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Abstract

Bridge scour, a phenomenon characterized
from the vicinity of bridge foundations, IS
engineering and infrastructure management .

approaches to calculaatesaed tohedetakmifnewthed an

velocity in the vicinity of a bridge, which
on the assumptions, l' i mi tations, ancel dound
significantly different flow results that in
even when methods estimate similar fl ow magr

result from bridge confi gur atta owhsi cbhe ttwheeesne tnhe
can influence pier scour depth estimation 1is
i nvestigations. This research addresses this
with 12 combinati omnsaudfi ch yadprpolooagecihceasl faonrd ah ytdo
Each simulation was analyzed to assess t
FHWA HIESBC and the Observation Method for Scou
alternatives to calculating the peak fl ow:
FreqweAwgal ysis (FFA), and -#HMSt rdi. Bu tweed emoedvall s
using the SCS Curve Number for abstractions
The peak flow waygeeenit mataedl ftdhhre dydO0O®©I ogi
simul ated -base ®d-RASBSE® e tft6i. |I2i aweadst hue hy dr aul i cs
and-WSPRO,EnleD gy, 2D SA connecti on, and 2D t e
piers were used as brhied gn® drdR#PeSi imnedd B pcpr recaa cehde ¢

Li damwideéatesaol Ut emoermimtf(ed. 28 xT h3e. 2r8 sfutl)t s showed



regression equations, often used bygasdate |

hydrol ogi whéeénscempared with hydrol ogical mo d
the 1D models are very similar, and in most
approaches better represent t he approach (

configuratconbaagd dgepocities and therefore |
Lastl vy, it was found that the moi stwase condi

scenario for peak fl ow determinations, which
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1.1 NTRODUCTI ON AND OBJECTI VES

According to Wang and Liang (2017), scour

the erosi Vvé oawthigostofeaam on erodi bl e beds. Sc
water, soi l, and structure interact (Prender
removal of material from the bed and banks of
wat(edhami I | , 1999) .

Bridge scour i s a pressing concern i n
management , posing a significant threat to
(Melville and Sutherland, 1988). This phenom

se&i ment from the wvicinity of bridge foundat

catastrophic bridge failures, |l eading to sub
and Davi s, 2001). The prediction amdirasiggessm
the resilience and | ongevity of bridge struc

Hydraulic Enginee(fHBIQ8)Girrad welreerncMo .f 018 des
evaluating, and il nspectieng, adz(dadpasovi des s aol
deterministic procedure to calculate the sco
particle size (D50) and ay epaerakdefsliogwsn, fulsoucad | g
magnitude of the fl ood eventterissntdipcesh ieffiadd by
di str{(6howoat. al , 1988). There &t ewdwhiehen
ar ati onal( MWd tvlamdely8 b BTC.S X.MNuwmber Mveot chkouds , (

V., 2972wy dr ogVred htlelda r( k , C. 0. 19 4159 3 8SNhoycdkeu's,, W.
V. ,297ZF1 ood freghewcyt Addlsy sligéfiBfoe @ gh c al mo d

(FI emi ng, M. J., RosBaoemmNeli0Od®h, eeabn®®@®j oA 8D9)



Regressi onRiEeqsua¢t pasT.h(e 2M00GMe tchoosddbdn at e
Depament of TranspoRtgteeni o EheaBegren@RREE

simplicidasendf tdheaet a coddak tdidosmovcti cat ceat emi mihn es

i nterval recurrence interval
For the state of Al abama, there are diffe
pe afkow (Ander son, B. T., 2020) (Hed®dd®oock, 2

| ow ,faln@hwmufabw st atistics AlFtearsn a&tri veetl yal .t,he2
hydrol ogi cal model s (FIl emRiosgmaM., 2010& Deahn s

20009) can be used to estimate the abstracti

i nchgdinterception, evapotranspiration, i nfi
both the cell and basin scal es. These met hod
are more represent amaitweea schfedlsacal conditions

Once the peak flow is <calculated, it i s

cal culations to estimate the velocity and t hi
there are different hydraulic modaedii antge da pwir tofl
t he bridge structure,j memsdi onlaé¢ y-d(ididin s io@n ad mwe
(2MDe.pending on the method used to calcul ate
these variables present diffantemneg Birunmag n ie
202Dhose differences resul't i n a given peak
alternatives to calculate the peak fl ow and
a systematic study tm reevsadlutags ef drhec admbfif rea teir
alternatives to calculate the peak flow and

1D and 2D models. The research question that



To what extent can pier scour estimates

hydrol ogic and hydraulic computational appro

1.10bjectives

Thireseairmhh t ot haeddrr@@gsesasnt clon by performing a ¢

whiaihf ferent hydrologi ar anfdesrbdsic awo if ®@utaipmpa toa

bri dges iSmpeklidhamdplryo,p:otsheiss st udy

T To calcul ate the peak fl owudiomg fRagi csredlec
Regressi ooRE&udaitsitornisbut ed npHOMISEIf@ rusi ng HEC
di fferent antecedeandseirllddhomiodt lerveendandi t
T To evaluate for the four selected Bridges
usi NgRAMEIL66. 2 andDmadnel 2Di § 1Bn &MSPRO, 2D D
SA connection, 2D Terrain modification wi
T Tawse these hydrologicahndaantd dydurudalccules
Hydr ol ogi ¢ Engi né4 &rmidng h@i rObwlearsatblu@® n Met h

ananalkyhese results.



2.LI TERATURE REVI EW

2. 1Hydrol ogi cal met hods for peak flow rates

Peak fl ow esti mates are often used for t |

channel s. There are different ways to estir
wat er sghaeudg eids or wungauged. I n gaged sites, it
Analysis (FFA), considering that there exi st
of an extreme event and its freqgdm®dy¥w)of oc
ungauged sites, methods such ase Regedntad &Kalgc

peak flows along with hydrologi ¢é&alesmodaeltihmg s
i n ungauged watersheds i s rt hlaots shehsd, i bvditatcce t oc o
physical processes such asintndrideaptaitdm n( GoGu der
Monteith, 1990) , evaporati on (Penman, 1948
evapotranspiration ( Momtaddiht saaomle tUindsavrote ot ihg a | 2c
the direct runoff and quantify the abstract.i
(SCS) ( Mocknmnueswn 1872 he SCS met hlmals edoronmnblsanmd
cover, |l and use, area, and hydrological <cond
Thi s rcesmeparcehs peak flPWA,prRREctaonds hydi o
model s for gauged hgdtebogand!| RRodalnd for
The®ubsequent section presents a brief descri

study.



N

he

~—+

ut i

exp

ext

. 1Fllood Frequency Analysis (FFA)

The primary aim of conducting a frequency

relationship between the occurrence of sc¢
' izing probability distributaichhng.ef By pitoal
ual maxi mum di scharge, denoting the highe
en point throughout the year. |t is assum

oss different years ar&8988ptistically ind

The observed data should typically be adj

tribution, considering the goodness of fi
tributed as expected. I f tdeegoondhe$ssl bbw
ected distribution, then an alternative e
considered. This adjust ment ensures that
remes and all ows fodimoTlmenswmecstr acemmaorl %

ue distributions are the GuhbetsextTeme N
tr.i buh-Beotnogon Type |l l-pdiamei but gammasdis!
h a |l ogarithmic transform of the independ

FIl ynn( 200&dcri be PeakFQ, a software appl i«

States Geol UGEal t Batvewnt grates the princi,|

(B1
acec
di s

gen

7B) o f t he |l nteragency Advisory Il@Qommi tt ¢
ordance with-fBbwB,daadaanumalstpeak sfan t BEdp & ol
tribution uvoimegnttsheAl Gopedcthend ( EMA)d (@Cohn

eralized veBschntestther €t owbsut 0OdaB3 . (Co



2. 1R&€gi onal Regression Equations (RRE)
Regression equations are used to estimate
The United States Geol ogi cal Survey (USGS) h
equations, which are incorporated in comput
Statistics software WNSSh (i ¢edel Fbuerdatail on
( Rildedt al ., 2004) and all ows quie kUS.sti mati or
Brown etmahti oppO0O@6wuaheonsrwkre built for

on a series of studies conducted by the USG!

equations are based on watershed and cl i mat.
state that cam tb@p oogbrtaapi hniecd niarp s, rainfall r
regression equationsqaurad.iggenner ally referred
YO ®O6 6 6 (1)
Wher e:
YO=Fyear rur al peak fl ow
A= Regression constant
b, ¢, d= Regression coefficients
A, BBa<fiFn characteristics
Brown et al. (2009) descr-pheametwwet hpatUSGH

urban regressionr emgqalat peak tbow®nverwurban p
equations are based on data from 269 basins
have been systematically evaluated and shown

wi th recur raemgieng nftreanvad sta 500 years, with



on the order of 35 to 50% whlkonseaeoempracgresl ¢an f
| arge for bridge scour esti mates.

I n Al abama, there are different document
freqguenci es. Most of them are focused on the
size (smal/l and | arge), and the magnitude of
split into three types of references related
(Hedgeaaoadckee, 2010) , l ow fl ow, alnd, azha®), fd
are used to estimate annual d oceadd amcse plirheb/a
devel oped by wusing current geospatial dat a,
(Anderson, 2020) .

