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Contraction Scour Overview
 

• Types of contraction scour 

• Summary for how to compute contraction scour 

• Steps to compute contraction scour 

Image Source: Casey Kramer 
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Types of Contraction Scour
 

•	 Clear-water – No transport of bed material sediment from upstream. The area of 
the contracted section increases until the velocity of the flow is equal to the critical 
velocity of the bed material 

•	 Live-bed – Bed material from the riverbed upstream is transported into the 
crossing 

Image Source: Casey Kramer 

Live-bed 

Clear-water 
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Contraction Scour – Clear-water or Live-Bed
 

•	 Compare the average velocity (V1) and the critical 
velocity (Vc) for bed material transport at the 
approach section 

•	 If V1 > Vc  live-bed is most likely 

•	 If V1 < Vc  clear-water is most likely 

•	 Compute clear-water scour using the bed material 
gradation (D50) at the water crossing 

•	 Always compute contraction scour for live-bed and 
clear-water scour conditions 

Image Source: Casey Kramer 
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How to Compute Contraction Scour
 

•	 Approach Section location: 
•	 Upstream of where overbank flow is diverted into the 

main channel 

•	 Width represents the flow that would likely transport
sediment: 

–	 Toe to toe (of slopes) or between tops of banks 
–	 Field observations (e.g., sediment being 

mobilized, vegetation, etc.) 
–	 Critical velocity or shear for incipient motion 

•	 Avoid locally higher velocity locations, as they result in 
underestimating contraction scour Image Source: Casey Kramer 

Approach 
Section 

Slide 7
 



 

   

 
     

 

 

  
 

How to Compute Contraction Scour
 

•	 Contracted Section location: 
•	 Where flow is most contracted through the bridge 

•	 Width should be consistent with the approach section 
reference (i.e., toe to toe (of slopes) or between tops
of banks) 

•	 Width should exclude effective width of piers 

•	 Width needs to be adjusted for skew 
Image Source: Casey Kramer 

Contracted 
Section 
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Main Channel vs Overbank Contraction Scour
 

•	 If the main channel can migrate to either abutment, the main 
channel computed contraction scour is applied to the entire 
opening width 

•	 Main channel contraction scour is likely live-bed scour, but 
clear-water scour may occur 

•	 Overbank contraction scour is not common for most WSDOT 
fish passage projects. When it does occur, it is predominantly 
clear-water scour when channel is assessed to be stable and 
the overbanks are vegetated (i.e., secondary and relief 
structures) 

Image Source: Casey Kramer 
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Contraction Scour
 

•	 The following provides an example for computing contraction scour for a PHD 

•	 Key assumptions: 
•	 The structure type, size and location has not been determined 

•	 Contraction scour is determined at the selected contracted section location. 
• Per the WSDOT H_HD template other total scour tables may be 

necessary to perform scour analysis at appropriate locations 

•	 Channel profile and geometry is typical through the crossing, therefore flow 
depths are assumed to be uniform. 

• Applying depths of scour at locations other than the location of the 
selected contraction scour arc needs to be assessed carefully 
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Contraction Scour
 

•	 The hydraulic engineer of record determines appropriate total scour elevations 
that are commensurate with the site and acceptable level of risk in coordination 
with WSDOT 

•	 Ultimate goal is to determine scour elevations at each infrastructure component 
being designed. Coordination MUST happen with the project, geotechnical, and 
bridge and structures offices to determine appropriate scour elevations to be 
used for design as the design progresses 

•	 The intent of the next series of slides is to show an example for how contraction 
scour should be calculated but does not go into detail of all scenarios and 
analyses required to develop total scour. Completion of NHI Course 135046 and 
the FHWA scour workshop is required for more details on computing total scour 

Slide 11
 



 

~ SMS 13.2.14 (64-brt) • ['WSOOT_EXM\~sm,) 

~ r• Edit O!Sp,y Oil• Nodes Nodestr1ngs Eltments Window Hdp 

J d kl !.1 
.,;.l Q r;, ,h 

IJ ,i,. .j" i} +9 Da • 
tl&. 111 1:J -+' Y - l9 

=-,----------,, + .;?; :,· ~=--oa, Ci Ill ·.· 
D~ &i.q.Meltl .. : , 

s ra• - ·­
~z 
__ ,,, 

a 1t1 -_10<¥ 
l!J B_Sl,,,,_b_p.)12 

J!l-
11!1 Vol_JOogJt_pJ 

l3 Velod, 
JIIWater_Depw)Jl 
.1f1 Plq,oeed 100-r-wse ---- -_10<¥<:C --'~ ·--""' D __ is,,-

0 ::S "'""oa, D:0 ""'oa. 
0 GISD.,t, 

ra~-oa. 
lll l;l -o.i, 

0091000 
009:15:00 
00920«1 
00!>15«1 
OO!>JO«I 
009--35-<XI 
009'000 
009'5:00 
00950-00 
OC&.55-<XI 

.... ~ 

wWSDOT \ <s- ' 

- - --
. . 

0 X 

- .. 
Contraction Scour
 

Image Source: Casey Kramer 

Slide 12
 



 

~ F• Edrt O!Sp&,y 01t1 Nodes Nodtslring,s llUn«nts W,ndow Help 

.J r..:H ~ II 
j Q <;J h 

(J ~ .1f il~ . tfa • 
•~• l:J i' • Y ~ l9 

~----------" + .:. .... 
~~-0.U ct ... ·.· 

o •E,dca,g:·Mettl '-!I 
elil•---

~z 
__ i,, 

9 11 __ ,oo,, 

J!J,_,.,,..J>.J>.ft2 
.1!1-l!] Yei __ JU >., 

13 ,,.._, 
'EJW•er_Depd,_fl 
BPICJ)ONd100.r .. wse 

___ 
.. a __ ,oo,,a: 

11 __ ,o,. 

--'°" .. 11 -..15,,-
lil::m -o.u 

eo~""'°"" o::i ...... 
111-0 :::a ­

O!:I Ma-
o::a "°""""c.ndbon, 
O!I 1oc.,.....,.,,c--. 

s o.:a a-. ..... ..... 
11 ...... .... 

Tme•• 
00910-00 
00915:00 
00920-00 
009".25-<lO 
OOU0-00 
0093500 
009.&0-00 
00945-00 
009 50-00 
0~55-00 

' 

" 

-~--~~.n 

"' """"' li»<,de«u<h 
1().H,,dCl'OIIStctior-. -a....c---Cl2!!I 
CG,j-.. 

Loe«----.. a-. ..... ,......,._ 
""'°"" -­'°""'°"" -mu_!.~ 

c.--

- -- --.... ~ 

wWSDOT \ <s- ' 

D 

. . 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 13
 



 

~ file Ed t Otspt.y h i1ture ObJ«tS ~•l"do.,., Hetp 

:J i!Hl rj 
..) Q c;, ,h 

. o ...,s.- ·· Iio ·t • 
·~lll l:J -f (t )," .... l9 

~~----------" + ;I; ~ 
O"'- O: a;J r.' BIi~-°"' o~-..--ee•--­;zJ z 

-.n s .:a ........,_,oo,, 
"Ill ,_,.__ • .,,_., 
J!l--lll Vd_Mag_Jt_,,_. 
!Jil Vdocily 

J11W••-°"""JI 
Jll........,100-v .. wse 

tj} Cl ..,._,_soo,, __ ,oo,,<X: 
.. __._,c,,. 

tj} Cl -...,_so,. 
lll --25,, 

0 ~ -·°"· eo:o .... o.c, 
o .... .. 
0 1!1 °'""'"' 

mOf?I ..,.,.. 
O CI -CondOono 
0 1!1 IOC..-ondC-s.a-
0 <l>tel'VllbCW'lliles 

eoc:i-­
o,e --.. 

