Scour Guidance Packet

This package provides information to help establish a framework for performing a scour analysis.

0 Scour evaluation summary sheets and computation summary worksheets were developed in
conjunction with information contained in the National Highway Institute (NHI), Hydraulic
Engineering Circular No. 18 (HEC-18), Fifth Edition, Dated April 2013

Items included with this packet are:

0 Scour evaluation summary sheets which can be used to help provide a synopsis of the structure
and analysis.

0 Computation worksheets that can be used to help document methods & parameters used in the
scour analysis. They are also a useful tool to help the person doing or checking the analysis
outline their work.

0 Two Sample Sites

0 Asample based on using the worksheets to help document how the analysis was
prepared along with the outcome for one frequency. Exhibits and calculations are
included which support the study.

= A pre-worksheet & summary sheet version of the same location showing how
results and supporting calculations were effectively presented. This was
prepared independently from the worksheet version. The results between the
two studies are very similar.

0 Asample that was prepared prior to the development of the worksheets. This example
shows an alternative presentation of how calculations and judgement were applied to
the relevant scour equations at the project site. Augmented with the summary sheets
this study would be more easily reviewed.
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Scour Summary

Existing or Proposed Structure (circle one)

Structure Number:
Attach a brief narrative/summary of noting key findings such as the following:
Design Scour Event (such as 10-yr, 50-yr or 100-yr):

Attach Total Scour Plot
Superimpose scour check onto total scour plot

Scour check event (typically 200-yr event) :

- On plot identify elevation of bed before scour
- Add any other relevant notes
- Does the use of open abutments allow total scour to be used for design to be reduced:

Yes or No*
Note: *If Yes, then the total scour does not need to include abutment scour.

If Yes, does the total scour plot reflect and note this adjustment: Yes or No

Include a summary table of the computed scour depths

Note: Design Scour Event and Extreme Event |l are discussed in the November 7, 2014 All
Bridge Designers (ABD) memorandum 14.2

Identify critical scour depths below: (identify total scour and components such as
contraction, pier...)
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Scour Summary

Existing or Proposed Structure (circle one)
Structure Number:

Structure Type

] Bridge: Number of Spans: (note span length; ex 1 @ 60’ or 3 @ 60°-90’-60")

Number of Piers*:

Type and width of each pier (feet):

Note: * If number of piers is not zero then attach pier scour calculations and summary data

Abutment Type: Open*, Closed, Closed with Wing Walls (Circle one)

Note: *If structure has open abutments, then the total scour does not need to include
abutment scour.

[] Bottomless Culvert (Three Sided): Width (feet):

Height (feet):

Wing Walls: Yes or No (circle one)

Describe source of Median Bed Size (Dso) estimate used in Phase | scour evaluation:

Median Bed Size used in scour evaluation (ldentify Units): D5 =
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Blank Summary Sheets and Work Sheets

Summary Sheets

The Scour Summary Sheet consists of two pages. A brief narrative noting any items such as assumptions
or discrepancies that had to be accounted for should accompany it. The Hydraulic Report will also
include discussion of the scour evaluation in more detail.

Work Sheets

Work sheets were developed to help summarize parameters used in the application of different
equations for abutment and contraction scour. It should be noted that the NCHRP 24-20 method
includes contraction scour within the method. A worksheet for pier scour was not developed. Pier scour
evaluation can vary depending on different pier arrangements and other circumstances, so a single
worksheet to represent all situations seemed cumbersome.

Three worksheets were developed: 1) Abutment Scour (HIRE & Froelich Equations), 2) Contraction Scour
and 3) NCHRP 24-20 method.
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[] Existing [ ] Proposed  Flood Event: (years)
Structure Type:
[] sridge: # of Spans / Piers /

|:| Bottomless Culvert / 3-Sided: Span

_ft
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Note: Attach plot(s) that identifies and depicts the approach and constricted section,

appropriate summary tables such as for velocity distribution.

parameters were obtained.

Identify how input

STATE OF ILLINOIS
DEPARTMENT OF TRANSPORTATION

NCHRP 24-20
Abutment Scour Approach,
Total Scour at an Abutment

ROUTE:

WATERWAY:

COUNTY:

STRUCTURE NUMBER: D1 PDPDES5 (02/03/




[] Existing [ ] Proposed  Flood Event: (years)

(!

o) ) %

Check method being used for abutment scour: %/m
|

|:| HIRE Equation* |:| Froelich's Equation / I‘\%I\

If item does not apply, write "N/A" o=
Not to be used for NCHRP 24-20 Approach
*If L/y, < 25 HIRE Equation does not apply

° Left abutment Direction:

o= ° Right abutment Direction:

Direction: Upstream , Downstream or Perpendicular
© < 90° if embankment points downstream

© > 90° if embankment points upstream

© = 90° if embankment is perpendicular to floodplain
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Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input
parameters were obtained.