I n those reports, Al abama is divided into
upon review of residualdigli ot shydpoéwigoes umnep
geol ogi c maps, and physiographic mape (Ande

depi cRieglri en
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Fi gdreLocati

2.3lHydr ol ogi cal model s

Hydr ol ogi cal model s were created to si mul

di stribution of water in various natural sys

aquifers (Chowaete al ffeXr®&d) t ypreasr @ef hydrol o

ffe

we can highlight-beameidr imoallel and apmhdy ¢ ihecyl di

simulating and predicting hydrol ogical proce

on hi sttoar iacnad odbaser vati ons, and they do not

physical processes t hathagqay e rtribeh spehdycsinacdag |l s Oa



designed to represent the fundamental physic
in the hydrol ogical cycle. They consider pri
energy, and moment Odimo¢ dMahguewond o0gil®8B) model s
classilfumpled namd di stri but eldi erso Hienmptehdanttho t b b & 1
simplify the water(Ehedv ient,alwah,idie®@&ldé¢s.tunibtut e
consider the spatial va(rBeamb,i K.t yJ.o f &h yKdirroklboyg i

Chen, Y. (2018) defines the distributed hy

mo d e | t hat di vides the terrain of an entire
characterizes the hydrological proatiscre,s, i
snowmelt, infiltration, and runoff formation
Some examples are SWWM (Rossman, 2 QHIMS) | SWAT

(Feldmahpn 2008) study, the hydrohggHEMSE, peak
and a brief description of these models is p
The Hydrol ogi c EngfimemrtiAirgnyUC.e@atreprs (OHE B)n g i
develtolpgydr ol ogi c Modeft wgr ebns wlamesphr b duc e
hydr ol ogi cal @&srualby seivse nppr aenedddrtesati on, unit h
routliomg model s, direct runof f model s, hydr ol
confl uences anad obnitfruorlc asttirocantse,giwast,erand an aut
HEEGMS al so pirmcleddig s necessary for contin
evapotranspiration, snowmelt, and soil moi st
I n this study, tbhaes emdo dseilnsu | meén @eneyemtnd t
evapotranspirati on wdsi wmompuao es itdvarseadi.sedaat i
met lkondbwn as ©®BSCEBbdeeryvreveyhetd Nat ur al Resources

ServiR@SWhiNch calculates the peak flow as a



potenti al water shed stor agveo,c karsdTl htet®oer 20 inrhea | ©

runoff separates total rainfall into direct
Equa2(iBrnmown et al ., 2009) .
. 0 ™t 2
0 Tty
Wher e:

Q@=Depth of direct runoff (in)

P dcept h-hotir 2dreci pitation (in)

Ss=Potenti al maxi mum retention (in)
The potenti al ma x i mum rEegtueantiioonn 3SR i s cal cul

1L ®)

00

Wher e:
CN: Curve Number. CN depends on the Land covV
val ue c onEsgiudaeBrceodn riesponds to AMC 11 or nNor mé
conditions. The antecedent moisture conditio
soi l has when the rainfall starts. Exi st t
Conditions Taasbllies shown i n

Tabl e CN6s correction by antecedent runoff

Ant ecedent | Antecedent Moi ¢ CN Equation
Conditio (Blays befor
I Less tihnan CN. = 42CN,
' 10- 0.058(CN,
1 0 .t5a4 .iln CN,
L1 Abotel in _ 23N,
" 10+0.13CN,
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water sh

edent moi sture conditions (AMC)
used in this study. This is beca

ed& atse fsicrechatrheo VWwomrstbri dge scour

cali bration process was conducted in th

propos
s and a
e proce
ta col |l
me ser.i
e progr
eat e mo
e goal
acsory,
l ues ar
alyses,

ocess d

ed whyi cFhe | adrmea nb a(s2e0d0 0gn t he sear ch
re illustrated bel ow.

Sss starts with data collection,
ectiona umorf fi motden cse ,r erqasii mfealrlai
es. Routing models require inflo
am uses initial parameter esti ma
dels for watershed runoff hydrog
is to compare the model's fit wi
the program adjusts the paramet
e reported when the fit is sati s
such as runpif § A soleo wso utth en gc acl oi nmbpri

i agrHM® .used by HEC
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2. 2Hydraulicsstmoa®&mpshfand velocity calcul ati
Hydraulic models are simplified representat.
sedi mendt t he aRmbspbh2Oée)}Hyalr.aul isc mpddeflisc aari eo
of reapdr obyi de accurate solutions to basic <c
correecanyervation of ener hosmamedehndamemeast
pur poses, i ncluding quick answetrisme dmeadélliemdg
and predicti ng (Bdraunm noerr |eefvhead ef,aill@u2r@a ny such m
FLQD, TUFLORABECanadD)SHRbut this thesAiSs was f
as this was the one used in the research.
Brunner aHHBECCE(2MR20) illustrate that the
RAS) devel oped by the Hydrologic Engineerin
Engineers is a softwarveartiooouls dheysdirganueld cf oarn aclo
users to perform cadil nansaitomals gted adye df It @w omye
one a+fud mewasi onal unsteady fl ow-RASY efra diyldirtaautl «

the modeling ofangdedioment tbransygoasimemd yfi nl Ibot

‘N

unsteady flow scenari os. Further mor e, t he
temperature and provides capabilities for ge

relation to nutrient fate and transport.

2.2Gdverning Equations 1D vs 2D model s
Brunner aHEC CE2 GVR®G b bgeocveer ni ng principles t

flow of waaee coasd ntelméangconser vati on of momer

are theoretically described as partial di ffe

the derivation of unsteady fl ow equations 1in



as shall ow whhesge egusau mptnisans include the as
as an incompressible fluid, the pressure di
vertical acceleration can be considered negl
10%) ,botumedary friction can be accounted for
Manning's equation for steady fl ows, and t he

di sregarding forces resulting from variation

On-Bi mensi onal Equations (1D)

Brunner et alt hdd OR®dNt iidll usitfrfaeareéd dt i al e
continuity and momentum equati onsSEwiutah i roens pe
5an@land the symbolmnd smalss consearschioiwoan i @qu a
FiglTRrose eamgmuatomliny ,f oandlD Hdroewsi s a variatio
are presented in the next page.

Water Surface

//

Ground Surface

z

‘ i y Datum z=0
X

1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1

(xy)
Fi g@8r eSy mb alEgsu autsi eodnost idood masnnser Baunoer (et al ., 2
et e ®)
To T
10 ,10..10 . o w o ©)



Wher e:

u = velocity in the x direction

h = depth of water

g = gravity

t = ti me

x = distance in the direction of flow (x pl a
g = Lateral infl ow term (source/ sink)

S= Bed sl ope
S= Friction slope, from Manningbés equation.
SS= added Momoe Meoesme(

Tw®i mensi onal Equations (2D)

Brunner eptr eashe.nvtése 6 2 @b i onfe ntedn mtniachadl |lyat er al |

avercogd i bquuaam@hander t aver bgmramtEiqgua®admn

l1Pandat ewvalrlaMeme ntEugru a(l ilaonni 29 an wbetten i n par
di fferenti al equation form, withasespeshown
bel ow.
rores 1 (7)
To To 1o
B (8)
o T
ToToTO.‘g%;O‘TOTo (©)
—, O0—. U— 0 — — w06 "Q
To Tw T ow w Tw ! w
Tu,roru.‘g%"o‘roro%,‘, (10
—, O—. UL— .0 — — wu Q0
To T w 1T w w T w T w



To To YTa To "To " Te "1ad

pr o . r%;o (12
"1 G G

TTY67\; Yo 1Y ,‘;6’06T69T6+ prot 13

Wher e:

v = velocity in the y direction

y = distance in the | ateral direction (y pl a
H = water surface elevation (z + Depth)

vi= horizontal eddy viscosity coefficient

= bottom friction coefficient

f = Coriolis parameter

U = | aterally averaged velocity in x directd.i
W = | aterally averaged velocity in z directi
B = width

P = |l aterally averaged pressure

txdx= turbulent stresses in the xx, and xz di:
g = | ateral inflow per wunit vol ume

2.21D2 and 2D Hydraulics models, assumptions a

Robinson et alhat 2M1Modentsi dmve some adva
in certain applications. For instance, 1D me
require fewer resources compared to their 2D
simplifiedorfepmroenypd retxa tsiysrn e ms , making them es

However, 1D models have inherent assumptions



A Flow diffecwampat fiploiwt s

A Spacing between cross sections

A Il neffectiveflfdw wc amterasc tathaaf fanki edkipan si on

A Boundary amddridgugpmmsess parameters

A Channel slope |limitation and gradually va
These assumptions can | ead to erroneous resu

On the other hand, 2D model s have distin

compared to 1D models, which are often negl e
those assumptions include

A Di mensional | imitations (no vertical vel oc

2D

r el

and flow turbul ence)

Boundary conditions in al/ open boundari e:
Wetting and drying | imitations (can vary
Tur bul ence accounting (internal moment um
result in unrealistic patterns)

| s swiembdel stability and converge.

Brunner edal ad . di(Rédrgpuetsdt i O plmetnwlesna n d
unsteady Ifd otwhenoden t-RAg®S md ddalh,e tHEeE i nf or m:
ates to major 1D and 2D unsteady fl ow mod

Water SurfaceThedmdien odii ft i #rs emocdees | Isi ecso mipru t

a single water surface elevation at each
uni que water surfaces for every cell/ face

varying based on the number of <cells used



A Fricti omnrlDo snsoedse | s , friction | osses ar e C

averaged fr)i cdy otnhe | dipet gr5ce bet ween cros

the friction sl opefadaccse adfsot teal calll lag e db watt

averaged over the celll because the direct
A Convevance Cahwvelyatmicens n 2D models is co
each cell face, while in 1D model s, cConve
Brunner et aakepGk@f£6)fhew area. This can
with the highest discrepancies found in s

A Contraction and |HmBx plabn snoodne | Llso s slecsssses due

expansion are determined by multiplying
while 2D models include pressure forces a

AlneffectivOuEl 6w AHH®admade| shatquire conve

sections, requiring "ineffective flow" ar
automatically, but turbulence modeling an

water velocity.

