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lowa DOT Projects Using 2D Modeling

» Statewide Lidar — Completed in 2010

» U.S. 69 over lowa River near Belmond

» |A 330 over lowa River near Albion

» |-35 over South Skunk River south of Ames

» U.S. 65 over Des Moines River near Pleasant Hill
» City of Dumont Flood Mitigation

» |-80 over N. Raccoon River — Bendway Weirs

(0WADOT



LiDAR Data Received
October 14, 2010
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Data set is now complete.
New Tiles (LAS and XYZi formats):




What is LiDAR?




Contours/DEM




LiDAR Tools

e UNI GeoTREE

— http://www.geotree.uni.edu/lidarProject.aspx

e Quick Terrain Modeler
— http://appliedimagery.com/index.html

e ESRI ArcGIS

— Spatial Analyst Extension

— 3d Analyst Extension


http://www.geotree.uni.edu/lidarProject.aspx
http://appliedimagery.com/index.html

1D Hydraulic Model (HEC-RAS)
T R TR (!

* 1D — HEC-RAS -
— & widely accepted —
'''' 5 S predicts average

' S ] - velocity in cross
section and water
surface elevation

'''''''''

* Very challenging to
model in 1D,
Ineffective Flow
Areas, Losses from
channel bends,

: \/\A /)/ o : Overtopping levee
Sections from systems

USACE — Des
Moines River
Model




2D Hydraulic Models

» 2D Models— predicts
depth-averaged two-
dimensional velocity
and water surface
elevation

* Combines channel
bathymetry + LiDAR
(floodplains) + Surface
Roughness into a
velocity field




U.S. 69 over lowa River — Belmond,
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EXISTING CONDITION - 2008
EVENT WATER SURFACE
CONTOURS 0.1 FT INTERVAL

UPPER MODEL LOWER BOUNDARY USES
WATER SURFACE CALULATED BY LOWER
MODEL. BOUNDARY DIGITIZED ALONG
LINE TO REFLECT NEARLY UNIFORM

WATER SURFACE THROUGH THE RANGE
OF FLOWRATES TO BE MODELED. IOWA RIVER NEAR BELMOND IOWA - WRIGHT COUNTY




ISTING CONDITION - 2008 - i
WVENT WATER SURFACE.
ONTOURS 0.1 FT INTERVAL

| 2008 OBS EL. 1170.4 Biiunmesy ~meiow 0 s ool o8 . WSl OBS EL. 1173.

- MODEL EL. 11708 Rl e P e -ffgg&BgLElh;y:o '
UPSTREAM < i N B '

2008 OBS EL. 1170.8

MODEL EL. 11711

MODEL CORRELATION WITH DBSERVATIONS
FOR 2008 EVENT, FOR 2D MODELS,




 EXISTING CONDITION - 100 YR
WATER SURFACE CONTOURS |
0.1 FTINTERVAL

¥

+ UILDINGS MODELED AS |
' INEFFECTIVE FLEIW AREAS

'." rl ﬁﬂ. j _
i g X i : il 1 ¥
q I:' FLOW TO ROAD OVERTOP | /7 . A 0.7 FT WATER SURFACE DIFFERENTIAL

8 F CONTROLLED BY — . | .. WESTTO EAST BRIDGE ABUTMENTS © |
i OVERLAND FLOW X ' e

EXAMPLE OF COMPLEX FLOW / ENERGY |
GRADIENT FATTERENS, 1D ASSUMPTION [%_
THAT STREAM CROSS SECTIONS [
REPRESENT A COMMON WATER
SURFACE IS PROBLEMATIC AT
LOCATIONS WITH COMPLEX FLOW

| PATTERNS




US 69 ETW IMPACTED BY 6 YR EVENT 4
4.3 FT OF ROADWAY INUNDATION| Wil '
'\ FOR 100 YR EVENT N 183 FT BRIDGE._

49% OF STHEAM FLOW

D r‘:b_..;.%_:1w_vqﬁ_?\5mwx;x P v

WITH HIGH DAMAGE POTENTIAL. NUMEROUS
" | BUILDINGS IN UPSTREAM FLOODPLAIN, EXISTING! : F
"\ | PRE-DEVELOPMENT CONVEYANCE PATTERN TO BE L -
| SIGNIFICANTLY ALTERED BY IMPROVEMENTS TO BN EX ¥TING QNG TION 190, ¥R

| REDUCE OVERTOPPING FREQUENCY _ I V0 TER SLURFAGE GUNTOLIRS
e i ]




