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Typical Hydraulic Data

Drainage Area
Q100

Elevation @ Q100
Backwater
Velocity @ Q100

Gross Waterway Opening Required Below Q100 Elevation
(Structure)

Waterway Opening Over Road

Minimum Low Structure Elevation

Approximate Skew

Existing Waterway Opening Below Q100 Elevation (Structure)
Existing Waterway Opening Road

Existing Low Structure

Existing Backwater
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Determining Drainage Area

USGS Quadrangle Topographic Maps
= L-THIA

= Field Investigation

= Drainage Areas of Indiana Streams




Determining Q100

= IDNR Discharge Letter
= Coordinated Discharges
= Gage Stations

= Rational Method

= TR-20

= (see Chapter 202 in the Indiana Design
Manual)




WSPRO vs HEC-RAS

Cumulative Flow Distance
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Determining Q100 Elevation

River Sta Profile : lF‘Ian Q{l’f{;t}al Min(:]h El W.S(.ﬂ}llflev Crit(:;’.s. E.G(.ﬂ I]Ele\.r - F O r H E C- R AS ’
= e odm o interpolate between
3 PF 1 Natural 150000]  80067| 80827 808.34 Cross-section H2 and
PF 1 Existing 150000 800.47 809.57 806.71 809.59 #3 (n atu ral con d |t| on S)
PF 1 Proposed 150000]  80047| 80867 80675 80897
PF 1 NanTal 150000]  80047] 80807 808.14 to _ the d own Stream
— bridge face location
2 PF 1 Existing 150000] 80040 80787 80656 80869
T s | ma| s [ wm May USe Cross-section
1 PF 1 Existing 150000] 80000 80760] 80832 80767 #2 (n_atu ral CO n d Iition S)
1 PF 1 Proposed 1500.00 200.00 80760 80632|  BOTE7 |f H2 IS W|th in O 1 ft Of
1 PF 1 Natural 150000] 80000 80760] 80832 80767 )
cross-section #3
(natural conditions)
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Determining Q100 Elevation

= Should be determined from downstream
bridge opening cross-section

= Should be based on previously determined
Q100 Elevation

= Should include the area of the piers

= Can be determined using geometry or
from model output




Gross Waterway Area

Opening of Bridge

s Start with Flow Area of

E.G. US. (it) 808.97 | Element Inside BRUS| Inside BR DS dOWﬂStream brldge

W.S. US. (ft) 808.67 | E.G. Elev (ft) 808.86 808.72 .

Q Total (cfs) 1500.00 | W.S. Elev (ft) 808.02 807.83 ] Ad d th e P ler Area fro m

Q Bridge (cfs) 1500.00 | Crit W.S. (ft) 806.65 806.57

@ e e i G Dt 1 the ground to waterway
Weir Sta Lt (ft) Vel Total (ft/s) 6.84 7.06 '

surface elevation of the
Weir Submerg Froude # Chl 0.64 0.68 b rldge

Weir Max Depth (ft) Specif Force (cu ft) 946.34 930.34

Min EI Weir Flow (ft) 812.01 | Hydr Depth (ft) 4.20 4.13

Min EI Prs (ft) 810.00 | W.P. Total (ft) 76.72 75.04 u Ad d or su btraCt Wate r

Delta EG (ft) 0.44 | Conv. Total (cfs) 23170.1 22304.7 S u rface e I eva‘“ O n

Delta WS (ft) 0.69 | Top Width (ft) 5219 51.44 .

BR Open Area (sq ft) 330.55 | Fretn Loss (ft) 0.13 0.09 d Iffe re n Ce betwee n Q 100
BR Open Vel (ft/s) 7.06 | C & E Loss (ft) 0.01 0.11 : :

Coef of Q Shear Total (lb/sq ft) 0.75 0.80 e I eva_'tl O n an d b rl d e )

Br Sel Method Energy only | Power Total (Ib/ft s) 5.12 5.64 mu |t| pl |ed by th e water

surface width at the
bridge




Gross Waterway Area

A
> X
Y

Water Surface
Elev. @ Bridge

A2

Bridge Pier

Al + A2 + A3 = Gross Waterway Area




Gross Waterway Area
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Determining Road Overflow

= Choose “Bridge Only” option from Standard Tables

s Add “Weir Flow Area” column from Define Tables
option

= Use Weir Flow Area data from Profile Output Table

River Sta Profile

E.G. Us. Min El Prs BR Open Area Prs O WS Q Total Min EI Weir Flow Q Weir Delta EG Weir Flow Area
(ft) () (sq 1) () (cfs) () (cfs) () (sq i)
310 Q10 590.43 590.00 212.55 590.19 1120.00 592.01 0.1
310 Q100 593.75 590.00 212.55 2800.00 592.01 732.56 1.06 212.06
310 Q 500 59586 590.00 212.55 4760.00 592.01 2404.89 1.12 470.41
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Determining Road Overflow

= Can subtract out appropriate bridge area from the total
flow area given in the bridge output