2. 2M&8del ing BritRliAgSes i n HEC

Brunner (20ba}-R&ABLIhaives four different way
through the bridges in 1D are: Energy Equat.
FHWA WSPRO met hod. This research makes a ¢
using 1D model sa,n dE MSIPRY HEeu datoida n

A Energy &duast iapmneibdérs a bridgeeatsi @annal tu

involves removing the area below the wate

to the points where the water meets the



met hod i ncorporates Manning's n values t
contraction and expansion coefficients to

A WSPRO meéfshad iterative sol uti on t hat c al

through a bridge by solving the energy eqg
sec(idpn t he appeotaghmwctbsshe energy bal anc
in steps front)bhehexctossecseocami onheubbiti doge
inside of the bridd®dd)atnstide ddwnshter dbam degre

endBU) utsda wupstreéaBgmd ftrhembjrugdtgeu@Bygtream

to the approach section (4). An il lustra
sections used for modeling | Bsgéd4asaed hrougt
Fighre

| |

FR. T

Fi gdreChannel Proddg tl ieo i (Bdouaanteis s nasnHIE CCE | 20R2 0 )



Similarl ywottdeféenent ways to model compu
i HEGRA2DI Create annB8ACRDwomner -dEd€, CBBWR2))
terrain mwodihf rpiadtdsedn on pigneerkEi ng. Center, 2023

A SADZonnedERAM as t ool t hat all ows t o mo d ¢

bridges and culverts inside of 2D flow ar
fl ow regi mes, from |l ow flow to pressure

going over the top ay. thheASiEsCdda whe ek t ark e
user input bridge data and modeling appr
curves for the bridge, just as it does f o
bri dgeds c wr voebst aarne auswead etr sur face diff et
each set of cells being used to model the
equated to a force. That force is distri

moment um eqlthatsiean offorceddcs spanning the b



of calculating friction forces, pressur e
forces ar e obbrtiadignee dc ufrrvoens .t hTfehen t he 2D equU
are normally solved .aBrangecedkELf @EPWRN t

A 2Dlerrain nwidtihf ircaalosnendhepi @i ®rs in bridges

el evati eRPASi,mnaMHELCse the Terrain Modificat:i
i mprove the terrain by adding channel i nf
road) , adding features that i mpede fl ow (
terrain elevatinenareThden2besglatidoas t he

face in the modleHy.drtoheo g2ix eEgnugaitniecenrsi ng Cen

2.3Bridgec&kowulrations

Bri dge tshcee s urhd dsioffi cati ons to water flow p
constrictiiomsr eadheé cwa(chRinc hairr dud @ heetereehale,e 1 9 9 3
maicnomponenttshe total Lesgeuamggirnadhardiedggneasdcatdi o n
contraction scour at the ©bri dg(eRiacnhdarldesomanl as

Davis, 200k componkelteware described

A Aggradation and-tdeegr adhdataigen ad meo hlhaefgt he s
affecting the river section where the bri
of eroded materi al upstream of the bridge
and contributes to overall scour.

A Contraction scours occur when a bridge's
often during flood events. This can cause

stresses, potentially |l eading to erosion.



A Local scour is a phenomenon that occurs ¢
spur, or embankment and causes sedi ment r

flowstructing objects.

2. PaX¥ameters rel ateesdt itnoatBrsi dge Scour

Critical shear stress refers to the minim
cohesionless soils. In other words, it is th
and move. Understanding theecrtthebpssbeaers
stability of the soil and its resistance to
the critical shear stress, erosion will occu
critical shemar wis tprl eascaek. e nAor 2e@rpddeanfi icente salabear st

the force per unit area appl i &d utad Btbhhoewsc hann
the definition of shear stress.
t 0 818Y8Y (13)
Wher e:
UDesign she#%rN/sm2r)ess, | b/ ft

Kh= Bend coefficient (di mensionl ess)

- Bnit weight® of water, | Db/ ft

R = Hydraulic radius (area divided by wetted

S= Sl ope of the energy grade | ine, ft/ft (m/
Anot her i mpor thaent i tpiac almkevied ot e | owest ve

required to begin sedi ment transport and ero
critical vel ocity, sedi ment particles from

(Ri chardson and Davis, 2001).



Considering these factors, bridge scour c:
l' i mited to sEd) mehén mbheomwater i's clear, w h
movement of sediment in the bedreofesdhmemtppr o

motiion t he approach flow. Wmrd)dr <ddciamemtatreem

stationary in the bed of the approach channe!
to the critical bed shear strebBandgqgunded FD
bed cond«tVpnstiié&re i s a generalized movemen

hi gher bed shear stress exceeding the critic

I n addition, there is another i mportant p:é
et (1a919.9) found that the erosion rate in scour
the soil and water temperatures, the chemica
content, the plasticity 1indexeart hset rseaiglt huy n iati

average grain (30)d.e smitauda wagtg Giplda t rel ated

critical shear stress with sblhrem)pawittihc | teh eg rcari
shear s?HTédss h@Eped graph also illustrates tha
threshol dgrafnedassel s, whil e particle size
t hreshofgdaoheTlhissseidfsf.ect i s due Qo at medcdhe®i
silt and c¢clay) spils (Anerson et al ., 2012
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Usually, in scour analysis, we assume t hat
e soil can involve multiple I ayers with c¢h:
rr this situation, a multilagver 204alFysBsi aa
11). This type of analysis assumes differe

i cknesskEacliyl ayer, wsphiocan hbaes rae mad vidde rfeart fD

nstant velpeittgdvhemi npeexcewerdsdaea mtehtt e c kne

' 1 owi ng | ayied, iear oidnivnog vietds (tYhi ckness duri
otechni cal borings provide the necessary s
ze, and D50 for each stratum required for
mmon eismveolsoil s, where the erosion rate of

me and sevéralkr Ebao)dittedésntismpoOlr2 ant t o men:
met hod t hat t heirne tihse aD5I0a ragreo uwar itahbei | d rt o

ratigraphic profile that influences in a s



2. Practuicddl ignes for scour calcul ations

There are sever al reference documents rel ate

T HEC 18 Evalwuating Scdduwr deatc uBmreindg ess¢ a(t 20 1o%)
practice for the design,cevailaali bnjdgetd
policy and regulatory basi$®ated ethal F&WAC

devel oping Plans of Acteisamgn( P@Ad)o,sopdyn t(

existing bridges), and a secti OAnensocontr
et al ., 2012)

T HEC 20 Stream Stability Tati sHidgplctwane n$t rclom
recommendati ons for identifying stream |

Crossings20 TrmeenuHhHC di scusses geomor phic a
i nfluence stream sbhtyatbep | @a1yalaynwgdi sgstse@lgmi gsut
stream st gHhialgiatsysei ®suad.., 2012).

1 HEC 23 Bri dge Scour and Stream Il nstabil

Selection and De¥$hgnobpedanve 60200B)s doc

and provide design principles for mitigat
observed in the practices adopted by dif:
(DOTs) within (tttag adrsiet @ed @Attat e 009) .

T HDS 7 Hydraulic Desi ginhiocf gSafdea nBrei dogeosv i (dz&

i nformation and recommendati ons on bri dge
constructed to be as safe as feasibl e wh
property and the environmenbveéewos ar eng mli antu o

i ssues, specialized methodol ogies for bri



selection, the effects of bridge design o

trancEpevenbergen et al. 2012).

T Observation method for existman(@2ndylr3f)dg es e

This method uses charts that extrapol ate
bridge to obtain the scour depth correspoc

was designed teorberusasdeasmantfiirstconjun

brged i n sppreocgi(ribboomeduda |l ( G@Wildgsamy et al , 20
This research is focused on HEC 18: Evaluat
and most specifically on pier scour <calcul
usi n @b g éhrevMettihoondc ofuorr ( Govi dasamy et tad , 201

compare results.

2. 3WBr-€aseour scenario

Sharp etdascri(lR&®2tlwo defciansie i oncsu rf os c e nhaer
creatkRHIWAby whi ch recommeynwdad &haarbédx coefedhh@
di scharges as the scour design flood and sc
AASHTO LRFD, whkisc h hmaecageei sworusrt dept h may no
hi ghest flow rate that the scour dmandn fl oo
Qoevents). As a result, the scour de&diagn f 1l o
Qoo resulting in increased scour at the brid

that discharge to be used as the scour desig

Qo6 reates-cabe wecostr depth at the bridge, it
flood. Another way to put it i s-ctalset stchhaurs dmw
al | floods wupiobo and including Q



The FHWA included riskbased approaches in their bridge program goals, including
the scour program, in a recommendation to the United States Congress in 2010. This analysis
addresses the significance of the structure, the need for reliable crossing®, ecwhomic
effects of a collapse. All bridges used to be planned for scour usfid@d events, then
doublechecked using €o, before the advent of ridkased approaches. The recommended
minimum scour design and check flood frequencies based on utigddesign flood
frequencieslefined by FHWA in HEEL8 (Anderson et al2012)are shown irT a b2l e

Tab2ydraulic desigmscosicoudrsdgsni gmearkd fl|l ood f

Hydraulic d Scour desi| Scour desigr
Frequency Frequency Frequency
Qio Q25 Qs o
Q25 Qs o Qio0
Qs 0 Qioo Q200
Qio0 Q200 Qsoo0
Briaudal . (2011) proposed a methodol ogy t
soil s. This method allows the user to predi
met hod i s based on two parameters: the maxi mt

Those methods require determining the scour
di scharge values. I n addition, Briaud et al
daily discharges based on gftocbackp®oorpgeddpcewvo
of possible scour depths in the future. To c:
that the hydrograph was model ed as a stochas:
di stribuouoi mal X | @agd t hef Ifouw uase tdhae | egx psadmreematm al
di stributed variable. At the same time, Bri al

oni10@ndsotQh at utilized the cumul ative density



di stribution oifoam®@dse@al waltewl aatte @ai ly strea
i mportant to mention that these methods are
This study is based on the premise that t

with an exceedance -probaebulfntpeonofod% or a 10

23 .P3i er scour

Pier scour is a type of local scour and occurs around individual bridge piers and
abutments. Downward flow is induced at the upstream end of bridge piers, leading to very
localized erosion in the direct vicinitgf the structure (Hamill, 1999). This research is
focused on pier scour comparison, so more emphasis will be placed on this type of scour. To
contextualize the phenomenon of pier scours, it is important to describe the flow field on a
single pier. Pier saos are caused by resulting vortices indubgdhe objects obstructing
the flow. In this process, the downward flow is induced at the upstream of the bridge pier
leading to a localize erosion in the vicinity of the structure; horseshoes vortices are then
created at the base of the pier due to tdeeleration of the flow around the nose of the pier
and the subsequefibw movement at the edge of the scour hBleally, wake vortices are

created when the flow at the side of the pier is separated (Prendergast and Gavin 2014).