009·1()-{ll) 
0051-15-00 
OD'l2<>00 
OD'l 2S 00 
OD'l.3000 
009-lSOO 
OD'JOOOO 
OD'J<SOO 
OD'l.5000 
009·55-00 

.. 

(l, ij 

X 

Welcome to the Bridge Scour Coverage Tool 

n. tDal wl use die rn.Ats of• 2D modd to e~t '1D • Hya&Ac Tool>ox 
Bndge SOM C&Nitr:.-. 

We reaimmend !hat new users f'*1iw lhe s~ pr~., lhe-1d'ow. 
Thewortdlowwl9.ldelheuserstepby•rdprow:le~detals 
nttdtd ID use the IDal corrKfo(. 

W""'1ow 

For more nfonnatJon .bout the tool and the cialogs: I.Rd With tt. 
cove"age,ple.-1eelheflndgieSOMH$, 

-"""'""' 
a Do not show ... cWog 19N' 

0 

State Pilne Coordmate S em, Zone Wuhm on North (flPS 4601), NA083 H Accur• Reference Networit. f«t 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 14
 



 

"0~-----------
11 

+ ;!. :, · V~ocny (Ills) 

sm~ ,w,o., 0: IP ·.· o• ~-,_..., ,: .. 
e i;a • ..__. • ....., 

.zl z 
__ ,,, 

e• --'"°" ll] , ___ bJ>J12 

Jllr-.,. 
l!! Yol_NagJt_p_, 13_, 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 

--"''' 
~ --""' II __ :,,;,. 

ra~ Sc.aero.a 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""-
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 
D~ aiww111on u,. 

e ra:!:1 -Soou, 
0 -e ...... s-. 

00910-00 
009.15:00 
00920-00 
009-.2500 
009-»oo 
0093500 
oouooo 
009'5-00 
009 50-00 
009-5500 

' 

,, 

--~--~o.n .... ~ 

wWSDOT \ <s- ' 

0 

Browse... .hyd 

EditOefaJl:Opoans.. .. 

-·· 
. . 

-- --

Contraction Scour
 

Image Source: Casey Kramer 

Slide 15
 



 

@ SMS 13.2.14 (6'-b<Q • (WSOOT_wm_] 

~ r• Edit DtSpl~ Fu1ure ObJKU Window Hdp 

J t.H l ~ 
~ Q r;, ,h~~~-~ 

o ,- .i-u • • ca •: . 
·~ 111 1:J i' l" = IP 

0-9·~--o• e..n;.,..., ,: .. era• ..__. . ....., 
~z 
__ ,,. 

ea ,,__,oo,, 
lll•---•J>Jl2 
.Ill-
~ v.i_NogJt_p_, 

J.3 -y 
Dw•«-~_ft 
EPtopoeed100.v .. wse 

_ __ soo,. 

e,.e ..._.._,oo,,a: l!!l __ ,o,. __ so,, 

11 __ 25,< 

@ ~ - .... 

e o ~ .... -
0 !:1 -
o::i .......,. 
0 :!11 ... _ 
o::a-~ 
0 :!l lOC.,,-""'C--.. 

e o Cliww..,,..l.i'W::I 

ll! 0 :!11 ....., 

e O -0 0 -· 
o ,;, o-s.a-

e o::a ..... """ 
00-""" 

0 GISD1t• 0~--­ell l§l !i,um,nO.. 

0091000 
009.15:00 
00920-00 
00,.25-00 
00,30-00 
009.35 00 
0094000 
01)9,(5-00 
00950-00 
00,-55-00 

' 

,, 

a X 

- " . 

u.n 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 16
 



 

@ SMS 13.2.14 (64·brt) • [WSOOT_Wfflplutns] 

~ r• Edit DtSpl~ Fu1ure ObJKU Window Hdp 

.:J_ t.H l ~ 
~ Q r;, ,h~~~-~ 

o,-.i-u • • ca •: . 
·~ 111 1:J i' l" = IP 

0-9·~--o• e..n;.,..., ,: .. 
e ra• - --~, __ ,,. 

s• "-""-''°" 
lll•---•J>Jl2 
.Ill-
~ v.i_NogJt_p_, 

J.3 -y 
Dw•«-~_ft 
EPtopoeed100.v .. wse 

_ __ soo,. 

e,.e ..._.._,oo,,a: l!!l __ ,o,. __ so,, 

11 __ 25,< 

@ ~ - .... 

e lllcl ""'o.. 
D!:1 -
0::a .......,. 
0 :!11 ... _ 
o::a-~ 
0 :!l lOC.,,-""'C--.. 

e o Cliww..,,..l.i'W::I 

ll!D :!11 ....., 

e O -00-· o,;,c--. 
e ra::a -""" 0"--0 GISD1t• @~--­

ell l§l 5',um,n0.. 

0091000 
009.15:00 
00920-00 
0(&.25-00 
00,30-00 
009.3500 
0094000 
OO!-t5-00 
00950-00 
0(&-55-00 

' 

,, 

0 X 

- " . 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 17
 



 

<8> SMS 13.2.14 (6'-bft) • [WSOOT_bamplunu) 0 X 

~ File Edit O,spl.y Future: Objttb Window Hdp - If lliC 

] 1.H l ~ 
;.l Q c;;, ,h ' 

0.-c.1' U • • oa • 
•&. • l:J -,, 1" = IP 

o-
s121i41 -oa. 

oti""""·­
e G3•--­

;zJ z 
__ ,,. 

e ,,__,co,. 
l1J,_,..._b_p_ft2 

n­!l!J v.i...-Jt_.._. 13 _ , 1l]w ... __ _. 

.,e~100.v .. wse Cl __ _ 

lil--ll __ ,oo,.a: __ ,.,. 
11 ,,.._._so,. l!l __ ,,,. 

G3~ Scauro., 
8 llio MooO.. 

o::a ­
D.!!I ""'--
0 !1 "'"-
0 :lii .......,""""""' 
o.::i ,oc.n .......... c...-. 
o::i~-­

s G3.::i--
0 Q -Sa,..­

D GIS0at• 63~-.,.. 
111;-o., 

00910-00 
009-15_(11) 
0092000 
0092500 
009-3000 
009--lSiXI 
009'()00 
009'5:00 
0095000 
009:§500 

.... ~ 

wWSDOT \ <s- ' 

,, 

. . 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 18
 



 

o ........ 
sm~ ,w,o., o• ~-,_..., ,: .. 

e i;a • ..__. . ....., 
.zl z 
__ ,,, 

e• --'"°" ll] , ___ bJOJ12 

Jl]r-.,. 
l!i Yol_NagJt_p_, 13_, 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 

- -"''' 
~ --""' II __ ,.,. 

m ra~ Sc.aero.. 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""­
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 

ea~ Qiwwlllon l.NS 

0 :!11 ....., 
eui=i -

0 0 _, i;a.., c.. __ 

eo::.i -""' 
0 0--

0 GISDtit• 

ra~-o.. 
0111 €1 -0..• 

flM•flPI 

00910-00 
009.15:00 
00920-00 
009-.2500 
009-»oo 
0093500 
oouooo 
009'5-00 
009 50-00 
009-5500 

' .... ~ 

wWSDOT \ <s- ' 

,, 

137.5 
C 
0 

135.0 iii 
> 
~ 

132.5 

0 10 

Cl.n 

Approach Section 

: :~ ·--

: : ::? : : : :: c:-~ -~ ~ 
: : : : :: : : : 

20 30 40 
Distance 

50 

Al< info: 1 sdeaed; w:I = 1; XV l ength= n.S22100ft; Not obfflvect; Num segments= 1. 