ROUTE:
STATE OF ILLINOIS Local Scour Data Sheet WATERWAY
DEPARTMENT OF TRANSPORTATION For Froelich's or HIRE Equations COUNTY:
STRUCTURE NUMBER: D1 PDPDE5 (02/03/




|:| Existing |:| Proposed

Flood Event:

(years)

Check bed condition for contraction scour:

Left overbank
[ Live bed

D Clear water

[ N/A (No flow)

Channel
[ Live bed

D Clear water

Right overbank
[ Live bed

D Clear water

O N/A (No flow)
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Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input

parameters were obtained.

STATE OF ILLINOIS
DEPARTMENT OF TRANSPORTATION

Contraction Scour Data Sheet

ROUTE:

WATERWAY:

COUNTY:

STRUCTURE NUMBER: D1 PDPDES5 (02/03/




Scour Summary

Existing of Proposed Structure (circle one)

. FA N ey #y gomne f T \
Structure Number: )& = 105 { Frae. )

Structure Type

f?;ridge: Number of Spans: ;1" O O % = (note span length; ex 1 @ 60° or 3 @ 60'-90"-60)

Number of Piers*: ‘Zﬁ
o ;o
Type and width of each pier (feet): CJ L 2‘{}» e (é f@@*f;})

Note: * If number of piers is not zero then attach pier scour calculations and summary data

ffgsna»\\‘
Abutment Type: fOpen*,(z,«Closed, Closed with Wing Walls (Circle one)

/J %\zﬂ(x
Note: #If structure has open abutments, then the total scour does not need to include
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[] Bottomless Culvert (Three Sided): Width (feet):

Height (feet):

Wing Walls: Yes or No (circle one)

Describe source of Median Bed Size (Dsp) estimate used in Phase | scour evaluation:
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Scour Summary

3 A,
S

Existing oT.Proposed Structure (circle one)

. g e ;5 "
Structure Number: (2 &% . 2 e /5 i }
Attach a brief narrative/summary of noting key findings such as the following:

Design Scour Event (such as 10-yr, 50-yr or 100-yr): sz223 - {f U3 Py ig/ﬂ A,
‘} . Wy § i o

+/ Attach Total Scour Plot
Superimpose scour check onto total scour plot

Scour check event (typically 200-yr event): 7Fgngy -

,;//On plot identify elevation of bed before scour
£ Add any other relevant notes
- Does the use of open abutments allow total scour to be used for design to be reduced:

or No*
Note: *If Yes, then the total scour does not need to include abutment scour.

If Yes, does the total scour plot reflect and note this adjustmen@ No
" Z ff ?;9 *

5 Include a summary Ftable oFthe e gomputed scour depths

Note: Design Scour Event and Extreme Event Il are discussed in the November 7, 2014 All
Bridge Designers (ABD} memorandum 14.2

Identify critical scour depths below and in narrative: (identify total scour and components
such as contraction, pier...)
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[] Existing Mposed Flood Event: /¢ 20 _(years)
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Note: Attach plot(s) that identifies and depicts the approach and constricted section,

appropriate summary tables such as for velocity distribution. Identify how input

parameters were obtained.

ROUTE: U = &
STATE OF ILLINOIS . WATERWAY, =l g p, B S
DEPARTMENT OF TRANSPORTATION | Contraction Scour Data Sheet EoaTY: N,\ﬁ,\gkﬂ &
STAUCTURE NUMBER: (0 &< -t Jra B
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D Existing lerroposed Flood Event: 7 OO (years)
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Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. 1dentify how input
parameters were obtained.