Bridge pier

N ]

)Z/\_/
Downﬂo%

Wake vortices

Scour hole

Horseshoe vortices

Figure 7. Flow around a singlepier (Prendergast and Gavin, 2014

Despite the | ack of field dat a, | ocal sco
the | ab. Most studies have been conducted on
Sheppard, (1999) ; Mel vill e and Col emad (2000C

Sheppard and Renna (2010) and Anerson et al

such as Jones and Sheppard (2000), Salim an
(2001) , and some in cohed®i0B@klImatesd adtscadaar Be
bed as Lagasse et. al ., (2012). Al so, there

Observation Method for scour (Govindasamy et
18 <calculations (Anerson ethoad .for20sd@qurandCcC
(Govindasamy et al ., 2013) ., for t hat reasao

bel ow.



2. .4HE€18 equations for pier scour

Liu @®palmlmd Chang aflddp2enmdpewvedhstudi es in
state university when describes the physical
of contraction and | ocal scour ; and prepared
into the studWweobmemenl,oddloseceymuapg i on produ.
as Colorado State University Equations. Thos
conduct ed (1b9yh OEL m@mOPpamd ChabeEngel di nger (195

Studies performed by Jones (TRB, 1983) sh
Equation (G3) comnwsEorseat d respieaviteil fooopre dl osccad u rp.i er
Using the recommendations from this study, t
the interim procedures that came wWil?h8the FI

The CSU equation was also recommended, wi
HE@Q 8.n addition, studies conducted by Muell er
fid measurements and-18o0f€ISWdeckqulaat onhhevaBbEG@
design because it rarely underestimated meas
the actbBafg8islelowsgt.rates the comparison of sco

ratios (yl/a) according with Jones (TRB, 1983



Fr=0.3
5 -
£
-
= 41
3
¥s £ 3l
2 2% Mewile 8 ,L;'h"éie%
3 Sutherland /4S80 22 A T ]
e \ ST ~CJain & Fische
2’3 g = - Bruesers

v/a (Flow Deoth/Pier Width)

Fi g8reCompari son of scourepdduataitoms f(ogr ayaraicazmlra
(TRB, 1983)

The HBCpier scour equation (based on the CSU
bed anwatcdreapi er scourFiign@sdemiwess itdrnel ePsise rs osiclost

accordinlgdhmned HEEL egeaperCbhnvEdswasithodwme ri non et .
2012)

anfiow ¥

Vv Y1 Downflow

Fi go.r ePi er s ¢Aonuerr ssokneatlyOhl 2




810 0 0 8 0 (14)

& e

&

wher e:

ys= Scour depth (ft)

yi= Fl ow depth directly upstream of the pier
KiKcandkaKe correction factors for pier nose s
bed comaespge otnhi vel y.

a = Pier width (ft)

L Length of pier (ft)

Fr= Froude Number direct (yyupstream of the pi

Vi= Mean velocity of flow directly upstream o

g = Acceleratio®m of gravity (32.2 ft/s
Anerson et al ., 2012 defines as a rule of
round nose piers aligned with the flow i s:

ysO 2.4 times the pier width (a) for Fr O 0.8

ysO 3.0 times the pier width (a) for Fr > 0.8

2.50bservation method for scour (OMS)

OMSpresbéBtracaud et al. (200%@pyvi Bdaaadyeetahl
i's a met hodf Uteucoceus Didreagtt ihe gwintgh ds p edsgiefsec er os i
testing. I't waerdevehepedsment forsbridge in
Texas Department of Transportation (TxDOT).

bridges to deter mi ned sfcuadwrr ed efpltoho df cerveat s p dd



obtained from scour dtelpath odlsareathensutuonde c
( Z&Z mot)o hfeu tweleoci tiywiMgat i o (V

Govi ndasamye&pltaH@WS( 2n0als3 )f our mewhtilhdo!l ogi
arelObserve the maxi mbmi @Pedrr de mteh tfde wma & i mi
velocity theubbrjiecgeedhaso lmeehB Désdemphbéefeacou
a future f#ludad eudbmp aB8e tsitcowoufrutdierpge h t o t he
(thr eschomdrd)dept h dfhet e sfcoumpdatoinomf t hose me
shown :bel ow

(1IMaxi mum Observef)T®d csuireddtegeitrhed Zdi rect |l y f

bridge inspection reports and other recor ds

(2Det ermine the maximum flow velocity the

constrwgTooes(narad e donsequdmretrley ar¥ two pos

depending on whether there islflowowadat av
availabl e, after obtaining annual i nstant :
somewher e near by, a fi Ispoeordf of me g u esneceyk i aga lt
corresponding tepetke fsewé @aBlhd fhantb@&rte b e

determined, as the maxi mum deserved peak f
of the bridge gomonstrbetdener Mheerd &s t he ma
fl ow that has occurred at the station since
fldata i s notanadvuei stabbe,i Yferred from fl ow
bybevel oping maps of historical fl ow recurrtr
flow observedmptanhtdebprittdger e Ré&aQidd/@xhi p bet

Al ternativel ynd VMiclaen et idnedteadni Vingf duulsy ngonver



hydrolamglydabhul i ¢ HEOGEHMS &lEd@RMA Sag Brunner , 202
TAMBELOW (Briaud et al ., 2009)

(3Determine scour dé&phth 6fbeparéguiures fibed

rel aldet @ {WoBr i aud eGoal ndagamy wehtiicenl t uyr 201 3
obeysethei onsBgpakkhomwn i n

) W Qw Tw (15

(4Qompare tshceoufrutduerpee h t o the all owable (¢t

foundadahi esrZsittepnow compared with dnR)esnalfl owa
Zfut i's |l ess thawcwods htdeslkhavea hmi birmalger ii sks
underrteagkuel ar monitoring, comnsiedemiesidker,i ntghef ubb nt

analysis Govindasamy et al. (2013).



3. METHODOLOGY

Peak rfalfaepgpr oac h andlé ptch ¢, eass wel |l as scour
conducted wusing a combination of hydr ol ogi cz¢
Al abama. The selection of t hese bridges W |
AASHTOWare Bridge Managetnemt isnofwlwiaah & \Be rivi):
i nspections that could have cas8sekdbyrsieddggreisf i c a
here were identified using twhe csha mmea tisdherrsteidofsi
Bridge I denti fi cTantei ome It dupngb eurs e(dBItNo) .per f or m t
mentioned i s scicwiidwhd cihntaor & oduerscri bed bel ow:

A Sisde s c rYiSpd tipoomva dersi ef description of the

of the sites where the bridges are situat
and the area of t he watershed associated

A Hydr olamalcSasl¢ si ondptavl desbout the input |

feed the hydrological model s, i ncluding s
as the digital terrain models, watershed
andimnkcer poroacteldee s . nput i nformation rel at e
of simulated event is also outlined, as w
the calibration process for sifiTéas st patr tha

al so includes the fi nHBMS ndo.d9%,| swhdiecvhe | ogprewde
foundation for estimating the input fl ow

A Hydraul i cSeAntailkopssiest s the parameters used

simulation of hydrRAUS i6c. Inio6d.e2l sa nuds i snogmeH EoCk
depending on the type of model, whether i

2D connection, 2 tarra).seAbdiiteirecradli loy, i



how sections and points were created for

t he salmemd dneel s .

A Bri8g€rml culaamtwimprag:Secnhs ontdhespriobesure f ol
for cal culating scour, considering the r
pr evd eataina@dn ,usi ny8t hsi MEKCarl y, the met hodol

scourOMSisn@l so described. Fi naaplewlo t he r e

avernegeaakculwagsdédn cesmparing scour , vel oci
among methodol ogi es. Additionall vy, the re
benchmadd&l |, whi2cbhe waai rn hm@wvd drilafiigdeasrss omg

HEGIMS esti mat es Tohfe pseea ke cftlioon of t hi s mod
is due to its advantages, considerations,
phenomenon with fewer assumptions and | im

ot hd sc unkreingtl.® roavsf | owcihsa rtirheebshiosdib| ogy .

BRIDGE SITE

HYDROLOGICAL ANALYSIS

[ K 2 1
Regression Equations | | Flood Frequency Analysis | | HEC-HMS (CN1,CNui, CNini) |
Ungauge Sites Gauge Sites l Ungauge Sites
Peak Flow or - -
Input Hydrograph <“| Model Calibration |
s
| HYDRAULIC ANALYSIS |
\
| HEC-RAS |
Y I Y
| Steady | | Unsteady |
y v
[ Modelip | [ Modelzp |
v J Y . I .
WS-PRO Energy 2D SA- connection Terrain Modification

[ ]
y

PIER SCOUR CALCULATIONS (HEC -18, OMS)

FigaDeMet hodol ogy Fl owchart



3. 1St ulliyt es
The four studied bridges are | ocated in the
identified using the saanmgdi AAS ThboOnwientrcld i ai rudifei d fe ¢
hydr aul iTch emogdeenlesr.a | |l ocation in the state of
I shoiwm
Figuxr e
A BrM No 015002. Little Double Bridges Cree
A BrM No 010738. Blue Creek and Meriwether
A BrM No 013310. Conecuh River and County R
A BrM No 007070. French Creek and CO RT No
The identifiers shown here are, as mentioned
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Data SIOENQAA U.S. Navy NGA.GEBCO |
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ertiedddrees i n

t he(Gobagtl e,2ddr3Ahabama



3. 1BrlM No 0i53Q0a02 Double FEouahggs ROrmeelo0&nd
The first bridge studied cosi & agbdnfdse, tCoo ubBirt M
near EnAlcalpoma&Ze® unt y Reotadtnidagosne dwii ttthl e Doubl e
BridgesTh@r evak er shed wmodemsescnh s imdele aftGimasmema o f
m laemstdisi geographical | i midxst amciéememi 82a888Aby
31.271A and eastern8bofg#B8BAuddYiAs abgidge f ham
particularity of rfetamwi nggauge USG&t i on, whi ch
02362RiI40LLA & | ustrates the bridge' skFsgh®eture

shows the USGS station and a screenshot of t

Lk

FigaPlleocati on of B.{Godoggel eNoEZaG)JZ&QmOZ




Fi

The

gaBWSGS stationi dol a@ad&@e MO fuSe®S 202 3)

b rsiudpgpeo rifsedinwietr medi at e square piers

Little Double Bridges Creek NR Enterprise, Al. -
02362240

25 de septiembre de 2022 - 25 de septiembre de 2023
Discharge, cubic feet per second
9.78 ft3/s - Oct 12, 2022 07:00:00 AM CDT