= May also figure out graphically
= Exact value is not critical to design




Backwater and Surcharge

: 1) Existing 3/16/2007 2) Proposed 3/16/2007 3) Natural  3/16/2007
|

Example Project Plan

Examples 1 |

| B PR Eeehe
l | WS PF 1 - Proposed

! | WS PF 1- Natural
T e
Surcharge Ground
Existing Backwater

Proposed
Backwater

Main Chann

= Backwater is the difference between the water surface elevation
upstream caused by the bridge and the natural water surface

elevation (no bridge)
= Surcharge is the increase in water surface elevation over
existing conditions




Determining Backwater

= IDNR Is mostly concerned with the effects
of proposed condition verses existing
(surcharge)

= INDOT Is concerned with the same plus
the effects compared to natural conditions
(no bridge)




Determining Backwater

= |f existing structure creates backwater > 1.0 ft., the
proposed structure must have backwater equal to or less
than 1.0 ft.

= If existing structure creates backwater < 1.0 ft., the
proposed structure must be equal to or less than existing
backwater except...

= |f existing structure creates backwater < 0.14 ft., the
proposed structure may have backwater up to 0.14 ft.

= For new road alignment, the proposed bridge must have
surcharge no greater than 0.14 ft.




Determining Backwater

River Sta Profile Plan Q Total Min Ch El W.S. Elev
(efs) (ft) (ft)
PF 1 Existing 1500.00 B00.67 809.61
PF 1 Proposed 1500.00 B00.67 809.13
PF 1 Natural 1500.00 B00.67 80827
PF 1 Existing 1500.00 80047 80957
PF 1 Proposed 1500.00 80047 808.67
PF 1 Natural 1500.00 80047 808.07
25 Bridge
PF 1 Existing 1500.00 500.40 80787
PF 1 Proposed 1500.00 800.40 807.99
PF 1 Natural 1500.00 800.40 808.00
1 PF 1 Existing 1500.00 500.00 807.60
1 PF 1 Proposed 1500.00 500.00 807.60
1 PF 1 Natural 1500.00 500.00 807.60

= Subtract difference
between cross-section #4
natural and either
proposed or existing
conditions

= Exist BW = 809.61-
808.27= 1.34 ft.

= Prop BW = 809.13-
808.27= 0.86 ft.




Determining Outlet Velocity

Plan: Proposed Example 1 RS:25  Profile: PF 1

E.G. US. (ft) 508.97 | Element Inside BRUS| Inside BR DS
W.S. US. (ft) 508.67 | EG. Elev (ft) 808.66 808.72
Q Total (cfs) 1500.00 | W.S. Elev (ft) 808.02 807.83
0 Bridge (cfs) 1500.00 | Cnt W.S. (ft) 805.65 806.57
Q Weir (cfs) Max Chl Dpth (ft) 755 743
Weir Sta Lft (ft) Vel Total (ftls) 6.54 7.06
Weir Sta Rgt (ft) Flow Area (sq ft) 21942 21245
Weir Submerg Froude # Chl 0.64 0.68
Weir Max Depth (ft) Specif Force (cu ft) 946.34 930.34
Min El Weir Flow (ft) §12.01 | Hydr Depth (ft) 4.20 4.13
Min El Prs (ft) §10.00 | W.P. Total (ft) 16.72 75.04
Delta EG (ft) 0.44 | Conv. Total (cfs) 23170.1 223047
Delta WS (ft) 0.69 | Top Width (f) 5219 51.44
BR Open Area (sq ft) 33055 | Fretn Loss (ft) 013 0.09
BR Open Vel (ft/s) 7.06 | C&E Loss (ft) 0.01 0.11
Coefof Q Shear Total (Ib/sq ft) 0.75 0.80
Br Sel Methed Energy only | Power Total (Ibfft s) 512 564

= Use Velocity Total

on the downstream

side.
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Riprap Sizing

= Riprap size will be based on outlet velocity

= Riprap protection should be shown on plans sent for hydraulic
review

= Upgrade one riprap size for scour protection on an outside bend

Outlet velocity Riprap size
< 6.5 ft/s Revetment
6.5 ft/s to 10 ft/s Class 1

10 ft/s to 13 ft/s Class 2




Determining Low Structure

s It IS desired to have at least 2.0 ft. of
freeboard over Q100 Elevation

= Low structure elevation given in data will
be determined by bridge geometry input




Determining Low Structure

N s A flat deck should
Egvﬁsrg?:ucwre g ive the IOW .
Elevation structure elevation

that IS constant
across the bottom

= A deck on a grade
Low Structure should give low

E levation

ent structure elevations
o s TOF DOth end bents.