[ USE OF 2D MODEL PROVIDES A HIGH DEGREE
OF CONFIDENCE IN PREDICTED HYDRAULIC
PERFORMANCE, RESULTS FROM A 20 MODEL

309 FT BRIDGE k..
81% OF §
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i MITIGﬁTIDNﬁL 30-100 YR
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A 330 over lowa River Near Albion
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EXISTING CONDITION - 100 YR
EVENT WATER SURFACE
CONTOURS 0.2 FT INTERVAL

=

BRIDGES.

COMPLEX FLOODPLAIN

NUMEROUS DIKES AND EMEANKMENTS
THAT ACT AS HYDRAULIC CONTROLS.
RAILROAD WITH MULTIPLE OVERFLOW

2D MODEL SIMPLIFIES ANALYSIS OF A

® |-:: USFEET 4000
I ——

- ALBION =
- & T -

IARR

FLOODPLAIN CONTROLS |
DIKES, EMBANKMENTS, ETC,

IOWA RIVER NEAR ALBION IOWA - MARSHALL COUNTY




EXISTING CONDITION - 100 YR
ATER SURFACE CONTOURS

564 FT BRIDGE
BUILT 2000
48% OF FLOW
m

X .._....__g____

ALBION POTABLE
WATER FACILITY

COMPLEX FLOODPLAIN DOWNSTR
HIGHWAY CROSSING. HIGH DAMAGE
WITH NUMEROUS BUILD|INGS N UPS
FLOODPLAIN, EXISTING/PRE-DEVEL
CONVEYANCE PATTERN TO BE SIGNIFICANTLY
‘| ALTERED BY IMPROVEMENTS TO REDUCE
| OVERTOPPING FREQUENCY

|IA 330 CROSSING
EXISTING CONDITION




564 FT BRIDGE
BUILT 2000 450 FT BRIDGE
57% OF FLOW 12% OF FLOW

320 FT BRIDGE
23% OF FLOW

TR12X12RCB o/ &
8% OF FLOW %

DEL RESULTS INDICATE THAT MAIN CHANNEL
DGE LENGTH BEYOND 350 FT RESULTS IN
MINIMAL BACKWATER REDUCTION.

FUNDS FOR EXTRA 200 FT OF BRIDGE COULD
HAVE BEEN DIVERTED TO OVERFLOW BRIDGE

CONSTRUCTION.
P | w 'I 3 l

IA 330 CROSSING
PROPOSED IMPROVEMENTS




ELECTRIC
SUBSTATION

EXISTING CNDITIGN - 100 YR
WATER SURFACE CONTOURS |

| EXAMPLE OF A TYPICAL ROAD CROSSING,
| EXPECTATION WOULD BE THAT A 1D MODEL
.| COULD PROVIDE A REASONABLE WATER
| SURFACE ESTIMATE AT SUBSTATION

L—

2.0 FT WATER SURFACE
DIFFERENTIAL ACROSS
O/S "SECTION

LOCAL ROAD CROSSING
EXISTING CONDITION



Menlo

I-35 over South Skunk River
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L] e ..u -
CAMBRIDGE s
T OWA : W

LIMITS |
ENTER MODEL Ay

e B
] =
o H

~ LiMITS

s . LOWER MODEL
DOMAIN SPLIT INTO THREE MODELS AS FOLLOWS: Fab | EE
L - DOMAIN EXTENDS TO UPSTREAM OF US 30.

LOPED TO PROVIDE REALISTIC HEAD BOUNDARIES
FOR 'PRODUCTION' MODELS.