Nov 2022 Dec 2022 Jan 2023 Feb 2023 Mar 2023 Aor 2023 Mayv 2023

[IECEANE Data may be provisional

Current: — Approved — Provisional ~ Discontinued
Median: — 1985 -2022

al

gr

span of Bi7@® drdecheotvéh I e thweiedng e a |

an approxi mat e
configuration taken from Br M
< o= & = & <
110
100
90
EE—
80
70
60
a0 -
30
6.5 6.25 6 5.75 5.5 5.25 5 4.75 4.5 4.25
BRIDGE ID: 015002 — 1990 Original Ground (RT) L Pile

2.3 MILES EAST OF GOODMAN

LITTLE DOUBLE BRCS CK

COFFEE COUNTY

RIGHT SIDE OF THE BRIDGE

DATA SOURCE: RS-1607(105) PLANS

DRAW STATIONS FROM: 450 ft TO: 620.08 ft
STATION SCALE 30 ft:1 in ELEVATION SCALE 20 ft:1in

FigadBri dge

No O01500BA2SEHDOWager BO M3 n



3.1B2Mo 010738. Blue Creek and Meriwether Tr
The&cond Bridge, identi fi edMarmst gBanve rNyo . COulnot7y3 8
intersection of Blue Creek and the Meriwethe
ranging from 32.0007A to 32.86023ABBAQRBRRAt |
covering an area of aplpagioxg mahel|l ymal I58sts qwatr
studyhe bBbupgogetied with a span of 102 feet ar
piers alignedFigliheespnt 9ft heAlbga Rigtech@eocati o

il 1l ustrates t heexbtrriadcgiteds® HToOWYa rgeu rBart M o n

Figableocati on of B.{Godoggel eNoE2a®R M) 3 8



ABUT 1
PIER 2
PIER 3
ABUT 4

1 10.4 10.6 10.8 11 11.2

BRIDGE ID: 010738 = 1994 Original Ground (RT) L Pile

.2 MI E LAPINE FLASHER High Water
BLUE CREEK

MONTGOMERY COUNTY

RIGHT SIDE OF THE BRIDGE

DATA SOURCE: PLANS BR-5104 (103)

DRAW STATIONS FROM: 997 ft TO: 1099 ft

STATION SCALE 20 ft:1 in ELEVATION SCALE 10 ft:1 in

FigabeBridgezT®waomfdlgurati on. SouMce: AASHTOWa

3.1BBM No 013310. Conecuh River and County R

The third bridge, identified asneBaroM Goos hednl 3 3
at ptonent of intersection of 't he waotneercsuhhe dRiavreer
i abo3ut9 squand msl ¢edhe | argebts omeumdarnihes @&t ¢

| ati tudes ranging from 31.7814A t &85327.111575A .
te86. 10%iA. bridpgpr dhaismatne | ength of 737 feet
i ntermedi mtfecpi éosr of them have | arger sect
ot her small er ones t haRi gartee sag li gynse dt h en bgrriodugoe

Al soFi gh&®8bdows the bridgesfrcomf ABHaAaOWaneeBt M



Fi gdafleocat. o»n of B.(dodoggel eN oEa@ 12 33 1

©
g W o owm o o N o o ~ e w ow m oo D
5 % x o x & % & = « « « x & £ @x @ & S
2 & & & & & & § & & & & d & @ @ 4 3
< & & & & & & & =& & & & & & & & & <«
310
300
—
260
=1 — - L L
44 43 42 41 10 39 38
BRIDGE ID: 013310 = 1984 Original Ground (LT) 1 Pile

SEC 25,T9N,R19E

CONECUH RIVER

PIKE COUNTY

LEFT SIDE OF THE BRIDGE

DATA SOURCE: PLANS RS-5511(101)

DRAW STATIONS FROM: 3694.38 ft TO: 4431.62 ft
STATION SCALE 100 ft:1 in ELEVATION SCALE 20 ft:1in

FigasBBri dge No 0133 {A0AScHTnNOGWagr uer aBt0i 31 .

3.1B4M No 007070. French Creek and CO RT No
The tfBorurdge Nios 00787 O&Co u ctlYdsreen pg@aDembeopoisnt
of inteFseothof@r etk alnhde COo tRall Neor.eig@2odurncdci s w
12s8umr Ebeosunded by | atitudes that range from

| ongi tudes -8r7an7g7i 780gA TtTdWiAe d geé h2 25 tf ewiht e e



rowster medigpaittesxir n gr oaurpdk towo floiumres Fi gL@®roups

depicts 8wahHi d2oéc&lt uethr ates the configuration

T 200m |

Figad®elLocaBriiodhg eo f N.¢G 0001g3 31l OEAG 2 3)

ABUT 1
PIER 2
PIER 3

PIER 4

PIER 5
—~ PIER 6

ABUT 7

IINIIIIIIIQMRRINIRRRR RN

v ‘ o}
837 4.25 845 84.75 8s 852
BRIDGE ID: 007070 — 96 Original Ground (RT) 1 Pile
1.5 MI NW JEFFERSON bR
FRENCH CREEK
MARENGO COUNTY ++ Unknown Elevation

RIGHT SIDE OF THE BRIDGE - UPSTREAM

DATA SOURCE: PLANS BHZ-4600(18)

DRAW STATIONS FROM: 8385 ft TO: 8610 ft

STATION SCALE 30 ft:1 in ELEVATION SCALE 10 ft:1 In

FigaoeBridge No 013310 configuration. Sour c:eé

3.2 Hydrol ngt kads

3. 2Régional Regr d RRi on Equation
For all the selected brdargreised pewutk (f Heaeodg &

Lee, ;A2n0dledr son, RRE2O0)akusnigngi nt o account the f|



to each bridge as il lustrated i n Section 2
characteristics of each watershed associ ated
analysis were three and are described bel ow:

i . Determine the wlttreegash®ta fagd erai ug itnlge bri dg

of anBOpBiIBpPps://stregdgmBRtass] Us.ghecagrany. ss /20

out this process, it is necessary to geneil
contributing to thdé&iRgdshHeORaidrets af sAmealenssit

report and the area, for an example water

> Basin Characteristics

Parameter Code Parameter Description Value Unit

I CONTDA Area that contributes flow to a point on a stream 1.042 square miles |

URBAN Percentage of basin with urban development 2.66 percent

FigldeArea extracted fdreomawBtiresr.asrhsetdat s f or

ii .Determine the flood regidp2M®@sepi gfioenad by
Each bridge was categorized based on its
regi on. Bridges No. 015002 and 010738 ar ¢
while bridges No. 007070 and 013310 are ¢

ii iTUsRRE foffl pdastkh t he area calcul ated in ste
urbani zation recommendations provided by

2020nNd considering -yar revaintn. period of 100

3.2FRood FKEryedumean ysi s (FFA)
For thosdafabat dged USGS svbceandinbtoreAdigtaluigre s
the context of t mp®itd@aneinftii o ns tthdayw, ointl yi or i d

equi pped wi t hT hae sptrroecaenst dguaeutgteb.hi s anal ysi s i s


https://streamstats.usgs.gov/ss/

i . Dowl omd]!| t i apnenakal st r eafndrl owheNatU& G & al

Wat el

| nf or mat i(hotnt pSsy:s/t/ewrat e r)d aft car. utahye I. Bpiotv e rnenfi s

22provamesxampl e

of t he

i nf or mat i

wi s hrfelaorw. dBlhhéhor matr et poh te

USGS 82362248 LITTLE DOUBLE BRIDGES CREEK NR ENTERPRISE, HAL.
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https://waterdata.usgs.gov/nwis

hyd
Ar c

El e

aGraph — a X
File Edit View Analysis (1%, 14,498) Help

100,000 T T T T T T T T T T T

10,000 |- -

Annual peak discharge, in cubic feet per second

1,000 |- 4
100 LL 1 1 L L1 1 1 L1 1 1 1 1
99.5 98 95 90 75 60 40 20 10 5 1 0.2
Annual exceedance probability, in percent
Station - 02362240 LITTLE DOUBLE BRIDGES CREEK NR ENTERPRISE, AL.
EXPLANATION ANALY SIS INFO:
— Fitted frequency curve Peakfqv 7.3 run 7/15i2023 7:43:41 PM
—— PILF (LO) threshold B17B using Regional Skew option
—— Confidence limits: 5 percent lower, 95 percent upper 0.187 = Skew (G); 0.303 =Mean Sq Error (MSE sub G)
Gaged peak discharge Fixed at 265
0 Zeroes not displayed
1 Censored flows below PILF (LO) Threshold
0 Gaged peaks below PILF (LO) Threshold
Fig@BrResulted chart using the software F
Hgdrol ogi cal model s

I n orameal ytzoe al | t he watersheds associate
rol ogi cal model s -Wd® e4 d@ v ed o peaa MG mfdo rHE C
GI' S De.skAlolp tle xwat er sbadcuhatadtesi sggi USC
vati on Mbolde |Imet(lDEdVW)I.0gi cal steps for creat
cribed bel ow

Del i neate tflha watcens stinbgdde It o o | Slterl @ ennesatt et si

(https:/ /strednisRiaetss .lulslgaaw od b &hdEr@d@a 4i) n

shapefi $§lep nRaitg24de sptlhaeysanal yzed water sheds

StreamSt at s


https://streamstats.usgs.gov/ss/

(c) (d)
FigaddwWat er shed associatdd dwaets HBat M0el 50021 (b) Br N

No 010738 (c) BrM No 007070 (d) BrM 0

i i .Downl oad the DNnEMIi Map@atUsss! | Jr ., . & Willi
To perform this procedur e, it i s nec

(https://apps.nati onal smalpegtovi lewareadef / #

available informati on, and downl oad it. S
of sevetal cbDEapMeetequired informaguoer Rb&r

depicts thecobnEdMbcetuaprd!| y®urs Wwatrern hileeds.


https://apps.nationalmap.gov/downloader/#/

(d)
Figl@dbe DEMs waotrertshbkee dsi at ed with (tahe By dNot ed |

015002 (b) BrM No 010738 (c) BrM No 007071

i iiProcess the -BEMHMSIitmhge HEeCc o mimgh @ ani ngn s nd
Doa@0D%hprosdeasssoci attlreed owvatcht mebht eam def i n
based on fl ow dir édttidpins amrdoseaecscsuarpue farhd @ nf. ¢
the watersheds.

i v.Define the watershedophadacactserdi sDtEM su su snig

GeoHMS wusing phepaguedebyned emi ng and Do



characteristiclsemgteh,r ediaterd dmd rbhasirn sl o
l ongépw@t h.