ROUTE:
STATE OF ILLINOIS Local Scour Data Sheet e }3 ;’N ;‘ﬁ%frw\

DEPARTMENT OF TRANSPORTATION For Froelich’s or HIRE Eguations COUNTY: o lALD
STRUCTURE NUMBER: U/ &5 - 20 ] 9 &
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E{mjge:#of Spans ! Piers _\ 4.1 Lo

D Bottomless Culvert / 3-Sided: Span__ #
z
V '2 6_) ' M V2R el -7 ;f{gf
AZi_ = /067, & A = /ﬁa’f 7, EL{ﬂfé\zR =
|_— @%@% :l Q - ﬁéﬁi}‘il QQR— f
Yo=d.4953 ;"-‘ Yoo =7 ¢ s’fg Yor=__\
q 2= ch -__é’_w w"q 2R = E/}
- A !
o¢ =_EC7 f'-f,' o
Set back , J 9 f Set backv
distance SB| = 7 7 distance SBg=
Left abutment = A “‘"5 ‘1‘\__= [ =1 Right abutment )
; .'? : !
Projected lenght of i 0\ ‘,-" Q _.,-" A § Projected lenght of
embankment ! / / | embankment |
\ LL"M&G/ : ,-": ,i'r | I L-R—_ﬁé_fi_ ¥
] Left floodplain wicth, By =_// 1.5 7 | Right floodplain width, B =_7//, ) CF
LL/BfL_ (?):,,3‘,,{ O Live bed : ,LR/BfR:M{ ['_;};,,hfv"é’g;’
@ Clear water :,", Il O clear water
> <z
V-”_: A4 "-.\ V‘IC: 4//4 -. V1R= /4
Ay = (7/370/ A1C /(//4 \"‘., A= %
Qq = 3%6’?%' QC" 2% a Qg =
Yo =400 Y1c— HSZ‘ Yir = j
Wi =/07/6 Wi = _6F 1 We =ﬁ
qi=5%-72- aic=/97 7(; QR = -
- Floodplain | -

C

Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input
parameters were obtained.

NGHRP 24-20 Aoute: (5 § % O
STATE OF ILLINOIS Abutment Scour Approach WATERWAY:  J31 o ( [n f}pw(u
DEPARTMENT OF TRANSPORTATION e ' COURTY: et D o
Total Scour at an Abutment STRUCTURE NUMBER: SR Pl
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Plan: PR Blackberry Creek Main before A RS: 62926.52 '

Profile: Q100

E.G. Elev (ft) 659.66 | Element Left OB Channel Right OB
Vel Head (ft) 0.05 | Wt. n-Val. 0.106 0.064 0.106
W.S. Elev (ft) 659.62 | Reach Len. (ft) 32.92 32.92 32.92
Crit W.S. (ft) Flow Area (sq ft) 437.01 583.39 1383.73
E.G. Slope (ft/ft) <0.000592 | Area (sq ft) 437.01 583.39 1659.72
Q Total (cfs) 2808.00 | Flow (cfs) 386.98 1357.00 1064.03
Top Width (ft) 580.16 | Top Width (ft) 104.16 68.00 407.99
Vel Total (ft/s) 1.17 | Avg. Vel. (ft/s) 0.89 2.33 0.77
Max Chl Dpth (ft) 9.68 | Hydr. Depth (ft) 4.20 8.58 3.39
Conv. Total (cfs} 115409.7 | Conv. (cfs) 15904.8 55773.0 43731.8
Length Wtd. (ft) 32.92 | Wetted Per. (ft) 104.46 69.82 408.75
Min Ch EI (ft) 649.94 | Shear (Ib/sq ft) 0.15 0.31 0.13
Alpha 2.16 | Stream Power (Ib/ft s) 646.00 0.00 0.00
Frctn Loss (ft) 0.03 | Cum Volume (acre-ft) 32.78 29.70 52.67
C & E Loss (ft) 0.01 | Cum SA (acres) 7.77 4.14 15.84

Errors Wamings and Notes

Wamning:

The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.

This may indicate the need for additional cross sections.
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Plan: PR Blackberry Creek

Main before A RS: 62823.34

Profile: Q100

E.G. US. (ft) 659.62 | Element Inside BR US Inside BR DS
W.S. US. (ft) 659.43 | E.G. Elev (ft) 659.58 659.47
Q Total (cfs) 2808.00 | W.S. Elev (ft) 659.47 659.36
Q Bridge (cfs) 2808.00 | Crit W.S. (ft) 653.13 653.13
Q Weir (cfs) Max Chi Dpth (ft) 9.47 9.36
Weir Sta Lft (ft) Vel Total (ft/s) 2.63 2.66
Weir Sta Ryt (ft) Flow Area (sq ft) 1069.29 1054.01

Weir Submerg Froude # Chl 0.16 0.17
Weir Max Depth (ft) Specif Force (cu ft) 4932.07 4814.97
Min El Weir Flow (ft) 666.97 | Hydr Depth (ft) 7.96 7.87
Min El Prs (ft) 661.63 | W.P. Total (ft) 157.79 157.03
Delta EG (ft) 0.20 | Conv. Total (cfs) 96891.8 94879.2