. . 

60 70 

0 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 19
 



 .... 
wWSDOT 

@ '-'-'S 1 -.1-4 (64-bitl (WSOOT 
~ FM Edrt Displ.y µMnpl, sms 

Tme!lep,, 

008_15:00 
008 20·00 
008:25:00 
008:XHlO 
008:35:00 
00840:00 
008·45:00 
008.SO:OO 
00855·00 
009-00:00 
0091)500 
009:10:00 
009·15.00 
009:20:00 
009.25.00 
009<30·00 
009.35:00 
009-40·00 
009:15:00 
009·SO·OO 
009-55:00 

" 

= , 

r.. n 
State Plane Coordin;,te S ern. Zone: Washin O N 

Monitor COl'erage 

- Contracted Section A rc 

- Approacti Arc 

- Ceotertlne Arc 
11111 Bank Arc 

••• Abutment Toe Arc 
- -· Ctiannel Wictth 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 20
 



 

o ........ 
sm~ ,w,o., o• ~-,_..., ,: .. 

e i;a • ..__. • ....., 
.zl z 
__ ,,, 

e• --'"°" ll] , ___ bJ>J12 

Jl]r-.,. 
l!i Yol_NagJt_p_, 13_, 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 

--"''' 
~ --""' II __ :,,;,. 

ra~ Sc.aero.a 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""­
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 

e D!J aiww111on u,. 
0 :!11 ....., 

e O -0 0 -· 
o,;,c--. 

era::.i ..,..""" 
0 Q --. 

0 GISI>«• 

ra~-o.. 
ell €! """°'"°"' 

00910-00 
009.15:00 
00920-00 
009-.2500 
009-»oo 
0093500 
oouooo 
009'5-00 
009 50-00 
009-5500 

' 

,, 

.... ~ 

wWSDOT \ <s- ' 

0 

Approach Section 

I I : a ;:: : : : : : :: : : : : : 

·re: ~ .. e ~2 .. . 
• e t • .. 

10 20 30 40 50 60 70 
Distance 

Iv< info: 1 sdected; w::I = 3; X:V length= 9A86796 ft; Num segments= I. 

. . g 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 21
 



 

o ........ 
sm~ ,w,o., o• ~-,_..., ,: .. 

e i;a • ..__. • ....., 
.zl z 
__ ,,, 

e• --'"°" ll] , ___ bJ>J12 

Jl]r-.,. 
l!i Yol_NagJt_p_, 13_, 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 

--"''' 
~ --""' II __ :,,;,. 

ra~ Sc.aero.a 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""­
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 

e D!J aiww111on u,. 
0 :!11 ....., 

e O -0 0 -· 
o,;,c--. 

era::.i ..,..""" 
0 Q --. 

0 GISI>«• 

ra~-o.. 
ell €! """°'"°"' 

00910-00 
009.15:00 
00920-00 
009-.2500 
009-»oo 
0093500 
oouooo 
009'5-00 
009 50-00 
009-5500 

' 

,, 

.... ~ 

wWSDOT \ <s- ' 

I I : a ;:: : : 

·re: .. ~ 
10 20 

0 

Approach Section 

: : : :: : : : : : .. e ~2 . 
• e t • .. 
30 40 50 60 70 

Distance 

. . g 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 22
 



 

~ SMS 13.2.14 (64-b,Q • (WSOOI_Enmpun,,] 

~ Fite Edit 0,spt.ty Future Ob,t«ts Window Hdp 

J d kl 11f 

~ o. i;, h~I~~~-~ 
o..- ~u . • Ifa • ·~-1:J ~•">'" = IP 

z i,oooo 

=0- ........ --------" + a!. \ 
sm~ ,w,o., 0: I;> ~ o• ~-,_..., ,: .. 

e i;a • ..__. . ....., 
.zl z 
__ ,,, 

e• - -'"°" ll], ___ b_pJ12 

Jl]r-.,. 
l!i Yol_NagJt_p_, 13_, 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 
__ 11,,, 

~ - -""' II _ _ ,.,. 

ra~ Sc.aero.a 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""­
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 

e a ~ Qiwwlllon l.NS 

0 :!11 ....., 
eui=i -

0 0 ,.,_.._, i;a.., c.. __ 

e ra::.i -""' 
0 0 --

0 GISDtit• 

ra~-o.. 
"111€1-0..• 

0 0910-00 
009.15:00 
0 0920-00 
009-.2500 
OOU0-00 
0 093500 
oouooo 
009'5-00 
0 09 50-00 
009-5500 

' .... ~ 

wWSDOT \ <s- ' 

., 

V~oony (llls) 

I ot 

c: 140 
0 

ni 
~ 130 

. . 

0 X 

- " . 

------

Contraction Scour
 

Image Source: Casey Kramer 

Slide 23
 



 

o ........ 
sm~ ,w,o., o• ~-,_..., ,: .. 

e i;a • ..__. • ....., 
.zl z 
__ ,,, 

e• --'"°" ll] , ___ bJ>J12 

Jl]r-.,. 
l!i Yol_NagJt_p_, 13_, 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 

--"''' 
~ --""' II __ :,,;,. 

ra~ Sc.aero.a 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""­
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 
D~ aiww111on u,. 

e ra:!:1 -Soou, 
0 -e ...... s-. 

D GISDat.a 

ra~-o.. 
11€l""""'"""' 

00910-00 
009.15:00 
00920-00 
009-.2500 
OOU0-00 
0093500 
oouooo 
009'5-00 
009 50-00 
009-5500 

' 

,, 

.... ~ 

wWSDOT \ <s- ' 

V~ocny (llls) 

14.0 

120 

20 

00 

I ot 

C: 140 
0 

~ 
> 130 .!!! 

0 

~ Bridge Scour Ate Attrib!JtH X 

u 

Contracted Section 

~ 

120 

\\\\~~ ~~~s ~~\l;;:TI: ,;;:;i'(:,;.m\'\:.n;::.,;1s;:;:;:;::mv;::;::2;;:;omi,::;:,;;;;;;;;2=s ::;:;:;;;;;:Di=st=.:!o=";;;:e=1:;:::;/:;;;ll:;::s::;7=::;7;::::40::;,:;:;:mrr7Tim77;;:;;;;:45~ ;:;:::;~s;;;o~ ~~~ 
(1, 7) Arc info: 1 s.elected; Kl = S; XV length: 4.687963 ft; Num segments= I. 

. . g 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 24
 



 

~ SMS 13.2.14 (64-b,Q • (WSOOI __ ] 

~ Fite Edit 0,spt.ty Future Ob,t«ts Window Hdp 

J d kl 11f 

~ o. i;, h~I~~~-~ 
o..-~ u . • Ifa • ·~-1:J ~•">'" = IP 

o ........ 
sm~ ,w,o., o• ~-,_..., ,: .. 

e i;a • ..__. • ....., 
.zl z 
__ ,,, 

e• --'"°" ll], ___ b_pJ12 

Jl]r-.,. 
l!l ... _...._,,_p_, 
13 _ , 
]MWar.et_~_ft 
Jll~100,v .. wse 

_ __ soc,. 

a,.t:l __ ,oo,.a: 
__ 11,,, 

~ --""' II __ :,,;,. 

ra~ Sc.aero.a 
e II~ .,.o.. 

0 !2 -
0 .::J ""'-
0~ ""­
o::.i-~ 
O!l 1oc.,,.....,....,c--.. 
D~ aiww111on u,. 

e ra:!:1 -Soou, 
0 -e ...... s-. 