Define the hydrological -HMS hiord st gromsb eo fsilr
transformations, base fl ow, and routing

specify the required parameters for each
Typi calneyt,hadsesheave di fferent parameters a
specific case, the Natur al Resources Cons
a |l oss method. A sf udeltye rcnoimpeods ibtye uGN ng geo

in ArcGl Qr=aG@.imn,g idmmtteme from the National L

( Dewi t z, J. and U. S. Geol ogi cal Survey
Database (Soill Survey Staff, NRCS, USDA ~
values for other i nand ;agdNamei aatl sroe oddad rati enretd
illustrates the | and coverage for the ana
.Extract the rainfall from Atlas 14 (Peri c:

necessary-HM8. run HEE€se specific simulatiol
met hod, the SCS dimensionless synthetic h
eah of -btahsel nssub The base flow value was not
processes, such as eaeeapgporcaotnisormeosrdr eaclydrn g

simul at i onbsa swed eanedv etnhtus not continuous.



NLCD_Land
M Open Water
[ Developed, Open Space

@ Developed, Low Intensity

M Developed, Medium Intensity
I Deciduous Forest

M Evergreen Forest

3 Mixed Forest

[ Shrub/Scrub

1 Herbaceous

[ Hay/Pasture

1 Woody Wetlands

[ Emergent Herbaceous Wetlands

(c) (d)
Figa@bleand covépobprvaheewanalrgheds rel ated with tF
BrM No 015002 (b) BrM No 010738 (c¢c) BrM No

viiExport t HEGMIAred mtGeEOCHMSEB!1 | owi ng t he recomm
bY FIl eming andéi Doare, 220 8 écprwesa tHéhdl MBno d e | s
vii Run the modeahe aundpus &Esheyrda gpsgagalp etsp ond

CNor nor mal antceocneddietnitonnso.i st ur e



i Xx.Create fmddel antecedent mo & 8 ¢ uavett eccoendde ntti o
moi st ur e CiNotnadkiitngonasss a reference the model
using the equations f fbami hablbel b nfgormge d oh
hydrol ogi cal model s.

X. Run the moaed s@RNor olctld d nh totut pault hsy dfiroorgr apt

each watershed.

[ Basin Model ILDBC V4] Current Run Precipitation] | — | =) [l

d)
(c) (
FigaiModel s creaddtMSdoti nt MH&Cwat er s he dosr i adsgsecsc i(aat)e d

Br M No O bBrOM ZNDO { 2Br M No @O0B/rOM 00 1(3310



3.2H4%drol ogical Calibration

FoBri dge No 0 1t50e) 2si tueB GBfhAs it ad li iomr.at i on ef f
perfor melEGHNSE mo di®li ng an immotnetrhvsa,l ao(fs @lébn g a L
Figayweas deployed and wutilized to coddteaxat anc
was utilized when combined with the stream f
statesnabl i sh t heelcaaliivited ayteifsatmiicoifg eaaccur red on
18,02nwh,i ch had & ofetShwe s i lorwaatsi ocno npdruoccteesds t a
i nto accecommerbdyath eflrddatn@ i w@wibngecti ve functi

percent eanm@g(adnppeas&katubdde2c.Bbfont hi s document .

FingBFéan dgeapgleo y e d in Bridge BrM No 015002

3. 3Hydr amdd eclaipmg oaches

Four diffemedéebhpbpdoaaohes were employed in
the velocity in the proximity of the bridge.
consistently applied at the same | ocations a
t he armmanoy sliDs .st eiadywhmiodled saes gwer er sdoges at ed

HEQRAS 6.1/ 6. 2, one using WSPRO (Arneson and



ergy EquatiomruBmwenn eard, B CIAEBIBYRMI( | ar | y, t wo

unsteady models were tested wusing different
conne(cBrnwmner @ammdalt he 2@2Z0Gnd using a terrair
pi eHysdr(ol ogi ¢ Enginébesrgm@Gdprt erai med3to anal
the bridge structure on flow patterns and wa
Courant number method, as descri betdabyoBrahe
the 2D models to ensure acculrthaet enaxn dnua ELolua &
number used was 2.Dhiasrdmethleo dni ad¢ enawunn t0s 5f. or t |
grid spacing to maintain stBbcthus-RA8SEBGsavoi d
an i mplicit solution scheme, courm@aitnthaimbea s
stable and accurate solution (Brunner et al
Three types of geometries were created fo
corresponds to geometry used for the 1D model
the diffierémeeblrayge modeling approach and t
met hod used to solve energy | ossds alRAr2mes on
The seteggmwmdresponds ctomntemérd8 A hteyDptehd & dr ai n
modi fications Twiet mesdai Seod pihersgs.t ypethbé BAdEe
connection, but it was di stctrlee | Bpipdgneaiced fainde
piers. Typically, cell values equal to or sm
variation in velocity between adjacent cell s



mo d

and

Bel anper esé he met hsedépegicoalst ructing the hy

el s.

. Downl oad the t-BMlappéen -BASTMHgeCRASyi t al El ev;

Model s used for Wwegde aul darr edbodaflt ®libiealb n a

x ¥t@3.28 ft x 3.28 ft)

Draw the 1D geacmetomys)( omrodD geometry acc:

model to be modeled (Define grid, grid si

necessary breaklines).

iDefine the bridge sectdomndaomtri db fmord ed 3 ma

this type of connection or modify the ter

.Define boundary conditions (BaseddMSon i npu

ti md ep, and computational i ntervtahe and o
modeTlThe boecoddityy minsalfloyr wsnhesdt eady fl ow w
hydr ogr aph nuoprsntarle adne pathhd downstr eam.

Run eacbhr iodfge hneo ded s inmggRaAp® C(oVASCPIR O, Energy,

SA connecti on, 2D terrain modification wi

( RRE,, GNW QN

.Veri fy warnings, errors, and results.

The fotHdliswusgi morpr deithdeettlsgddlad st eps abo

I 1| wetormettasy tofe t he modedamsaluszad flonri ceqed.



3.3B_LM No 015002. Little Double Bridges Cree

This section displays the geometry for tt
BrM N®b.OO0MBEi ch i s Cocmntty dRoakcct& §6$s 1 e Doubl e Br
CreékglfBea) Famd Bgeb) di splay the geometry <cre:
( WSPRO and Energy) and t he Ab shodg3d &)y oslsow® ct

the 2D gePimpd@dy) asilows the SA 2D connecti on.
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Si mi IFargl8yi(eey h otwlsseet of 16 piers t D&M wer e
representemniai iler aiiDe ena nkgb ige®irsb ) i lal ubsrtirdagtee scr o s

section with four columns caused by the modi

Terrain Profile Plot
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FigB8dleerrain modificasion with raised pier

3.3BeMo 010738. Bl ue Creek and Meri wet her Tr

The geometries for the BryidBBmdéilloi. c 0h6d8&8Bs
which crosses the Blue Creek andFiMedriievlet her
andi g@&d& ) s hgoewo ntehiey devel oped for the bridg
model s (WSPROiandh&n Anddgy )i gidleddye,pi c2tD t he

geomahkdiyg3 &A 2D connection
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FigBRe Geometry

(a)
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3.3BBi Bg&M No CbhBB8EOh River and CR 2243

I n this part, the geometries for the hydr
013310, which intersects the Coneclurh tRhiver ;
subsekitg®bBiea) show tdheev ed opre&dDrfyoadetlhse ( WSPRO
Eneragnli g8 ét)he bri dge Addos shoiagaBc@ & p ngltehpei c t

2D geomdéetigp@and SA 2D connecti on.
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3.3B4Mo 007070. French Creek and CO RT No 62

Thgeometric details of the hydraulic mod:

007070, which is over County Road 2243 and i



I mhis sEkbhg@8t@)ondi splays the geometry createi
and Ener gryi)g,88whh) | provides an il | usdataitdam.n o
FurtheRingBrde@a) showcases thiegDbdbpedembnytrands:

SA 2D connecti on.
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Terrain Profile Plot
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station [m]

(a) ) (b)

FigdDeTerrain modification with raised

3.4Scour Calcul ations

This section pr owed é daosl soogwyie pv eed wwictorutr he al c u
for the four analyzed bri dgetswo Tpawnsheiscda lacruel::
scour cal cul atli8o nmeutshiondg atnhde sHEQir cal cul ati o

The methodol ogical steps for both methods ar

3.4PLer scour <calc-tBamebhedusi ng HEC

Thmet hodol ogi cal steps used to ple8r feoqgura tsicoonu,r

based on CSU (Anerson et al ., 2012) are outl

i . Extract andeveépthty -RRAaS u(eBse uf,nradr@ 2408 cChf o r
of the columns comprising the bridges, us
met hods ( WSPRO, Energy, 2D SA connecti on,
piers).

ii .Extract the directionsMapfpetrhdeByad@d®i0t)y ve
for each of the approximationamgti eod® and

the col umns.



201

iDefine KdlLu&K2,famd K3 factors for pier no

and bed condition, respectively (Anerson

.Esti mptae ttilted e dobtsrohielutfioorn edaitczhe D rnaeagessar

take Sampd @she r irvebgiee dc corfd uchéen abhy si ¢ yipe ©
| atbo obsbai n D

Per fcoarlntcul ati ondrfiadmg esgpanlgr &fq utad @ lm:e cltdi o nS e
2.33. (Anerson BsteHyadr.gul 2 @1 2T)osooll bvgex r du I3i ct o
cal cul ations (Bergendahl angdABRokesonToaDhb
was used | nRRAS abde coafusHREQ he bri dg-BAScour ¢
are based on the-l1BoyRtithadidsioonaofdl BECi s,
(2020) mentions that -RA8 bawvarnotal bekat mo
keep the changes that are -ligdhc(lArderdsaonm etth

2020) .