CENTER - TRUNCATED LOWER MODEL TO PROVIDE A MORE
RESPONSIVE (SMALLER) MODEL FOR DESIGN ANALYSIS AT
I-35 CROSSING.

UPPER - MODEL WITH 30% SMALLER CELL SIZE TO BETTER

CAPTURE URBAN EFFECTS IN AMES AREA. TUFLOW MODEL DOMAIN
SKUNK RIVER / SQUAW CREEK NEAR AMES, IOWA - STORY COUNTY




CAMBRIDGE

‘g . 5 g
s 3

NUMEROUS DIKES AND EMBANKMENTS THAT ACT AS
HYDRAULIC CONTROLS, TUFLOW APPROACH THAT
ALLOWS INSERTION OF BREAK LINES TO MAP CONTROLS
PROVIDES FOR RAPID MODELING OF A COMPLEX

FLOODPLAIN.

(A) MODEL V5. OBSERVED DIFF
PROBABLY DUE TO DIKE/LEVE
MODEL DEVELOPED BASED ON

BREACH UPS

EAM.

RENTIAL THIS LOCATION

STORED L

=

-

- CR CB0|

FLOODPLAIN CONTROLS e |/
DIKES, EMBANKMENTS, ETC. |

US FEET




ISTING CONDITION - 2010




FOR 25 YR EVENT SITE APPEARS TO HAVE A CONVEYANCE ' ' \ [0 usFeer iz00
REASO Y MODELED BY 1D
TIC AREA IS THE DIFFERENTIAL

PATTERN THAT COULD B
METHODS. ONLY PROB
ACROSS THE DIKE 5YS

5,

TREAM OF 1-35.

MAIN CHANNEL
BRIDGES

DIFFERENCE

) DIKES

@ |
I{: i F = % ,_..

: } ; ! 7 3 ’
1-35 SKUNK RIVER CROSSING - EXISTING CONDITION 25 YR



FOR 100 YR EVENT S|TE HAS A SIM|LAR CONVEYANCE PATTERN
TO 25 YR EVENT. VARIABLE WATER SURFACE ALONG I-35

| OVERTOP SECTION COULD PROVIDE A MINOR CHALLENGE
FOR 1D MODEL DEVELOPMENT,

L s ; I-35 NORTH
AIN CHANNEL ’
SRIDGES } 3% OF FLOW

A0FTWS SIDE ROAD
DIFFERENCE OVERHEAD BRIDGE

1.8FTWS
DIFFERENCE

DIKES
EXISTING CONDITION- 100 YR |
NT WATER SURFACE

W
COMTOURS 02 FT INTER‘.ML

—35 SKUNKRIVER CROSSING - EXISTING CONDITION 100 YR




CDN\I"EYAHCE PATTERNS CDHFI_EI'ELY CHANGED FROM .
EXISTING TO PRE CONDITION. A SEPARATE
|10 MODEL WOULL

DIKE MODIFIED TO |
ESTIMATED %
PRE-HIG| AY LEVEL ™=

AET: T e
e g!;ji qa

|-35 EMBAN KHEHT LﬂlH R E-57 EMBANKMENT 3
REMOVED 13% OF FLOW | LOWERED %I:'E'I;ll-':ll._g&nﬂmm

1.6 FTWS
DIFFERENCE

1-35 SKUNK RIVER CROSSING PRE- DEVELOPMENT 100 YR

0 HTG-URS ¥ 2 FT IHTERWkL

|{|




WATER SURFACE =

-0.8 FT FROM EXIS '
+1.0 FT FROM PRE-D :

' SLIGHTLY LONGER . RCB 18%
: . OF FLOW

2.1 FTWS ' ONGER SIDE ROAD
DIFFERENCE OVERHEAD BRIDGE T
OR OUTLET CI-I.M.IHE .

PROPOSED ALT, 121 -100 YR
EVENT WATER SURFACE || =

V8 CONTOURS 0.2 FT INTERVAL
. = 3 S S ]

121 100 YR

; F AR ' < o
| 1-35 SKUNK RIVER CROSSING - PROPOSED ALT.