D GISDat.a 

ra~-o.. 
11€l""""'"""' 

00910-00 
009.15:00 
00920-00 
009-.2500 
009-»oo 
0093500 
oouooo 
009'5-00 
009 50-00 
009-5500 

.... ~ 

wWSDOT \ <s- ' 

,, 

I ""'' 

.c: 140 
0 

130 

120 

5 10 15 

Contracted Section 

•. I I I I 

.cJc:! 
I : - ,.........,-----;::::> 

20 25 30 35 40 45 50 
Distance 

~ Ill J J 
. . 

I 

T I J 

55 

L 

0 X 

- " . 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 25
 



 .... 
wWSDOT 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 26
 



 

@ SMS 1 :.2.14 {64-bitJ fW'SOOT Example $1Tls) 0 

D<1t<1 Node$ Node-strings Elc~ts WmdOW" Help 

r.=--c-----------" + ;1; :,· 
o-elli'6 """""' ct Iii ·.· 

a~ Emno -Mesh ,:r 
e @ti .........., . ....,, 

~z 
ljl l:I ,,__,_,,. 

~ -""-"'"'' '.B B- ~ _t,_p_fl2 

J!l­
llll llol--JtJ>_• 
-{13 Vdocily 

:elwa:er_Ocpth_ft 

}EProposed10l).Yel!l"WSE 

r!I CI "-""-""'" ca ,,,_..,_,oo,,a: 
l!!I "-""-'"" 

Ell-Cl "-""-"" 
"'Cl "-""-"" 

m @ ~ Sc.tt.ero.t<1 
ea[(O ... o, .. 

lf!·O l!J Mori:or 

E!I-O i!o """'"" 
1!1 0 r!:I """"" 
ii! O il:I ...._Con!tiono 
e-Di!I lDCeritmeslll".:ICroaSedior. 
e--DC!J eti,_a:,on 1.nes 

e @i!o -""" 
0-e - -

0 GISD«i11 

,i, 01:e--""· 
l!lll§ """"""""' 

Tme•eps. 

008.15:00 
008 20·00 
008.25:00 
00830·00 
008-35:00 
008 'D:00 
008·45:00 
008.50:00 
008·S5·00 
009:00:00 
009'()5·00 
009:10:00 
009'15·00 
009:20:00 
009·25.00 
009'30:00 
009·35:00 
OOS·lO·OO 
009'45:00 
oos-so·oo 
009:55:00 

= ,t 

-Propos~_2yr 
Proposed_10yr 
Proposcd_2Syr 
Proposed_SOyr 
Propos~_100yr 
Propos~_SO()yr 
Propos~_100yr-(( 

... --­"""··· --

OefineSolQ-adation ... 

CriticalVelodty •.• V.CWV.-JeS ••• 

Upstrcarnoffse.t forpier-hyd-11.ic:s .,.•--------------­
(From contrKtecl •c. leave o.o fCf fflill)( pier- length.) 

NO-RP Abutment Sau Condition 

left Abutment: SaJI.I' Concltion ill (M<lir, Oiamel) V Rq,t Abutment: Sau Concltion ill (M<lir, Oiamel) V 

"""'' 

"'""" 
\\\---=c='e)\~ Ed10."""'""""··· ""'""""'"'" '"' 

~ I!i 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 27
 



® Culvert Inlet 

@ Culvert Outlet 

• S.nklull Width 

"' Pebble Count 

- =:~e;nce 
= Roads 

2019 
WSOOT 
Survey 

Elevation 
(Feet) 

205 

100 

0 50 100 150 200 -~==-- -==Feet 

N 

Ii 
I 
\ 

I 

~ 1; 

~ -- - ~ o lman Pebb le Counts 

~ Particle Pebble Count 1'.~ Pebble Count 2, Pebble Count 3, 
Percent Particle Diameter 

' 
Particle Diameter Particle Diameter 

Smaller Than {Inches)" {lnchest (Inches)' 
I 

D16 1.5 I 1.3 1.6 

DSCI 3.0 i 3.1 4 .3 

DSA 6.9 / 5.9 12.8 '~ D 100 19.7 / 17.7 39.4 
a. ~ .mt 1 taken about 5~ tream of culven in riffle al aaive channel. 
b. Pebble , - eet upstream of culven at cobble bar. 

c . Pebble Count 3 taken abcui 300 feet downstream of wven in ac:tille chaMel where allWial cover was present 

Contraction Scour
 

Image Source: WSDOT 

Slide 28
 



 

~ F• (d,t D,~ Futu11,0bjtth Window ~p 

J i.J i;J ~ 
;.l Qc;, ,h ' 

0.-c .1' U • • oa • 
•&. • l:J -,, 1" = IP 

o-
s 121i41 -oa. 

oti""""·­eG3•--­;zJ z 
__ ,,. 

e ,,__,co,. 
l1J,_,..._b_p_ft2 

n­!l!J v.i...-Jt_.._. 13_, 1l]w ... __ _. 

.,e~100.v .. wse Cl __ _ 

lil--ll __ ,oo,.a: __ ,.,. 
11 ,,.._._so,. l!l __ ,,,. 

0 '1i} Scauro., 
8 llio MooO.. 

o::a ­
D.!!I ""'--
0 !1 "'"-
0 :lii .......,""""""' 
o.::i ,oc.n .......... c...-. 

e a ::, ~ .... ,_ 
l!lD """" eo::a ........, 

0 '8--· 
0 '8 0-S-. 

e G3:!I ..,.."""" 
111'8 -Sco..-

o GISDat• 63~-.,.. 
l!l ll€l-O.. 

,, 

Al* conca.,W bnds,I! st.Ing Ratian co npcrt 

~t,ldgl,s ig.a 

l..lp&lrHMOffM.tfcrplerh)O'"IIA:s .:.• --------------- ft 

(FrOffl contrkttd .,. lHYe 0.0 for NII• ltnQ1h.) 

8r0Wlt,.. .hyd __ _ 

Elo)rtiiyd-dc:Toobox~ 

"""' 
EditDefdO;,oclrs . .. 

...., ... 

X 

0 

Montta COlarage 

- Contracted S~cw, Are 

- Approaeh Arc 

X 

tt.ffllff of Ponts: " 

SIGnenc P•oc:lt Dilmettr (ft) Pel'm,tP--.g(0.0·1,0) 

1 O. IZS .16 

20..ZS .S 

J 0..S7S .84 
.. 1.64 1,,--------------< 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 29
 



 

~ F• (d,t D,~ Futu111,0bjtth Window ~p 

J i.J i;J ~ 
;.l Qc;, ,h ' 

0.-c.1' U • • oa • 
•&. • l:J -,, 1" = IP 

o-
s121i41 -oa. 

oti""""·­
e G3•--­

;zJ z 
__ ,,. 

e ,,__,co,. 
l1J,_,..._b_p_ft2 

n­!l!J v.i...-Jt_.._. 13_, 1l]w ... __ _. 

.,e~100.v .. wse Cl __ _ 

lil--ll __ ,oo,.a: __ ,.,. 
11 ,,.._._so,. l!l __ ,,,. 

0 '1i}Scaur o., 
8 llio MooO.. 

o::a ­
D.!!I ""'--
0 !1 "'"-
0 :lii .......,""""""' 
o.::i ,oc.n .......... c...-. 

e a ::, ~ .... ,_ 
l!lD """" eo::a ........, 

0 '8--· 
0 '8 0-S-. 

e G3:!I ..,.."""" 
111'8 -Sco..-

o GISDat• 63~-.,.. 
l!lll€l-O.. 

,, 

DthSo1G11da1icn ... 

Proposed_2yr 
Propos.ed_ 10)"! 
Propos.ed_2Sy, 
Proposed_SO.,, 
Proposec(100yr 

1 • .,_._IOOy, 
~ropos.ed_ 100,,,·CC 

T ­--Sdtct ... 