PRer scour cadMSul ations wusing
Thmet hodol ogy used to perform scour <cal cul
3) (Briaud etbalow: 2011) is described

Determine the maxixglimi obgalrvedi scdet er mi |

i nspections recorded in Br M, considering
compared to the current profile. Additio
identified, and its value is recorded.

.Cal cul ate 1 he arsd enlgr FTeANNOBIr iedud abas2dlbdhn

nearby stream gages and rain gages.



i i iObtai n Ouddecarsatai d uncti on of.Caheutvaatieorrt Bac e
Qmy f@Qousando RRE

i v.Estimate the ratio betwewpand et hma xmanuimmur
observedsst drouigthy tVie | oc.&bnwecttds raerdc e i nt
0 to®w using Manni negRASqUadtDi mnmr RBDJ

Esti mate future scour as a ratkhaodbéehween

maxi mum obs@g ved scour

3.5Comparison between scour results
Thapproasédeésto compare the different alte

flow used for scour calculationsi $hpoegédntvad

bel ow:

i . Direct compnd mriesownlttihsetadredt f er ent al ternativ
fl ow and swaosurc.onsi dered tHMS BheRABELRLr oach
2bwvi thi sedapitehs reference for compari son.

ii.Calculation of pedki sovaveeagerfespeosrcaosr:t
cal cul ated scour depth in one of the colu

al | col umnsedtni abiraodcgreo.ls e



4 . RESULTS
I n this chapter, the results of the diffe
used to calcul ate peak fl ow f ohy drhaulsiccoumo daen

for four bridges in Alabama are presented.

4. 1Hydr ol ogi cal Resul ts

The information provided below presents t
alternatives used to calculThesepahkef hawi vas
RRE, FFA, and hydrol ogical model s.

RRE valuegyetoreanethdOOwere calculated for t
| ocat ed,brusdigreg atshe he watershed outlet. The \
with the guidelines provided by (Hedgecock
results of the values obea®d eed using RRE are

Tab3drReak RBBEPOOYr r etuiwvmbdies the f buri doaresl yzed

BrM ID River Area (sgmi) Peald-low (cfs)
015002 Little Double Bridge<Creek 21.6 7,682
010738 Blue Creek 4.5 3,221
007070 French Creek 12.5 7,616
013310 Conecuh River 373.3 38,017

4. 1BLM No 015002. Little Double Bridges Cree
For t he BbMiDdg@®1500 2, which has &t &tSiGHn,stirte aw
per feairnm FFA Amall ywAyiesgr 8 of peakovteireamfl 86 dai
to 280 utilizing the 4 8LMEYesaorf tswtarrea nifel aokwk Qe v7
cal cwlbatagchi nd 43 5v®Dhicdg spésult is 89% |l onger t

RRE resul ts.



I n order to identify the cause of this di
occurred around the time when t henpeankasi nst a
found that the record correspohbdedateaTabppul
Enterprisaend ABraM aomthu0 y5dFQ2 1994. This situati c
recorded at USGS St aafiidbn uMdhradd 236m 2s4dmea scas e
cal cul ated wusing tRRE swmayy amo td | roer rcgasterrkitl at i on.

Using data collected from the ratnegmuge
fl dawt @acor d & GiSn Sttlae i on No. 02362240, par amet
for the Little Double Bridges Creek watershe
process was cldAMS$i«dmpong  ppcHBEIr mir zdé s cpheaalg e
( Equ @t i feoirg miefviebnatstehdat occurr ed Tohne Maprtcihmilz8a,t i2
resfudt smi nipnerzd exrgt t dadrérsocrh aLringtep efackrDoudbh ewm®Br i d g e

i Ri g4hedcompari son between the two ratsedtant

i Fi g2 the calibration process, the values

whileotphpemedd i cient foranmdhaminahdadge §1 oavr pl aaei
a si mpl exi zeaatcihebrs siiibm o f tAfet ewattelres heal.i br at i c
was found a difference in the peak flow disc

data correspwmide¢cmgi $ oed®i ¢d&lsefndr d eonta erarl aure ior
di s c hlahregpau.g pmersasmet er s adjusted during the ca
model s representing di fferent antecedent S C
associated with tdensgnethkaiomplde boti dgrea meniddge \
similar | and use characteristics, ur bani zat.

parameters served as references for developi



s i ti
Project:Project 4 Optimization Trial:Optimization 1

Start of Trial:  17mar.2022, 00:00
End of Trial:  20mar.2022, 23:45
Compute Time:18ene.2023, 20:08:40

Basin Model: dbcreekd
Meteorologic Model:dbcreekd

Statistic at Basin Element "Outlet10"

Goal: Minimization
Statistic: Percent Error In Peak Discharge
Start of Function:17mar.2022, 00:00

End of Function: 20mar.2022, 23:45

Value: 0.10
Volume Units: @ IN () ACRE-FT

Measure Smulated Observed Difference Percent

Difference

Volume (IN) 0.73 1.35 | -0.62 | -45.86
|Peak Flow (CFS) | 2060.5 2070.0 | 9.5 ‘ 0.5
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nor mal



restol tnsake it easier to compare the results

condiafifoencst ed the peak fl ow used for scour

hydrographs by water shenof sd auredicthi oGb a®N ant

CNiare presentTehce ivml gireo wpiis eGlReynd realu Ilbiud comput a

wer eperoftdromed hese cases mhaeantduweolid obves nviemiemu |
The outflover ppiyaels egirgpdhsnwa herasisodwii & the d

t hber i dgNoBOMS5002. TahBsdadavst t b ev,ap euaek bfolrd Ve aw h

hydrograph.
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TabdrReak fl ow for di fferant ioomidac BitBVMA 02 moabteusheEe

Peakflow AMC (cfs)
CN, CNui CNu
015002 | Little Double Bridges Creek 1,981 | 5,900 9,689

BrM ID River

The r esulRisg4s@ghedabdrienvae adi f f e, 7 @8@fbset we e 8
t he vadNumensd  gGfNwhi ch correspongertce Ad dditfi fomraéd
Iwasbserved that the , d@aé s1enats swe pcsasseamba irti Hoe C N
in the calcul ation of peak flows that were m

Wheoompar ipnega kt bfel otwh e RREa nvdi t(bN € NRKE
approxi3Bmét énliygherantdh &6 %CN o wé& 1 n twhhbegno @plar e d
RRENnd,  @Nt h FFA, &RRENiii50BOMer tHan thkEA. speci
case, due to heeker epmesemenrt oTropi cal Storm Al
values of RRE nor thoee @Nrtrlees powdredtis eu hien g
scenario recorded for this bridge. (Mewever,

antecedent moisture conuséeiiomst)heoaldhsdembee t dhfe

4. 1BeMo 010738. Blue Creek and Meriwether Tr
Similarl wsisge dant ieesecdieintmoi stweeeeanhddt i o

and model ed for t haes sBdwieatCerde eki twha t RTisdgee Br NV

outfl ow hydrogr aphs efscerhitghliésatdhaet predithe d | e

di fferent antecedent moilTabShee conditions are
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when the

t he RRE
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4. 1BBM No 013310. Conecuh River and County R
I n the same way, similar outfl owowgdrogr a
ConecuhusRitniger paeei ous soi l moi sture conditioc

preseirt gd miemtdhe peak fl ows associ aggrea@s avntténd t h

i mabbl e
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Fotrhi sTahbGseh,oavsdi f bee¥Belmeteween t he peak fl o
usi niganGdN GNand when these val CRE2a®B@®r eatmprar ed
than the RRE,20&MBd gthlee . CNn t his case, it is o

are cl oser to CN



Tab8 e Pelagw for BrM No. 007070 watershed using

condi tions.

Peakflow AMC (cfs)
CNi CNu CNui

13310 | Conecuh River| 13,072| 38,926 64,934

BrM ID River

4. 1B4M No 007070. French Creek and CO RT No

Finally, model s were constructed Nfoor the
007070 wunder different amhesedbntrsehgiwlnp meni at
Figeaideand the peak flows rel at edlawillteh t hose
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For ctahsiesblsehoavsdi fference 36. 8% between the i

CNand; GNand when these val CHAssaBéda %cobmwaredhw



RRE,

andi 4 h@% CINi gher . I n

t o I CIN

TabdRe atkl ow

for OBOW®ONer slbed

t h

condi.ti ons

i's case

using

di fferent ant

River

Peakflow AMC (cfs)

CNi CNy CNui
BrM ID
007070 French Creek 2,867 | 5,811 7,986
For ctalSliesb7llsehoavsdi fference 36.

usi niganGN GNand

t he

when

t hese

RRE,CNaindd. 8% ehi gher .

cl oseryito

4. 1SEmmary

CN

of

t he

As a summary

T ab8.

of

I n

t his

Hydrol ogi cal

8 %

bet ween th

case,

Resul

WRIFUIMiss a3 % cloonperr etdt

it i s

ts

t heT a R3gerletse nd ss d rhieb eodb t aab

flows for the hydrol ogical met hods
e Pela&kw using hydr ol eygri craelt unrond epl esr
bridges
Peakflow HEC-HMS estimates
BrM ID River RRE (cfs) Peakflow AMC (cfs)
CNi CNui CNu
015002 | Little Double Bridges Creek 7,682 1,981 | 5,900 9,689
010738 Blue Creek 3,221 1,849 | 2,756 3,202
007070 French Creek 7,616 2,867 | 5,811 7,986
013310 Conecuh River 38,017 13,072 38,926| 64,934

used.
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4. 2 HyWdr aRleisau |l t s