1-35 Skunk River Crossing - 2010 Event

© James Moreland




—

Squaw Creek University Blvd. - 2010 Event

© James-Moreland
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U.S. 65 over Des Moines River
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PLEASANT H“_L ik 0 L FEET 40K]

= - i [OWA : . . ¥
| o : ~ EXISTING CONDITION - 2008
DES MOINES s ~ _ T § i 4 EVENT WATER SURFACE [BF
JOVR OQ / ul } RO CONTOURS 02 FT INTERVAL

C (e . { ¥ | .

LEVEE —\J t o o A, s . -3 '

RS Us 85! TN b o
1 e VTR T B gD ¥

VANDAL A RD = . : L, o
f
“t"/_ LEVEE —\

';:\ﬁi 5 18 (% G

E &
L SE 14TH 51

HARTFORD AVE

FLOODPLAIN CONTROLS B8

DIKES, EMBANKMENTS, ETC.
' : . L B _ IQPHH—}:
SE 45TH ST LP7t

US 65—

%
1.6 FT DROP [§ RIS X
L ACROSS REMNANT

..-\_/LE"."F.E }
!

AVON LAKE 1
|OWA B

LIS 65 RELOCATION [N 1885 RESULTED IN
BLOCKAGE OF A LARGE PORTION OF THE :
DES MOINES RIVER FLOQDPLAIN, o WA . ;o
NUMERCOUS REMNANT DIKES AMD LEVEES B i o
ACT AS HYDRALLIC CONTROLS, ol v

£

DES MOINES RIVER NEAR PLEASANT HILL IOWA - POLK COUNTY




US 65 Des Moines River Crossing - 2008 Event




AN US 85 RELOCATION RESULTED IN A SIGNIFICANT PORTION O T
T S A OF THE CONVEYANCE BEING RELOCATED TO THE MAIN |« e
AT CHANNEL IN THE BRIDGE AREA, RESULT WAS EXCESSIVE | - &
, R BACKWATER AND A 24 FT DEEP SCOUR HOLE IN THE AREA ! i
gy OF THE BRIDGES (MEASURED AFTER 2008 EVENT). - /
o i = e -

AN t GREAT APE
: _ TRUST
b 16 FT TO 28 FT DEEP

SCOUR HOLE MEAS,
f\ AFTER 2008 EVENT

24 FT DEEP SCOUR
HOLE MEAS. AFTER
2008 EVENT

o / :

815 FT MAIN
i CHANMNEL
ELECTRIC ™ BRIDGES
'SUBSTATION AT
1.2FTDROP
ACROSS BRIDGE
WATERWAY

MIDDLE FP FLOW
PRE-HWY 27%
EXISTING 1%

5.4 FT DROP
ACROSS Us 85
PRt

SOUTH FP FLOW
PRE-HWY 27%
EXISTING 10%

EXISTING CONDITION - 100 YR
" WATER SURFACE CONTOURS
B El 2 Fr |NTER’V&L'T- "

US 65 CROSSING AREA
EXISTING CONDITION




PROPOSED US 65 MPROVEMENTS REDUCE BACKWATER TO
ACCEPTABLE LEVEL.

HYDRAULIC GRADIENT UPSTREAM OF SE 45TH ST ALIGNMENT |5
PRIMARILY DUE TO LOSSES FROM CHANNEL BEND IN FLOODWALL | =
AREA, —
FOR COMPARISON LEVEE REACH NEAR. SE 14TH 5T HAS GRADIENT
APPROX. 2.0 FT/MI. SCOUR HOLE DEPTH MEAS. FOLLOWING 2008
FLOOD WAS 28 FT AT A 2.2 FT/MI GRADIENT.