Delta WS (ft) 0.28 | Top Width (ft) 139.39 138.92

BR Open Area (sq ft) 1314.78 | Frctn Loss (ft) 0.11 0.00

BR Open Vel (ft/s) 2.66 | C & E Loss (ft) 0.00 0.05
Coef of Q Shear Total (Ib/sq ft) 0.36 0.37
Br Sel Method Energy only | Power Total (Ib/ft s) -267.16 -277.85

Errors Warnings and Notes

The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

Warning:
program defaulted to the next valid (user selected) method. If the Yarnell method was the only one selected, the
program will default to an energy based solution.

Warning: For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.
This is not physically possible, the momentum answer has been disregarded.

Note: Manning's n values were composited to a single value in the main channel.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.
This may indicate the need for additional cross sections.

Note: Manning's n values were composited to a single value in the main channel.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: PR Blackberry Creek Main before A RS: 62823.34BR U

Profile: Q100

E.G. Elev (ft) 659.58 | Element Left OB Channel| Right OB
Vel Head (ft) 0.11 | Wt. n-Val. 0.059

W.S. Elev (ft) 659.47 | Reach Len. (ft) 127.17 127.17 12717
Crit W.S. (ft) 653.13 | Flow Area (sq ft) 1069.29

E.G. Slope (ft/ft) 0.000840 | Area (sq ft) 1116.78

Q Total (cfs) 2808.00 | Flow (cfs) 2808.00

Top Width (ft) 139.39 | Top Width (ft) 139.39

Vel Total (ft/s) 2.63 | Avg. Vel. (ft/s) 2,63

Max Chl Dpth (ft) 9.47 | Hydr. Depth (ft) 7.96

Conv. Total (cfs) 96891.8 | Conv. (cfs) 96891.8

Length Wtd. (ft) 127.17 | Wetted Per. (ft) 157.79

Min Ch ElI (ft) 650.00 | Shear (Ib/sq ft) 0.36

Alpha 1.00 | Stream Power (Ib/ft s) 499.23 0.00 0.00
Frctn Loss (ft) 0.11 | Cum Volume (acre-ft) 32.57 29.08 51.60
C & E Loss (ft) 0.00 | Cum SA (acres) 7.70 4.04 15.57

Errors Warnings and Notes

Warning:

The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

program defaulted to the next valid (user selected) method. If the Yamnell method was the only one selected, the

program will default to an energy based solution.

Warning: For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.
This is not physically possible, the momentum answer has been disregarded.

Note: Manning's n values were composited to a single value in the main channel.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: PR Blackberry Creek Main before A RS: 62823.34BR U

Profile: Q100

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power
ft) (ft) (cfs) (sq ft) (1) Conv Depth(ft) (ft/s) (ib/sqft) | (lbffts)
1 Chan -64.58 -52.52 26.46 23.70 10.89 0.94 2.43 1.12 0.11 0.13
2 Chan -52.52 -40.47 227.73 92.98 13.14 8.11 7.71 2.45 0.37 0.91
3 Chan -40.47 -28.41 230.80 114.19 21.53 8.22 9.47 2.02 0.28 0.56
4 Chan -28.41 -25.41 0.00 26.77 12.30 0.00 9.47 0.00/ 7,2 ¥ 0.11 0.00
5 Chan -25.41 -12.41 366.31 123.13 13.00 13.05 2O AT | st 2:97- 0.50 148
6 Chan -12.41 0.59 366.31 123.13 13.00 13.05 9.47 2.97 0.50 1.48
7 Chan 0.59 13.59 366.31 123.13 13.00 13.05 9.47 2.97 0.50 1.48
8 Chan 13.59 26.59 366.31 123.13 13.00 13.05 9.47 2.97 0.50 1.48
9 Chan 26.59 39.59 254.32 123.13 22.47 9.06 9.47 2.07 0.29 0.59
10 Chan 39.59 42.59 0.00 20.72 11.66 0.00 9.47 0.00[¥ 7~ 0.09 0.00
11 Chan 42.59 5717 355.75 129.10 15.29 12.67 8.85 2.76 0.44 1.22
12 Chan 5717 65.17 191.18 51.77 8.00 6.81 6.47 3.69 0.34 1.256
13 Chan 65.17 78.75 56.53 41.88 14.47 2.01 3.24 1.35 0.15 0.20

Errors Warnings and Notes

The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

Warning:
program defaulted to the next valid (user selected) method. If the Yamell method was the only one selected, the
program will default to an energy based solution.