I n this section, the results of the four
obtain the velocity in the vichyndtgulojfctihedddl
12 Ipreirhgee constructed as a result of the cor
modelTihed t ernat esesmate peRRKE,f Ildaovwd,eriemd!| wmcht e«
moi sture coaddti)iGeNaeh (€0dmbinedbmwidde dimnddelriem
appr oacThheesse hydmadllibe MBdPReOl, s 1D Energy, 2D S/
and 2D terrain modi fi cianoidoenl wwatsh nroati sceodn spiideerr
anal ysis becausewaorrcsadied scatnhar epr e nerstcoar c al
ratleahder stand and visual i zei ft fheer i ddafefed 1 enrgc e s
appromahpaerse presented asa asrlexampl ddydsiohggas
t hhent ecedent soil moi sture condition CN

Typically, the results for fiaghr blsa dfgier satr
type correspontilerbbhegé omo d gl, magrsla p phreo ascehceosn d
correswanhes mdppept hsi nagp ptrhoek oshaénkeh st t ype of marg
velocity randes wem@acti agt eThhed eypd |lho caintdy vreel souc
ranges varied fwitbwchebbrcebpbgebrmrhsigades of b
green, medi um welangiet,i eagtdi etsi ygen Iwvoedda c iSi mi | ar |
ranges epe €s eadtioewg wat er depth values i-n green
orange, and hmade Avtaal au ersu lien, rtelde f i gures ar e
wher e: (a) lcDwsPBROpddEM&Er gyw Equati on, (c) 2D/ S.
(d) to 2D terrain modification with raised p

In addfi guamrd twebrleescr e 2l @edainfdae ke pash a

compar i epoanr aonfie ttehr s amongmd cheel idn o $teeq pvnid | abdr ld | dzge:



the differences blehteweteableeasc hs hapwrtolaEbdper cen:
velocity abet wedamh apmprtthabeehn cahgnaairnkstmodel i ng a
which is 2D terrain modification with raised

2019hequausénds those calcul atil@mid7are shown

3 R M..~~,AI\|6A‘I'I'@EimAA@OETA (1P
b $ E A£AOMIT TARP O AT T G AR T AEI%\pdTET[

7 AOARDDDE EA AR OET A 1y
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b $ EEEATOROASD OB

4. BrMo 015002. Little Double Bridges Creek &

Figasdhows t hmafwved oche ydi fferent bridge mo
Bridge BrM, Nwhédelxmn0az2r nattihwe ptea lamd lEouwidatsd
moi st ur e CNHN.dmdigteinoenrhael atpeprrnosa,c ht model s, 1D WSEF
Energy (b), |l ook very similar, conversely wi
at the bridgvbeent han®2ed models are compared
connection model (c) exhibits | ower velocitd.i

piers model (d) .



FigdiZeVel ocities for different brNodde 5MddRel i(mg
WSPRO (b) Energy (c) 2D/ SA connection (d) 2D t «

Fi gdBsehowsvetlhoecdi f feeaoabepi én according t
modelaippgesacshh dvienghi gher vel ocmddeRDn itrelrer aben
modi fication Wwfohl &veBillsedonpmd@ES8PRON and, ener gy
respechhipveerlcyennd lagei t y bdit fwfeeerne ntchees ble@ c bma ek ¢
appr @eavcahd e p e nodne @ g hr caapcph and t he metahkodf Itoow c all
Tab9shotwbBe velocity ctolmpabesohmbreikmwdiddds,

fingiemgent ag@e evdalgfefce rteyntchees bbeeml @hwgarmdgvd . 1 %



t@4.4d4d&cor di mpettho damgddhmi | aw

ma g n iutpuscter e am

Fi gdB¥&el occamp aerfsiogson he
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PIER No
A 2D_Terrain_Mod ™ 2D- SA Connection © 1D- Energy X 1D- WSPRO

3

2D SA

C (

bridge emoBeliidge Bp MOdAHOID 2

Tab9\el ocomyar i son bbeentcweneanr ki hneo d e | and other

mo d

di f ferent

alternati Bes®Bg®™® 04boO60Rkate pea

Method RRE CNy CNui
1D WSPRO 24% 17.7% 23.5%
1D Energy 24.1% 20.8% | 23.%%
2D Connection 21. 70 20.9% 23.5%
Si mi IFargldaygsehows t hat tama Wwdtoeerdpd @apnhf or
a) and

el s WSPRO (

Mo d glcs) whdgihspl ay

o nabi

mens i

onal

model s.

ap|
k f

t h o

1 Dc Emterr agnhyeddi) méarr sei ovrea ly

a broader

floodpl ain

and

de



Figd®eWater depth results for different bridge
015002. (a) WSPRO (b) Energy (c) 2D/ SA connectic
pisr
When 2Dhenodel s ar ¢ h®Ah 2¢gpan eex)h daase evat er
depuphst o & allmhiedge t han the 2D terrain modifice
which Inmemwensocities upskttresemem$ that brhegkel ow
bridge ent r&Aceonmecthieon2 Dmod e | (c), creating
t hat may epotsdretasdmpar tewdheetnlome nc h nfa2rk tneordreali n

modi fication whitdhhrdoesednept erspreskdy this b



Figbté so shows the results for the water dej
hi gh f esxA tchoenn2zelxti on and | ow for thes2D terra
Tabl®hows the water depth comparison betwee

percentage watderd f @ e g tticheea vimebreagylemar Kk r angi ng f

55.5% accordinilgn ttohiesachp eneitthioad .case, the neg
average water depth percentage is above the
10.50
9.50
[ [
¥ X 8.50

7.50

Velocity (fps)
]

A
" [ | A 6.50
X
A 5.50
A 4.50
3.50
5 4 3 2

PIER No

A 2D _Terrain_Mod m2D- SA Connection © 1D- Energy X 1D- WSPRO

FigboMat er fderptthhe di fferent bridge modeling apfy

Tabl®Water depth comparison between the benchmar k

approaches for different alternatives to cal

Method RRE CNy CNuy
1D WSPRO -11.606 | -18.90 | -27.9%
1D Energy -11.6% | -19.26 | -27.5%
2D Connection | -55.%% -42% -40.3%




4. BrM No 010738. Blue Creek and Meri wether T

Fighlsénows the results of velocities for t
for Bridge Br M No. 010738 lobveld oBi ufgorCelsmkt s (
modelWSPR®LOD (a) and energy (b) are al most ider
i D motdhedlisow si gni ficant differen€empaniwngl oc
the two 2D model s, i t-SAvacsondn sctoivenm emod énlat ( d

vel ooapsitegam (bluer) than the 2D terrain mod

(c) (d)
Figbdwel ocities results for different bridge mo
010738. (a) WSPRO (b) Energy (c) 2D/ SA connectic

piers

Figbbtsehotwwbee velocity differences in each

model ing approach, showing the higher veloci



SA connection, WSPRO Taanbdl dhroewisgy veft espéegt coelbp
bet ween the benchmark and the other met hod
di f f efrremmetshe benchmar k tthoatt hrea noglehddr%d% brbew eheord s

and &dWdwve the rateoedicegvibhueard g mtbiowisds i gn

cadentalaevervedecity i s above the benchmark
7.20
O
6.20 1
’g A
€ 5200
>
S
3 420
g .
3.20 % R
2.20
1.20
3 PIER No 2

A2D_Terrain_Mod  m2D- SA Connection ©1D- Energy X 1D- WSPRO

Figbe¥®¥el ocities for the dif fBeriedngte bBrriMiOgled 7n303d e |

Tabl®el ocity comparison between the benchmark 1

di fferent alternati BeM 0bD0¢aB8cul ate peak

Method RRE CNy CNu
1D WSPRO 50% 43.% 47%
1D Energy 50% 42.2% 47%

2D Connection 14.9% -1.8% 6.7%

Al sFd g ® b otwistalie watienrhed elfDt  model s, WSPRO ( a

(b), appears notably alike. When contrasting



connection (c) model, the floodplain exhibit
variations downstream, which areai menei exdlen
model s were compared, and it was found t hat
floodpl ain upstream of the bridge (with a ye
with raised piers modelThimddel wisri evth d mars bae harve
to the préBiroudgemdddd) Nwh bG®1L SoleGnZ)H ustrates she

water depths ampdrhiaghers.vel ocity

(c) W (d)
Figb6Bwat er depth for different bri dgeO&8(ed)i ng a
WSPRO (b) Enecownec)idb/ $A) 2D terrain modific

Furt heringobrdke, spl ays the results for water

maxi mum values in BaAterondepthohomntdhei BDmum



benchmar k. Once agadnmenhbeonrmal umedelf stihehawne
with water deptThlZrmeeihtisdantcioealari son of v
di fferent modeling approaches, indicating av
rel atoiotw® t he benchmar k, wWBEBdepamgeadngf oomt eb

met hod.

6.20
5.70
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4.70

*x 0

4.20

Water Depth (ft)

3.70
3.20

3 PIER No 2

A 2D_Terrain_Mod B 2D- SA Connection © 1D- Energy X 1D- WSPRO

Figoavat er fderptthhe di fferent bridge 1InDo7d3e8 i ng apy

TablZ2Vater depth comparison between the benchmar k

approaches for different alternatives to cal

Method RRE CNy CNu
1D WSPRO 14.9% 9.6% 11.9%
1D Energy 15.9% 11% 13.%0
2D Connection | 33.8% 25.8%0 32.7%0

4. BrM No 013310. Conecuh River and County RO
Similar analyses weBreMac.on@@lu23 2@ dwer Btrha
River. This rcoemphyydr amliliqgadspd mea h & s ¢ haanndn ea s

wi der f IFdgdbmpéelaoiwbe r esdulftfsera@matelse bled wmedel s



WSPRQ h(@esower velocityewal(@uacreaty & thireefbly) dge
appr edlidbeerijnhge hi ghest v dloamwidted@asmp atnioeng2 O h e
mo deilts bceanobs davedhec@Die(@@tehas higher vel oc
than the 2D terrain Mdigirfeiegngt | cw owii tnly radi ¢ dc
of the 1D models in comparison to the 2D mod

characteristics.

(b)

(c) (d)
FigbbeVel meci tdiidd erent bridge modeling approache

WSPRO (b) Energy (c) 2D/ SA connection (d) 2D t ¢

Figbbeshows the velocity differences in e;
model ing approach, showing a different beha
bridges. I n this bridge, the 1D energy has




























































































































