20 MODELS PROVIDE ABILITY TO CAPTURE BEND LOSSES,

L "4\

o A
0.8 FT WS DROP
FROM EXISTING |

N

'3.6 FT DROP OVER 5000 FT ~  ~ =
OF CHANNEL (38 FTM)) © ~ =

FLOOD WALL | -

-J'

0d

D
i

w22
EL

-

i "ﬂ.‘. &
580 FT WIDTH, 720 FT WIDTH TYP
IM LEVEE SECT WS SE 14 TH 5T

A
&

7

915 FT MAIN

e .. S s LEVEE
L

o . CHANNEL
. ELECTRIC | BRIDGES
j,i' SUBSTATION ST
) 0.7 FTDROP
| | r i ACROSS BRIDGE!
A : ,. WATERWAY
Z : ' . .r/ \
- -
- 700 FT n b5 S ;
] SE 45TH ST OVERFLOW LEVEE .-""rf 7 L
BRIDGES e (z : £
: L : Y MIDDLE FP FLOW D P
466 FT w d o e PRE-HWY 27% ' S T
g;l%ﬁg_suw ; - : e PROPOSED 0% » » :
L et 1.9FTDROP ' ; ’ ” |
US 85 _\'F BT ACROSS US 65 \
: MITIGATE ALT 36 - 100 YR
0.9 FT DROP| . WATER SURFACE CONTOURS
SOUTH FP FLOW L / : 0.2 FT INTERVAL P9

AGF{{?S& UEFE PRE-HWY 273

‘ (PROPOSED 6% . [ US 65 CROSSING AREA
M—“"h’/_\ | |PROPOSED IMPROVEMENTS




Looking West at 466" Overflow Bridge




466’ Overflow Bridge




City of Dumont — Flood Mitigation

HARTGRAVES CREEK

NEAR DUMONT, IOWA

BUTLER COUNTY
A 0 R YL

b L7 | LARTE TN

ITY OF DUMONT @it

8 X4
REINFORCED
CONCRETE
BOX CULVERT
2 s 2

£5"72 NCH B 8\ \RTGRAVES CREEK §
CULVERTS OVERFLOW BRIDGE REINFORCED
" = i

CONCRETE|
B a4 !
i \ e CREEK :
1 :

BOX CULVERT
4

ESE ¥ DOUGLAS AVENUE (COUNTY ROAD Ti6) 4%

.‘:\

VICINITY MAP
FIGURE 1



City of Dumont — Flood Inundation

EXISTING CONDITION
JUNE 2010 STORM EVENT
HARTGRAVES CREEK
NEAR DUMONT, IOWA

BUTLER COU

WATER. SURTACE TLEVATION R gk L AT RS & (S

960 o4
9o S|

E (COUNTY ROAD Ti6) &=

A

|“:,'.
|
i

WATER SURFACE ELEVATION-EXISTING CONDITION |
FIGURE 2



Raise Cedar Ave. w/Closures

CEDAR AVENUE RAISED TO ELEVATION 984.0 WITH OVERFLOW BRIDGE AND BOTH 10" X 3' CULVERTS TEMPORARILY PLUGGED
JUNE 2010 STORM EVENT
HARTGRAVES CREEK
NEAR DUMONT, IOWA

WATER SURFACE ELEVATION (FEE

q
2
z
3
Q
2
:

ol s vy

WATER SURFACE ELEVATION-CEDAR AVENUE RAISED TO ELEVATION 9840
WITH OVERFLOW BRIDGE AND BOTH 10" X 3' CULVERTS TEMPORARILY PLUGGED

FIGURE 6

A




-80 over North Raccoon River
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Early 1960’s
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Current Aerial




Looking D.S. at I-80 Bridge

WING DIKE

over South Raccoon River
Dallas County




Looking U.S. from East Bank
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Bendway Weir & Stone Toe Design




Verification of Bendway Weir Design




When Should 2-D Hydraulic Modeling

Be Used?

» Overflow Bridges
» Flood Plains with Flank/Lateral Levees

» Roadways Significantly Skewed to the Flood
Plain/River

» Locations that are Hydraulically Complex



Questions?

Dave Claman, P.E.
Preliminary Bridge Engineer
lowa DOT

515-239-1487
david.claman@dot.iowa.gov
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