Warning: For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.
This is not physically possible, the momentum answer has been disregarded.

Note: Manning's n values were composited to a single value in the main channel.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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i [to flow. Adjustment
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Starting point of embankment normal to flow. Adjustment for skew not needed at this site.
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[_] Existing @/F’roposed Flood Event: 20O (years)

Check bed condition for contraction scour;
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Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. [dentify how input

parameters were obtained.

STATE OF ILLINOIS N B
- walbRwars 3% /8 § i Ry
Contraction Scour Data Sheet T, T AN

DEPARTMENT OF TRANSPORTATION = oA
STRUCTURE WUMBER: &2 S = § 7@ T
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[] Existing @/Proposed Flood Event: ZOO (years) S

{« l-
e )
X @
|

Check method being used for abutment scour:

« M
[_] HIRE Equation*  [_] Froelich's Equation / i%i
/f/[‘{' - Mo Ahpd Scow T, 5,5 i
:item does not apply, write "N/A" cp? £ [ &= 412 ° Left abutment Direction: /i// Q’
ot ta be used for NCHRP 24-20 Approach 4 Jﬁ‘j‘

6= g/')" Right abutment Direction: ﬁz /_4
[

f‘ . Direction: Upstream , Downstream or Perpendicular
&S < 90° if embankment points downstream
© > 90° if embankment points upstream

8 = 90° if embankment 1s perpendicular to floodplain

*If LIy < 25 HIRE Equation does not apply ( chL{
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X ! ;

Left abutment N ! ! / Right abutment \

I

— <
T A
=N
I

) " !
/}SeL= /Z/[:'! E \, \} :l geF{= W/ﬁ
el= ' / / L Aer=
| N ; |
Vel= : f"/ ,,i | Ver=
e S
\ aLz—\ ' Y Y 'Y aR=
I \ \ !
_ ( ; \ \ !
L= Aft) | i i =/
=\ @ / L=\ (@
- - ! 5
/ ! 3
\( ' ; v
- A A A\ A
N, \
\ \
I |
i i
[eft Overbank ! Channel ! Right Overbank
{ |
i i
- Floodplain -

Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input
parameters were obfained.

ROUTE: US 2
STATE OF ILLINQIS Local Scour Data Sheet FATERWAT: 7 25

DEPARTMENT OF TRANSPORTATION For Froelich's or HIRE Equations COUNTY: By B
STRUCTURE NUMBER: ¢4 £y s = oF &rs”

D1 PDPDF5 (02/03/17)




Zz
El Existing Moposed

Flood Event: wo (years)

Structure Type:
] Bridge: # of Spans/Piers _____ [
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Note: Attach ploi(s) that identifies and depicts the approach and constricted section,

appropriate summary tables such as for velocity distribution.

parameters were obtained.
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Plan: PR Blackberry Creek Main before A RS: 62926.52 '

Profile: Q200

E.G. Elev (ft) 660.29 | Element Left OB Channel Right OB
Vel Head (ft) 0.05 | Wt. n-Val. 0.106 0.064 0.106
W.S. Elev (ft) 660.24 | Reach Len. (ft) 32.92 32.92 32.92
Crit W.S. (ft) Flow Area (sq ft) 504.18 625.69 1639.53
E.G. Slope (ft/ft) 0.000578'| Area (sq ft) 750418 625.69 1915.52
Q Total (cfs) 3344.00 | Flow (cfs) 461067 1506.32 | 1375.72
Top Width (ft) 596.45 | Top Width (ft) 112.09' 68.00 | 416.36
Vel Total (ft/s) 1.21 | Avg. Vel. (ft/s) 0.92 2.41 |V 0.84
Max Chi Dpth (ft) 10.30 | Hydr. Depth (ft) 450 9.20 3.94
Conv. Total (cfs) 139133.3 | Conwv. (cfs) 19220.7 62673.2 57239.3
Length Wtd. (ft) 32.92 | Wetted Per. (ft) 112.42 69.82 417.15
Min Ch EI (ft) 649.94 | Shear (Ib/sq ft) 0.16 0.32 0.14
Alpha 2.07 | Stream Power (Ib/ft s) 646.00 0.00 0.00
Frctn Loss (ft) 0.03 | Cum Volume (acre-ft) 37.48 32.15 62.13
C & E Loss (ft) 0.02 | Cum SA (acres) 7.93 4.15 16.33

Errors Warnings and Notes

Warming:

The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.