(otions ... 

• 
~-o~ t fut~ hych1Ja O 

(FrCffl c:onll'acted ¥<, LUW 0.0 for MIX per ~th.} ---
~ AbJ1mr!nt SccU' Conchon 

Vlew Vak.les. •• 

"""' Scerwlo Pume.: PrDPC)5ed ~ 

Waters..rlac11,&v-all0!"$:. ~ Proposed_lOOyr:Proposed lOO·Year'IQ. 

WaurDuleh: SeKt... Proposed_100,i':Watl!f~th_ft 

Wate,Velooty: Select... ~ - UX)yr: \'eooty 

Shes Slress: Seect... Prooosed_tOO)II': e_s1rns_b_p_ft2 

rme Step: o 02::00:00 

Left~ Sau Ccnhon • ~Owmel) ..,,. Hi!b ... 

a-oww... .c·""'=--------~ 
Ellport tfycr-..CTool:loxFlt 

EditOeflut~ .. 

........ "" 

0 

Montta COlarage 

- Contracted S~cw, A re 

- Approaeh Arc 

X 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 30
 



 

~ F• (d,t D,~ 01t1 Nodes Nodt:U11ngs El~h Wirldow Mdp 

.... ~ 

] i.J i;J ~ 
;.l Qc;, ,h ' 

0 .G .1' U • • ca • 
•&. M l:J i' 1" = IP 

o-
s 121i41 -oa. 

oti""""·­
e G3•--­

;zJ z 
__ ,,. 

e ,,__,co,. 
l1J,_,..._b_p_ft2 

n­!l!J Yol...-Jt_.._. 13 _ , 1l]w ... __ _. 

.,e~100.v .. wse Cl __ _ 

lil--ll __ ,oo,.a: __ ,.,. 
11 ,,.._._so,. l!l __ ,,,. 

G3~ Scauro., 
8 llio MooO.. 

o::a ­
D .!!I ""'--
0 !1 "'"-
0 :lii .......,""""""' 
o.::i ,oc.n .......... c...-. 
o::i~--

s G3.::i--
0 Q -Sa,..-

0 0910-00 
009-1S_OO 
0092000 
0092500 
009-3000 
0 09--lSiXI 
009'000 
0 09'5:00 
0 095000 
009:§5 00 

wWSDOT \ <s- ' 

,, 

"'"""' 
Proposed_Zyf 
Proposed_l°'J' 
Proposed_Z5'J,' 
Proposed_SOyr 
Proposed_ 100,,: 
ProposectSOO,,, 
Proposed_lOOyr-CC 

T - Optiorw ... --Sd<d .. t,on.""'1,d) 

OefneSolGradtbon .•• 

~tre.offse:t for.-.hydra.tcs ~'--------------­

(ffOfflc:ontrllctl!d•c. I.HvtO.Oformaxplefle,,gth.) ---Contrac11Cn Sau v~ En'Ktm ,tcipro.cti: 

NOfU' Ab..rtintnt So:u Cordbon 

E<ilOefaiJt()pticn •.. 

........ "" 

0 

. . 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 31
 



 

..... 

St .... 
wWSDOT 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 32
 



 

~ F• (d,t D,~ 01t1 Nodes Nodt:U11ngs El~h Wirldow Mdp 

.... ~ 

J i.J i;J ~ 
;.l Q c;, ,h' 

0 .G .1' U • • ca • 
•&. M l:J i' 1"= IP 

o-
s121i41 -oa. 

oti""""·­
e G3•--­

;zJ z 
__ ,,. 

e ,,__,co,. 
l1J,_,..._b_p_ft2 

n­!l!J Yol...-Jt_.._. 13 _ , 1l]w ... __ _. 

.,e~100.v .. wse Cl __ _ 

lil--ll __ ,oo,.a: __ ,.,. 
11 ,,.._._so,. l!l __ ,,,. 

G3~ Scauro., 
8 llio MooO.. 

o::a ­
D.!!I ""'--
0 !1 "'"-
0 :lii .......,""""""' 
o.::i ,oc.n .......... c...-. 
o::i~--

s G3.::i--
0 Q -Sa,..-

00910-00 
009-1S_OO 
0092000 
0092500 
009-3000 
009--lSiXI 
009'000 
009'5:00 
0095000 
009:§500 

wWSDOT \ <s- ' 

,, 

"'"""' 
Proposed_Zyf 
Proposed_l°'J' 
Proposed_Z5'J,' 
Proposed_SOyr 
Proposed_ 100,,: 
ProposectSOO,,, 
Proposed_lOOyr-CC 

T - Optiorw ... --Sd<d .. t,on.""'1,d) 

OefneSolGradtbon .•• 

CnocalVeiocJt,, ..• 

~tre.offse:t for.-.hydra.tcs ~'--------------- • 

(ffOfflc:ontrllctl!d•c. I.HvtO.Oformaxplefle,,gth.) ---Contrac11Cn Sau v~ En'Ktm Aooro.cti: 

NOfU' Ab..rtintnt So:u Cordbon 

E<ilOefaiJt()pticn •.. 

........ "" 

Enerqy w.ie 1ne *cie 11th: ~o.:t. secmri {ft/ft) 
Totllf'owr1hCll)fOIChwctlon(cfs) 
Totalllow.-eaofthe:~IKtlan(ft-"2) 
To!M wittttdpennet«of lht 'A)roach1«t0n (f\) 

,,..,chlmtlC.Uoadi): 

Aooroad'I s«tklnlrJt lw*Wiban (ft) 
AA)roach SKbonni;t.l bat* SUltion (ft) 
Approach siectlon man CNrn!I Mfth (ft) 
AoprOld'!sectlC:.\Nlnchannelt'ow(cfl) 
Aooroedl sectionff'llinchrnel "°" .u (ft"2) 
,Woach M!ClonffloWlchlt'nel Mttffpel'llltW (ft} 
Aoi:roach l«tion..., charnel h,d-11.k rd.JI (ft) 
Aoproach secbon-,chamelh\d'dc ~ (,U 

(used for .wer• depth IJP$1ream of amrKlon) 
AoprOld\ teebon Nil chlt'nel tM>lffl.fl, depth (ft) 
AclclfOldl IKtlon "*' channel Int dlcharge (cfs/ft) 
AoprOldi .non--. ctwNI W<MIQt v80dty (ft/I) 

Aclclroad'I SffllOr'I en~ wlodty Cl'Vs) 

. . 

0,0)46.«i,J 
1054.37 
163.)67 
61.tell 

17.:109 
52.1215 
)1.1 125 
925.299 
127.097 
l4.6l2 
3.67205 
~ .. ,,. 
1,1)4756 
26.8881 
7.29017 

1.7-«ll l 

0 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 33
 



 

@ '""· 1\1/SD(',1'~1 

!Ill' F11~ Ed•t O~ll'f Future Obiects Y. odow ~ 

[J d la -. 11 
,;l Q c;, ,b 
• D.,. .t'iM • • do •• • I 
•~ 111 1:J · e y~ f9 

~~---------" + .1. \ !i"====;- -.r -:---1T'iT~--'<::""-ir- T1llT-r-,--. r ---::::::::~:=:::::::::=::::~:=::::::::::=-;~;---..... = - - - ---- --- ~-- --:x7'=-::'::::::I 
O"- q "i' (i' ~ 
sa~ ~.!'::........ .:, ~ """""""'SECTTOHHIOAA.UCP........,,,.., ~ 

ee • Pn,poeed - MHt'I -~ ;:iJZ Entireaosssectlarl; 

1:B e:I P,opoeed_l,f ~17adclneliOPe•tha:1nnctedRCDOn(ft/ft) O,OJ.48463 :----_ 
a D ~-100,., <;1 -~Prol)ffllft Tobil'towinlhta:inwKlifdlltCaon(cfs) XllUl 

DB_!ma_b_pjl2 ~=====:~!(ft) ~~~ 
E"""' Ev.,_,...JI.J>_, 
13 Vllb:ilr 
;n w aier_Depth_h 
_ft Ploooe,ed 100-YyWSE 

e, __ _ 
__ 100,.<X: 

.,, e, __ 11\< 
ltl __ !I\< 
11:1 _ _ ,,,, 

9 la~ Scc.-o.t .. 

sa:e ""'°"' 
$ 0 -0 ~ o..-. 
IL O~ MM­

OJI -""""°'" 
0 ~ 1Dc.t.ht ..:I CIOM Stdo-. 

