,i ~.,., -. ,, . . . . . . . . . .  . .  . . . .  2:.:.,.:i.: .s .... .."&!; . , I? '  

the :property.rdn:-times of flood 
nc~:r~ehiclesir:.:;.:i.~; .......... ,, , >,< 

, . 
. ".%: ' , "  . ".~,: p ,-?,~, ...: 
.I..... >.r,:,. . . .  LA. ....... ',..t.l 

i. The expected heights,velocity;, duration, rate of rise, 
and sediment transport 'of the If loodwaters and. the 
effects of :wave action, if ap~licable, expected at the 
site. 

. . . . . . . .  . . . . . .  
4 #.'  . '. . ;.?.I , , ,, ,.. .,-, % ,  :;.' ....... . f l 8 . t S h ~ > . ? ' ?  , . . 

. . .  -. . . . . . . . . .  . . . . . .  ... .  . ,- -. ~%:,. ,> :*.. 

  he costs of providingt,governmental services during and 
after flood conditions !including maintenance and repair 
of public utilities and facilities; such as sewer, gas, 
electrical and water systems and streets and bridges. 

. , . , . ., .. , . , . . , 
. !  ' 6  . .  . ., C ' :, 

Upon c d above, and the 
objectives of this ordinance, the Stormwater Management,Board may 

;'' attach such conditions to the granting OF a variance as it deems.. 
necessary to further such objectives. 

, , 

, - 
s ,, ..... .I ... Section 7 .  Penalties . . . . . .  , . . .  ,,, .j+...it., .. ......... . . ir .....,.....-...- 

a. A violation of this ordinance shall be punishable by a 
fine of not more than Five Hundred and NollOO Dollars 
($500.00) for each and every violation. ~ver$ day that . ,~ 

a violation continues shall constitute a separate . . . . . . . . . . .  .",.",", .* ......... . - *.. . . . . .  ." . . . . . .  offense. ... ,:, . ..:, .y : .... .. . .  ; :-. ,(,r 
& .  . . . . . . . . . . . . . . .  

. , , 1.. , . ,.,..I 

b. In addition to all  other remedies provided by law, the 
city of Huntsville shall haye the right to injunctive 
relief for any violation of this ordinance. 



HUNTSVILLE-SMM 

.. . .  . . . . . . .  Section 8 .. Severability . . J  ..:. : : : o:.. .: 
. . ,  . , . . . . . . . . . : . .  .................... 

The provision of this ordinance are severable. If any 
. , . .  . .I .... :: ... part ,iof ;this ordinance .is :declared ,.to';;b"e invalid or 

c unconstitutional;::such-'declaration.shall not affect the 
%. 

. . .  ..,.,. , ,  

.. ,. ,~ e 
,. . , , . . 
-,i. . ,, , ., 5' ..?:L'.. '..it , ., 

ADOPTED THIS THE DAY OF 1991. 
" ;j: . .  ,.>. >3.> 2*? ..". :,,;;:.-.>.:.4 :.. ?.-'.,. , 1, . . . . . .  ".'.. ... ; !  . .  ........ :.' .. , I , '  . " . . 

President of the City Council of 
....!. ' : ' .  ... . . .  ,,the. City ,of; Huntsville, :.Alabama .:,, . !:;,L,. 

. , , . , . . . . . . . . .  : c:::~$".. ' , ::.., : ;.;<, . , 

. r , ,  .... ' i . ,  ::,: , . ' ; , 8 . , . 2 : , ' , .  !:,>;::? ' a * . ,  

. . . . . .  . . . . .  . I , . .  . . . . . . . .  ........ .. ,.. , 
, 

APPROVED THIS THE , , - fa  ., 

_ ,  : 
..i . . :DAY;:OF ,,.; . . '  . : ' I  . . a.a: +,,. ::.:.- I 1991. 

, . . , .  . . : ? ! , , . ' . ' . . , ., ..,ii> ..: L.'.'.'..'.. ' , , :; . : .  : . . . . . . . . . . .  
. , . . . . , . , ,.. . . , , ......... , . , , . .  ! . . . .  ...,, r .  .. ,.: .~ , . . 

. . .  ; ,.;. ' ; ,: ". . <,,,.~ , , : ,, .., *'.. .,..:.~,:;: 
.. ~ ., , . .... .. . . . . .  . . . . . . . . . .  . ., t 

....... . . % . , ; ; r  , ,. . , , 
., , 

i, . '. , .: . . : i t : : . , .  ' :  , , ; , . . '  . 

Mayor of the City of ... .:.. : 
. . , ., Huntsville, Alabama 

.& . . . . . . .  . . . . . .  " . .  . . . . . . . . . . . . .  . . . . .  . . .8 . . . .  . .  ;i . . , , I . ~  . .  , :, : >; ,..' 
. ,  , . ,  . L>:? ,;!Yx:' , i  :,:: . . . . .  , .. . , . . , ,  

." . 
, . 

~ , ,  ::+:+ (7 P~,,,! .r ..,: ,, ' (i a . . ; ., :.I. 
, , . 