This may indicate the need for additional cross sections.
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Plan: PR Blackberry Creek Main before A RS: 62823.34 Profile: Q200

E.G. US. (ft) 660.24 | Element Inside BR US Inside BR DS
W.S. US, (ft) 660.02 | E.G. Elev (ft) 660.20 660.07
Q Total (cfs) 3344.00'| W.S. Elev (ft) 660.06 659.93
Q Bridge (cfs) 3344.00 | Crit W.S. (ft) 653.49 653.48
Q Weir (cfs) Max Chl Dpth (ft) 10.06 9.93
Weir Sta Lft (ft) Vel Total (ft/s) 2.91 2.96
Weir Sta Rgt (ft) Flow Area (sq ft) 1149.52 1131.59
Weir Submerg Froude # Chl 0.16 0.18
Weir Max Depth (ft) Specif Force (cu ft) 5661.87 5517.25
Min El Weir Flow (ft) 666.97 | Hydr Depth (ft) 8.43 8.31

Min El Prs (ft) 661.63 | W.P. Total (ft) 161.45 160.73
Delta EG (ft) 0.22 | Conv. Total (cfs) 107822.8 105318.6
Delta WS (ft) 0.31 | Top Width (ft) 141.43 | 141.20
BR Open Area (sq ft) 1314.78 | Frctn Loss (ft) 0.13 0.00
BR Open Vel (ft/s) 2.96 | C &E Loss (ft) 0.00 0.05
Coefof Q Shear Total (Ib/sq ft) 0.43 0.44
Br Sel Method Energy only | Power Total (Ib/ft s) -267.16 -277.85

Errors Warnings and Notes

The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

Warning:
program defaulted to the next valid (user selected) method. If the Yarnell method was the only one selected, the
program will default to an energy based solution.

Warning: For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.
This is not physically possible, the momentum answer has been disregarded.

Note: Manning's n values were composited to a single value in the main channel.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.
This may indicate the need for additional cross sections.

Note: Manning's n values were composited to a single value in the main channel.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: PR Blackberry Creek Main before A RS: 62823.34BR U

Profile: Q200

E.G. Elev (ft) 660.20 | Element Left OB Channel Right OB
Vel Head (ft) 0.13 | Wt. n-Val. 0.059 0.106
W.S. Elev (ft) 660.06 | Reach Len. (ft) 12717 12717 127.17
Crit W.S. (ft) 653.49 | Flow Area (sq ft) 1149.46 0.05
E.G. Slope (ft/ft) 0.000962 | Area (sq ft) 1199.92 059
Q Total (cfs) 3344.00 | Flow (cfs) 3344.00 (0.01]
Top Width (ft) 141.43 | Top Width (ft) 141.21 0.22,
Vel Total (ft/s) 2.91 | Avg. Vel. (ft/s) 201 0.10
Max Chl Dpth (ft) 10.06 | Hydr. Depth (ft) 8.44 0.23
Conv. Total (cfs) 107822.8 | Conv. (cfs) 107822.6 0.2
Length Wtd. (ft) 127.17 | Wetted Per. (ft) 161.01 0.44
Min Ch EI (ft) 650.00 | Shear (Ib/sq ft) 0.43 0.01
Alpha 1.00 | Stream Power (Ib/ft s) 499.23 0.00 0.00
Frctn Loss (ft) 0.13 | Cum Volume (acre-ft) 37.22 31.47 60.88
C & E Loss (ft) 0.00 | Cum SA (acres) 7.85 4.05 16.05

Errors Warnings and Notes

neg l < ‘(
ol
MoXe Puaf of
fv’\_’}‘ ¢ VAL C tv_{__ N ){

Warning:

The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

program defaulted to the next valid (user selected) method. If the Yarnell method was the only one selected, the

program will default to an energy based solution.

For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.