0!11 """"-""' 
9 0 .:!I -Sau 

li!JQ -Sa., 
0 GISO.. 0~---00 11€1 -o.t, 

Tme•flPI 

oo,.ma, 
009·100) 
00, 150) 
0 09200) 
00,.25(0 
009300) 
Oot35<X> 
00,·40'()() 
Oot45CO 
009SO<X> 
0 09550) 

" 

- OtfrcSoiCin M.,w,dtarr,d: 

PrQJIO~d. 2yr 
Pro~d.10yr 
Propowd_ZSyr 
Proposed_50,,' 
Propo~d.100yr 
P,opol.f,d_SO()yr 
Propose:d_lOOyr-CC 

'T' ---
"""-·· --

.._tr,_ offset for p,tl' hydrah 0 

f=,tilllcon1tacted•c. 1.NwO.Obfl'IUs-"ltnglh.) ---Con11'«1Cn Sau' V«w:iie f>cWactliCln .tQ:road\: 

NOftP Abunenc Sau Concban 

...... 
Edit Def1Ut0ptiora. .. 

...... 

Conl'acted l«IOn ltft '** SUIDOl"I (ft) 
Conl'Kt!d 1«1e1n f9W b.-t sraoon (ft) 
Conl'Kted ,ec,on...,ch,rnd IICft, (ft) 
Conlractrd ,e,caon .... dwnef ad:,.atrd ...... (ft) 

~trdfotp,,ersandskrw) 
C.onll' acted sec90n ... charnd ftow (ds} 
Conl'Kted 9KIOn-.icharnel tb,,i,•e.{ft" 2) 
Conl'Kted RCIOn-.icharnd .t,..ted tow .. el (ft"l) 

(Mt)a;lledfotpiersandRW) 
Conl'actedledlOl'INl'lfflll'N--lr'IQle:(deo"MS) 
Conl'actedll!C!IM...,charndwettedPMl'llttl!l'(ft) 
o:in.Kted ,ectlOrl _.. dwnef ti,d--.UC radus (ft) 
Cor*Kted 9ffl1Cn-.i dwnef ti,d--dc ~ (ft) 

~fotlhedrp«h~IDKCUfllhecontrKtcdtection) 
COIWactedM<IOI\Nif'lfflll'NMllM'U'l'ldepeh(ft) 
Centracted ltClion ... CNl'l"ie1 Int dilctwge (cfl/ftJ 
Conl'acted IK9CW\Ull'ldwrlel...-trll0f, velocfty (ft/t) 

Lcfl~~bOl'l(ft); 
Ltft~-agtllowdepf't(ft): 
Ltft~-•Ytlocity(ft/1): 
Ltft:overti.rtlc,wwdfl (f\): 
Lt'ft:OYitftllnltb,,r,(dl): 
Left:oveti.rk..ntdlldw9t (cfs/1'\): 

Left Abutment 

ll.HSS 

LeftDSOMnl: 10esaoonlkir'QC0"1nctedlectlon re (ft) 
Lett~ IDedl'Vaoon (ft) 
~•tlefl:mutfflfflt.lDr(ft/s) 
Dtplt'l•tltft.abu-.entmr(ftl 
Left abutment ICCU awdtion Is a "*" dwne/) 
Manchamd1.ntebOWQeS•ewed fot abutmentscou --· Ft,gt,t .abutment toe SU1tli0n llbng CDMICtitd tKIOn •c. (ft) 
Rqlt llbutn«lt toe dN"•tliCln (ft) 
veb:ltyat~ab.Jtrnent10e(ft/l) 
Dtplt'l at lv,tatlutmenttoe,(ft) 
Rq,t ilO.Mlent tcOII cordti:ln •• (Nit chamd) 
Minchamd 1.nt chdw9'S . , Uled b iOAMnC ICl:M.r 

lfi,1'155 
'l!U159 
22..8703 ,, ..... 
1163.281 
87.35'12 
87.3356 

Lll3l9 
22. ... , 

""' 3.8195'1 

0.659001 ~-, 
26.1'155 
IM,572115 .,,... 

8. J.H>2 

""19 ,., ... 
O.ll2'193 

55.099 
W.<>i 
~ ..... ,. L9.,., 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 34
 



 

@ '""· 1\1/SD(',1'~1 

!Ill' F11~ Ed•t O~ll'f Future Obiects Y. odow ~ 

[J d la -. 11 
,;l Q c;, ,b 
• D.,. .t'iM • • do •• • I 
•~ 111 1:J · e y~ f9 

~o~.._~---------" + .1. \ 
8 8 4 -0.. Q; "i' 1.-

0 1!1 ....... ....., .:, 
e0•-·""" 

~z !!) e, _ _ ,,. 

e D _._,oo,, 
Da_Strea_b_p..fl2 

E"""' Ev.,_,...JI.J>_, 
13 Vllb:ilr 
;n waier_Depth_h 
_ft Ploooe,ed 100-YyWSE 

e, __ _ 
__ ,oo,,<:e 

ll' D "'-"'-'11< ltl __ !I\< 

D_._,,,. 
9 la~ Scc.-o.t .. 

sa:e ""'°"' 
$ 0 -0 ~ o..-. 
IL O~ MM­

OJI -""""°'" 
0 ~ 1Dc.t.ht ..:I CIOM Stdo-. 

0!11 """"-""' 
9 0 .:!I -Sau 

li!JQ -Sa., 
0 GISO.. 

lil l<l~--o.. 
~11€1-o.t, 

oo,.ma, 
009·100) 
009150) 
009200) 
00'-2SCO 
009300) 
Oot3S<X> 
009·40'()() 
Oot45CO 
009SO<X> 
009550) 

" 

<;I Br~ Sc:ourCOllffage Pro~ -
PrQJIO~d.2yr 
Pro~d_lOyr 
Propowd_ZSyr 
Proposed_50,,' 
Propo~d_lOOyr 
P,opoi.ed_50()yr 
Propose:d_lOOyr-CC 

1" - Clpoana_,, --
"""-·· -- CrrtolVllooty ... 

"'''"''"" 

.._tr,_ offset for p,tl" hydrah 0 

f=rtimoar,1tacted•c. 1.NwO.O bfl'IUp,tl"length.) ---Con11'«1Cn Sau V«w:iie f>cWactliCln Aocroadt: 

NOftP Abunenc Sau Concban 

...... 
Edit Def1Ut0ptiora. .. 