Elevation
Bent *2




Determining Low Structure

s Low structure
elevation of an arch
o siructure - StTUCtUre should be
Elevation of Arch g|ven at the h|ghest
point of the arch




Determining Skew

= More important to be lined up with the
stream on the inlet than the outlet

= Compromises may be needed on severe
bends

= Make sure calculated waterway opening Is
normal to the direction of flow

= Areas change very little on skews less
than 15 degrees




Scour Data Requirements

Horseshoe and Wake Vorices arcund a Cyindrical Element

Surface Wakes

—+ Horseshoe Vortex
---= Wake Vortex
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Typical Scour Data Summary

Q100 Discharge
Elevation @ Q100
Velocity @ Q100
Contraction Scour Depth
Total Scour Depth

Low Scour Elevation

Q500 Discharge
Elevation @ Q500
Velocity @ Q500
Contraction Scour Depth
Total Scour Depth

Low Scour Elevation




Determining Scour Data

= Q100 & Q500 Elevation determined from
hydraulic data

= Q500 Is determined from gage data or other
hydrologic methods (do not use 1.7 multiplier
anymore)

= Q500 Elevation is determined by running model

using Q500 storm event and using cross-section
#2 (natural conditions) water surface elevation




Determining Scour Data

= See handout for process to use for
scour input In HEC-RAS

= Compute scour for both 100 & 500 year
storms

= After input data, press “compute”
button, then “report” to view scour
output




Determining Maximum Velocity

Plan: PropBrFW9-26  RIVER-1 Reach-1 RS:35.71 BRU  Profile: Design
Pos LeftSta | RightSta | Flow Area WP. | Percent Hydr Velocity C t -

(ft) (ft) (cfs) | (sqft) (ft) Conv | Depthift) | (ftls) . r O S S = S e C I O n
LOB 113103 117260 4089 2975 2592 0.31 187 137

0B |17260 |1417 | 68128| 19461 4172] 524 468 350 TabIeS>Type>FIOW

LOB 121417 |1255.74 519.14| 18842  49.09 445 476 307

Ch 125574 |1264.05 0786 4757) 883 160 T2 43T 1 1 1 1
. 21231 40931)  7424] 940|315 B3| 55 DIStrIbUtlon In CrOSS'

Chan  |1264.05

Chan  |1237 128068 | 621 o158 exm  am] 10w .
2699 | eoret] w7 3|  sw| 14| 1w sections
Chan  |128839 129731 | eooss| o7ss| s3] s um| 107
Chan  |129731 |130562 | 18954| 7426 2984 146  1176] 25 . .
[ sa| s 719 M Flnd maxXimum
| lohan  [3393 |25 | 7mes| arra] s3] sa] iz 70
2 [onan 1225 [i3ass | 7w o] wm|  sm|  nme] 79 I t f b th 100
3 ohan 1330 [mmee | tooss] ol em|  sm[ 7] 79 VEIOCI y or bo
4 ohn  [1mse a7t | tooss] ol em|  sm[ i7e] 719
5 [chan  |1M719 |50 | 643 9120 632 5% 1169 105 & 500-yr storms
6 |Chan 13850 |1%382 | 6304] 9363 633 502 1126 697
i

=

Chan  |1363.82
Chan  [1372.13

1
2
3
4
5
6
7 Chan 126068
]
9
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
0 Chan  [1305.62 |1313.93 70284 9778 8.3
1
1
1
1
1
1
1
1

ey  from the velocity
distribution output

[==1
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Contraction Scour

Contraction Scour

Input Data

Results

Average Depth (ftk

Approach Velocity (ft's):

Er Average Depth (ftl
BR Opening Flow (cfs):
BR Top WD {fi):

Grain Size D50 (mm):
Approach Flow {cfs)
Approach Top WD (ft):
K1 Coefficient:

Scour Depth ¥s (R):

Critical Velacity (f's):

Egquation:

= Use maximum scour depth
= Stream may migrate

470
1.80
304
B5T 39
200
0.01
=84.95
&0.00
0.690

0.46

Liwve

Channel

8.15
338
6.31
1444 54
£1.00
0.01
138564
S0.00
0.690

342
0.51

Linve

389
0.46

Linee




Pler Scour

Fier Scour
All piers have the same scour depth
Input Data
Fier Shape: Round nose
Fier Width {f): 3.00
Grain Size D50 (mm): 001000
Depth Upstream (ft): S.00
elocity Upstream (fifs): 2.11
K1 Moze Shape: 1.00
Fier Angle: 0.00
Fier Length (ft): 3500
K2 Angle Coef: 1.00
k2 Bed Cond Coef: 1.10
Grain Size D90 (mm): 201000
E4 Armnouring CToef: 1.00
Results
Scour Depth s (ft): 578
Froude #: i0.30
Equation: CEU equation
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Total Scour

Combined Scour Depths

Fier Scour + Contraction Scour (ft):
Left Bank: 10.05

Channel: .20

s [otal Scour = Contraction + Pier Scour
s Use channel values for Total Scour

s Subtract total scour from flowline elevation to
determine low scour elevation




Helpful Websites

L-THIA 2.0
https://engineering.purdue.edu/mapserve/www/Ithia in/index.html

IDNR Division of Water
http://www.in.gov/dnr/water/

US Army Corps of Engineers — HEC-RAS
http://www.hec.usace.army.mil/software/hec-ras/

NOAA — Rainfall Intensity
http://hdsc.nws.noaa.qov/hdsc/pfds/orb/in pfds.html



https://engineering.purdue.edu/mapserve/www/lthia_in/index.html
http://www.in.gov/dnr/water/
http://www.hec.usace.army.mil/software/hec-ras/
http://hdsc.nws.noaa.gov/hdsc/pfds/orb/in_pfds.html
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