Warning:
This is not physically possible, the momentum answer has been disregarded.
Note: Manning's n values were composited to a single value in the main channel.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: PR Blackberry Creek Main before A RS: 62823.34BR U

Profile: Q200

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power
(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (Ib/sq ft) (Ib/ft s)

1 Chan -64.58 -52.52 38.36 29.82 12.21 1.15 2.73 1.29| 0.15 0.19
2 Chan -52.52 -40.47 275.00 100.12 13.14 8.22 8.30 2.75 0.46 1.26
3 Chan -40.47 -28.41 267.70 121.32 2212 8.01 10.06 2.21 0.33 0.73
4 Chan -28.41 -25.41 0.00 28.44 12.89 0.00 10.06 0.00 0.13 0.00
5 Chan -25.41 -12.41 432.63 130.83 13.00 12.94 10.06 §i3:31 0.60 2.00] ot ™
6 Chan  [-12.41 0.59 432.63|  130.83 13.00 12.94 10.06 3.31 0.60 200 'EYX
7 Chan 0.59 13.59 432.63 130.83 13.00 12.94 10.06 3.31 0.60 2.00
8 Chan 13.59 26.59 432.63 130.83 13.00 12.94 10.06 3.31 0.60 2.00
9 Chan 26.59 39.59 295.21 130.83 23.06 8.83 10.06 2.26 0.34 0.77
10 Chan 39.59 42.59 0.00 22.01 12.25 0.00 10.06 0.00 0.11 0.00
11 Chan 42.59 57.17 423.04 137.73 15.29 12.65 9.45 3.07 0.54 1.66
12 Chan 57.17 65.17 236.14 56.51 8.00 7.06 7.06 4.18 0.42 1.77
13 Chan 65.17 78.75 78.05 49.82 15.18 2.33 3.67 1.5% 0.20 0.31
14 ROB 78.75 79.01 0.01 0.05 0.44 0.00 0.20 0.11 0.01 0.00
Errors Warnings and Notes
Warning: The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

program defaulted to the next valid (user selected) method. If the Yarnell method was the only one selected, the

program will default to an energy based solution.
Warning: For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.

This is not physically possible, the momentum answer has been disregarded.
Note: Manning's n values were composited to a single value in the main channel.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Starting point of embankment normal to flow. Adjustment for skew not needed at this site.
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Scour Summary

or Proposed Structure (circle one)

Structure Number: ) 47— 0 &g
Structure Type

f;idge: Number of Spans: 20 73 A / £0x , (note span length; ex 1 @ 60’ or 3 @ 60°-90"-60")
Number of Piers*: /.

Type and width of each pier (feet): = / 2 oton Mole

Note: * If number of piers is not zero then attach pier scour calculations and summary data

Abutment Type: Open*, Closed,| Closed with Wing Walls/ {Circle one)

Note: *If structure has open abutments, then the total scour does not heed to include
abutment scour.

[J Bottomless Culvert (Three Sided): Width (feet):

Height {feet):

Wing Walls: Yes or No (circle one)
Describe source of Median Bed Size (Dsp) estimate used in Phase [ scour evaluation:

%OV/M\OS 5038 1A M\‘CVC}‘?;‘M S lhow < H’fﬁ— gm d SC)." l

Median Bed Size used in scour evaluation (ldentify Units): Dgy = I @‘j‘w\ WA

ram g{}fﬂ‘#’
= 0,00 7Y 2850 =
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Scour Summary

M r Proposed Structure (circle one)

. . 3
Structure Number: /&7 — O AG
Attach a brief narrative/summary of noting key findings such as the following:
Design Scour Event (such as 10-yr, 50-yr or 100-yr): /00~ v oy
3 <

5//, Attach Total Scour Plot
/” .
+ Superimpose scour check onto totai scour plot

Scour check event (typically 200-yr event): 7O - {4y rlga 3

z-//f On plot identify elevation of bed before scour
-i-‘f Add any other relevant notes

- Does the use of open abutments aflow total scour to be used for design to be reduced:
Yes ori;llo*

Note: *If Yes, then the total scour does not need to include abutment scour.

If Yes, does the total scour plot reflect and note this adjustment: Yes or No /L/M

/lnclude a summary table of the computed scour depths

Note: Design Scour Event and Extreme Event |l are discussed in the November 7, 2014 All
Bridge Designers (ABD) memorandum 14.2

Identify critical scour depths below and in narrative: (identify total scour and components
such as contraction, pier...)