...... 

on North (FlPS.t601), NADa3 

'l'letrlV&l5. .• 

"' 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 35
 



 

!1111 f1W Edit ()rwl"Y fe:,ttur, ObJech W "°""" ~ 
ti 

~0~,,_~---------~ + ~ ~ Water Oep#I (ft) 

s 11~ "'"'°.. q ,;, ~ 
Cl~ e.u,g. Meth ,:, a0•-·­~z 
r,, __._,,. 

s a -....u,o, 
]!I e_....,_._.Jl, 
lll­
~""-""'"-' l3 v.lodl r 
~ w aer_DepthJt 
~~100-v-wSE £!)~--­a -..._,oo,.a: 

a -....,"" 
lil l!ll -.,0,. 11:1 __ ,,,, 

£!J 0 -fl Scc•O.U 
s a :cl ...,.,., 

D -£!J D!I o.n.. 
!LO~ ,.. ... 

o:a .......,"""""' 
0 1D~an::IOOM5ec:tiorw 
C]~ O-.,aaar,l.-

e,.0 ....,.,.,,, 
0 8 -Se<a, 

C] GISO.:• 0~--­~lil €1 """""""' 

oo,moo 
OOS:1000 
009.1500 
009"200) 
009'2SOO 
Oot3000 
OOtJ:500 
00,·'I)()() 
0094500 
OO!S0-00 
009 ssoo 

8 0 

-10 

· 60 

- 50 

40 

JO 

20 

1.0 

0.0 

. .., 
• £~ Qispi.y t.ic:utaton frofila 1,!nib ~P t:fdp 

1 t;3 g <) Jus c..,_,u,., 3 
1-·-t-J 3 ~ 
ll li ~ ;;;i (h ffllJ1 ,t ,il 2ila lll • rorl 8 " 1i1 1H!i 

- - ~ .J= '"=; e!! ........,,_,,,,,_I 

n 

~ 

PropoHd_Zyf 
Propowd_lOyr 
Propowd_2S.,... 
PropoKd_50;i' 
Propowd_u:o,,. 
PropoHd.>l»ff 
P,opowd_u», ... cc 

L 
T - """"'-·· --""'1. .. --

DthSCIIGradetm ... 

c,;t,cal'r'elooty •• . 

~ h -otr.tlorp!ll'"hyOaAai -'-'--------------- . 
f',rOl9 con1r1Cted 1n:. luve o.o for IMX.., len¢,.) 

!lrowM ••• s~-~t:,.fNSOOrSo:vWO"bhoo·SRH·2D~_EMITdt)lyd 

~tH'tlt'~Toobnfw - G HyodcToobo:;:;> 

&:ltOef-'tc:>oeons •. . 

..... 
on North(flPS.tti01) NA.083 hAc::air, Rd,unu:N~fttt 

" 

-----

V 

\ 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 36
 



 

~ 1'6'-b =-
• F,lto Edit 01W'~ Fe1tUf, Ob]«U W ndow Hrtlp 

[J d la l=i ll 
~Q r;;, h 
• D L. $ il • • tio •. • I 
.Gblll i:;'J -f :Y~ T9 

~
0
~~----------

1 + ;!; \ Ji.w~a~,.~o~op~11~1~';-;.....,.~;"°'";;:~,.,.,,...~=---------------------------------;"§~2~~2~~§~~§~~§~;~~;~2§~2~-~~I 
·- q 'P r.-

8 - ~ Nett, ~ .. : ~ ~ ::::::::: 
O f:!i&.itng·MNf'I c:tieo.boxesfal-9CCl..f'~tcbtCGl'l'OJted --. 

9--0 . Pn,poNd -Nest-i &*"SauPlotODoorw p -~ 
'll Z Toi*xmu~tsn!sc,tt1ftedbndge~1ry.wldaoss,ect1onnfonM.110n MariCNn"id(apprcwdi): 

EL- Pli:,poMd_'lyr la'oortGeoa,uytomt'EC-AASFie lfflPOn .tc,p-o.chK<IIOl'lli:f\brisi.llon(ft) ;---_ 
a ~-1~ ,........~ .tc,p-OIChMdionrqltbriNticrl(ftJ 

:ffl e_Sti.M.J;>JJJl2 .1ippNCh1«tianlNl"tchlrnawid!h(ftJ 

"fflmuc1e =:Hime Pfoposed_100yr ::=::::::::==:::ctt"2l t :.a:,..ftJi.t O-eatet-ewSclfwlo Ketian-,=~~,u 

'.E w.i:._Oec>th_ft OeleteO.ffentScer"'10 Caqiutaaan1w:Nd: 1~-w.m..tLM&c15au ..:J h)'Odc::,~> 
.ffl~lQO.Ye.-WSE loafl eM.,..._. ) l!t ll _ _ _ 

D __._,oo,,a: 
l1:ft8M-tStat10n -·­A'Vet~~...-.--ofContrKkln ).69 

..... 
Plropot,ed_lo,,r 

!!I - -~ 
&rllll """""-"" 

w0~'"'·""' 
ea~ ""'°"' 

0 !11 -

:a.::~=-Qlo•.ctionSauP•-•H°"'= ------------'"'==""""='----""-- -"'""''==·-""""'-=-"'""''"""'"'·~·· ..... g: ~ftoverbll'*(,J,pgrOICh;u.dfof-~a,,,tr«u,9CW"GlkJ.Ntl(n); 
OtfineR,d,tO\le'blttConr«11onSauP•- Awra,ge\elodty~lr- 7.28 ftJs 

wo::a o..-. 
11, 0 ...... 

0 -~ 
CJ~ 1DC«terlnesirdC-Sedo-. 

l!lOcl °"""-'--
8 0 !1 -""' i;ae .._._, 
0 GISO.• @0~--­

~- 1,1 -o.. 

00,(15_00 
OOt.UHX> 
00, 15.00 
00,,2000 
00,-2500 
00,,3000 
0093500 
oouooo 
oousoo 
0095000 
009-551'.D 

-

~ c.o..--sece... GeoMdry Rffulls of Scour CCMlditicMI 

OthOOll-5eclonl.n:lerBrGQit 

OelneWSEonorlOBnd;it --0th !!Mot Oedt Geo,w:try 

Api:iro«hClas-5eacr, 

~oachCloss--s«lon!wae 

0eme ~oacn 0011.senon 
t.oa,SC..,atfllen 

loalSm.-al~ 

Lef\~t 

0-.al 'fflCIOty move lllhdl bed~ of 9zr: D llrld 1... 1.75 

.... ontract on ~o.ir 

'·" , .... 
1.52 

'·"' 
2,3732 

1,0003 

o.o, 

Stttc P 1.,c Coordinlt• 

Hi9 

76. 200000 

17.109 

Comrktedll'ClonNlldwnel fl.ow.-u(fl:"'Z) 
Conutted tedion ..-, dwnel adJAted llow •u (ft"'Z) 

~tedforp,e,s.-.:1 ...... ) 
Conl"~ set*ln - <Nmtf slew .-,d,e (deg~) 
Comrktiedlle<tier'1 MM'ldwrlti wett.ed?erme"liff (ft) 

I Connctitd11tCOOnN11dwnelh,,ctdc:r ... (fl:) 
Conlrec11td acw, IN'! chamel t-mtdc: depth (fl:) 

t.is,,dbh~Pl'ICll'IOtaU'rlhanncwd~ 
Comrec11tdaCDan-,dwwwl --dfpth (fl:) 
Col'*ktitdtedlc:rl-~intdisichlr9"(ds/ft) 
ConnctedtealOl'l-,chamel-age\lfflOty (ft.ls) 

L21271 
S.22495 
12.99) 
·~))06 

Lll)J9 ,,_ ... , 
3.8S13 
3.119S1 ...... 
37.7541 
U82S4 

ft 

mm 0. 2 mm is lhe lower limit for ... 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 37
 



 

~ 1'6'-b =-
• F,lto Edit 01W'~ F11tUf, Ob]«U W ndow Hrtlp 

[J d la l=i ll 
~Q r;;, h 
• D L. $ il • • tio •. • I 
.Gblll i:;'J -f :Y~ T9 

00!05.00 
OOt.UHX> 
00, 15.00 
00,,2000 
00,-2500 
00,,3000 
0093500 
oouooo 
oousoo 
0095000 
009-551'.D 

00.00 

0.0),946 

., .. 
165.00 

o.anieteroff'le-..,lestnan~.-.,orteblepertldtr,ltieb ..• '.ilS.250000 

, ... 
0.07 

0.6'!0000 

, ... 
, .... 
·4.S2 

O.JO 

2,3732 

1,0003 

0.01 

Stttc P 1.,, Coordin1t1 

d, 

• 
.. 
ft/ft 
d, 

d, 

• 
• 
l>/ft"'l 

b/ft"'l 

.,. .,. 
• 
b/ft"2 

b/ft"l 

Wicllh lhoiAd ellCi.de per wi .•• 

~-hom.pedby. 

NfQIM't&oelifflJly'l'll'o' .•. 

NtQ.M...-.-~'Nro', . 

'*9e1M1, ...--.-~ 'mo ... 

17.109 

Sl.1215 

fNrgyo,dblllcpe,iatlhetlll*'ktitdtKlkll'l(ft/ft) 
Totll loiwrtlhemt*acted~(ds) 

'iiet f Conlrectiedtedicntotllfbw•ea(f\"'2) 
ctecf Con«rldltdWdlcrl 11ot,,1-ttltdptrmetitr{ft) 

~ COnlrldltdtedicnkAb.*statllln(ft) 
COnlr~tediOl'l"l,t'll:bet*1r.tion{f\) 

~ Conlr1Ctedtee1W1-,chamel..tfl(ft) 
COnlrl!Cted Rttor,-dwroel ~tied wdlh (ft) 

~tedfurpel'll.-.dllbw) 
COr*Kta:I Mdon - ct.nll 1\M {di) 
Comrktedll'dionNl'l<Nrl"lllftow#ff(ftAZ) 
Conutted tedion ..-, dwroel adJAted llow •u (ftAZ) 

~tedforp,e,s.-.:1 ...... ) 
COnlrldltd set*,n--, <Nmtf slew .-,d,e (deg~) 
ComrktiedtediOl'I MM'ldwrlti wettltd?erme"liff (ft) 

I Connctitd11tCOOnN11chln,elhJ,ctdc:r ... (ft) 
Conlrec11td acw,.., chamel t-mtdc: depth (ft) 

t.lllltdbh~pnor1DtaU'r1hanncwd~ 
ComrldltdaCDan-,dwroel --dfpth (ft) 
Col'*ktitdtedlc:rl-~intdisichlr9"(ds/ft) 
Conncted tealOl'l-,dwroel-age\lfflOty (ft.ls) 

17.109 
52.1215 
J<'-'4125 
tlS.2151 
U7.097 
14.612 
1672.05 
16933< 

, .. ,,. 
)6,1811 
7,ZII017 

1.7..013 

L21271 
S.22495 
12.993 
12.3306 
6.33652 

,.,,,. 
2.92759 
ll.8618 

16. ltllS 

~"""" 

M'*"' 
Ulll.61 
116.968 
56.1825 

26.1<455 
49.0159 
22.IJO] ,, .... 
163.»1 
17.3~2 
17.ll56 

Lll3J9 ,, .... , 
3.IS-.J 
l.119S-. ...... 
37.7541 
U82S4 

---
V 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 38
 



 

mRM-z 
p 

Import I 

" 
3 

Pa,arneter Vl/AJe Lints Notes ~-
AVel"agl! Depth Upstream ofContract:Jon ft 

DSO 76. 200000 mm 

Ave~ Veodty ~trf!affl 

Results of Soour Condition 

~ ftJs 

cnooilvelodty above wt-ocn~mat=olofsjze Dands... 8.75 

Controcbon Scour Condition 

Oe~r w~ter Input hra~tcrs 

Dlsdwge n C.OOb' acted Section 

Bottom Width n Contracted s«lJon 

Dei>th Prior to Scour In Conncted Secoon 

Live Bed • Oe•r W•ter Input P•r•meters 

T~ue ofWatrr 

Slope of &><rgy Grade t..no at Approach Secbon 

~ nContraaed Sec-
Cllscha,-ge Upstream that is Transport,ng Sedment 

Width In Contracted Section 

Width UpstrellOI that Is Tron5'J(lttr,g ~t 

De!>th Pr"' to Scour n Contracted Section 

t.nt We,g,t of Water 

LhtWe,g>tof Sedmont - ... ~----

Oe:.-Water 

165.00 

°'"""''"'of~ smalost nontransportable portlde., ~ b ... 95.250000 

Average Depth In Contracted Section after Scour 3,89 

Scour Depth 0.07 _.,.LNe __ 
kl 

Shear Velodty 

FolVelooty 

Av«~ ~th n Contractt:d Sttbon afttt Scol.s 

Scour Depth 

She..- Apoled to Bed by uve-Sed Scour 

Shear Req<wed for Movement of DSO Parbde 

lleoDnN1I e• d1tioas 

0.640000 

2.0<I 

1.64 

4.52 

0.10 

2.3732 

1.0003 

ft/s 

mm 

ft 

ft 

J\~ :":",.I, .;t Vle IOWer limit for , .. 

Ncgabve values m,iy 'zero· ... 

osed 

--(opproad,) : 

Approad, secbOn left borit station (ft) 
Approach secbOn ri!lht borit Sta- (fl) 
Approad, sodlon maon ,h«,ne! width ( ft) 
Appro«h section man ,h«,ne! flow (cfs) 
Approach section man charnel Row arc.-, (ft" Z) 
Approad, section man <hamol wetted permeter (ft 
Appro«h section m.,;,, <hamol hydrauk rod,.,, 
Approach sodlon...., <hamol hydroulit dep 

(used fo, ·--depth_ .. 
Approach · · ma · 

-1>ankstabon(ft): 
ft overl>iri: avorage flow dei>th (ft): 

Left overl>iri:ave<age velooty (ft/s): 
Left overl>iri: flow vodth (ft): 
l eft overl>iri: tlow (cfs): 
left overl>iri: tnl disdlar9e (cfs/ft): 

Right ov<Jbank stabon (ft): 
Right ov<Jbank •-age flow depth (ft): 
Right ov<Jbank •-age velooty (ft/s): 
Right ov<Jbank flow width (ft): 
Right ov<Jbank flow (cfs): 
Right ov<Jbank t.ntdsdia,ge (cfs/ft): 

17.709 

52.1215 

CONTRACTED SECTION HYDAAUUC PARAMETERS: 

17.709 
52. L21S 
3'1 .• 125 
925. 289 
127.097 
3'1.612 
3.67205 
3.6933'1 

•.O<I~ 
26.8881 
7,28017 

8.7~13 

1.21274 
5.22495 
12.993 
82.3306 
6.33652 

2.1.2396 
2.92759 
13.8618 
86.1936 
6.21808 

0.03'18"63 
1011.61 
116.968 
56. 1825 

2'6.1'455 
49.0159 
22.8103 
22.865" 

863,281 
87.35"2 
87.3356 

I , 18339 
22.66<1 
3.85"3 
3.8195" 

4.60188 
37.7518 
9.8825" 

Contraction Scour
 

Image Source: Casey Kramer 

Slide 39
 



  

Contraction Scour
 
Approach Section Pebble Count D50 Design Mix D50 
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Contraction Scour
 

To Demonstrate Requirement of All Flows Up To Scour Design Flood and Scour Check Flood ONLY
 

Depths of Scour are Determined at PHD as Structure Type, Size and Location has not Been Determined
 

Total Scour Elevation at Each Infrastructure Component is Determined by Interdisciplinary Team as Design Progresses
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