C
)Wm&\vg . [/00 av i)w%p‘gh/}?@ﬁ %y. {"R;{{K}
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el

@/Existing D Proposed

Flood Event: /OO (years)

(des ?ig;%\

Check bed condition for confraction scour:
Leit overbank Channel Right overbank
T Live bed m [ Live bed
D Clear water D Clear water [:_] Clear w:
Mﬁovv) m!:;
/A /
Q.= </ i Q= 2%‘@,& Qgr= /7//‘4
Wit=_ L W= 228 W=
\ Wpiers= ' \'-\ Wpiers= Z‘Ei \\ Wplers \
W= _ N\ iWe= 201% W=
/ Y o= / Y oc= . 32! YOR- /
N I i
A /
\ Left abutment -‘—i.s ‘I“- 4 =i Right abutment\
1) LY
i .l‘. I.‘. T
.i j
/ Il
EAN (
50 = (p,mw O 00092y poaf
i'.\ Q 4= [/ ?0 & +
“\ W1 = (Q Oﬁ » o‘\l.
\ Y 1= 2 L 5:’ g \
iS= 000090\
s lgg
i. |
\ N
‘\- ‘\\
) )
i i
j j
Left Overbank ! Channel ! Right Overbank
] i
~- Floodplain -

Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input

parameters were obtained.

ROUTE; [ Y
STATE OF ILLINGIS . WATERWAY, Tipth mavrd FIE
DEPARTMENT OF TRANSPORTATION | Contraction Scour Data Sheet T Sl }a <
STRUCTURE NUMBER: PR NN
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.

@/é(isting ] Proposed  Flood Event: / o0 (years) ;Y

{ i %
;L o
e o

Check method being used for abutment scour;

@’ﬁf:fi Equatmn @’f;o/éhch 's Equation /
é;; itf et ) 1«5 /g
Iftam does not-apply, write "N/A" tif-s

e=
Not to be used for NCHRP 24-20 Approach
If Ly < 25 HIRE Equation does not apply

° Left abutment  Direction:

agffgg

o=__{} *Right abutment Direction: &/,

Direction: Upstream , Downstream or Perpendicular
© < 90° if embankment points downstream

6 > 90° if embankment points upstream

B = 90° if embankment is perpendicular to floodplain

- . = : —
- y ME '_\ YMAX -_— Fol L '|‘I y‘iR= “"{5'“. % 3
T T————

=

—

M ]
ik
i Y

Qe =_4 44 kj : \I \i E Qer= 4’/{
AGL= Rﬁ‘;f, L‘??‘: “/" / : AER:
\VeL— ne T | I.-’ ,/ ' Ver= i
= 7 D S8 l | L= ;
Y alL= 4,3 ! \ | Y ar=
: \ \ {
L=76.55(ft) | ‘, ‘; | L= ( ()
: e ————
" g' ! / ! | -
L= 592 L {,/ (®
‘ i.‘ 5
A \\‘ I‘;,\

Left Overbank ’ Channel ,-" Right Overbank

- Floodplain -

Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input
parameters were obtained.

ROUTE:
STATE OF ILLINOIS Local Scour Data Sheet WATERWAT: u%{?;pi{ é'&z 5
DEPARTMENT OF TRANSPORTATION Fur Froelich’s or HIRE Equations COURTY: PR
STRUCTURE NUMBER: ¢ ?3 (jgmfg
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e

Msting [] Proposed

Flood Event: /() (years)

Structure Type:

[0 Bottemless Gulvert { 3-Sided: Span

Me:#owpans.fpiers 3! !

Vo =_/U£ o Vo= Ll
/ Ag= L A=A |
Q= v Qo iMJ
YoL= L Yoo =702
q o= ; ch = %30\
' .C{2C = 5377
Set back /
distance 3B, = i

_#
Vor =__/_£/({i
A2R = Ef’
Qor = N\
Yon = )
2R — /
q 2fR = //
[ Set batgk
dlstance\SBR

Left abutment

Right abutment \

Projected lenght of
embankment
L L e ?0 r ?;‘

o

/
\

)

A

MK\J,.>

Left floodplain width, B, = A ;?{3‘\.

5\ H

A

—=

'\ Right floodplain width, B, =_72,

Projected lenght of/

|

|

!

: embankment

| é
|

‘m!ﬂ

Lp#

f

|

1 ,‘

/Bﬂ_ 5 %’f{i{ ive bed ,I
i:] Clear waler ;;' 1
Vo”_ = /Dz 4 I‘\ V1C"' ’ij{ t".
Ay=_/ | s A= fv/fﬁ
Q']l_ - / Q1c = 7/ %:'ig{
Yo = Yic=_h32
WiL=___ 'Wac = (af’
Qe = !/ [ ogic = A 5t
- / Floodplain

-

Note: Attach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input

parameters were obtained.

R/BfR

'\

'\

?

.J'
i
i
,'

@/tﬁr':t::d/ t/

”'}

) { D Clear water
Vin= A
AR= _{s}

Qir = ;
Yir =

Wir = )
QiR = /

g

STATE OF [ILLINOIS
DEPARTMENT OF TRANSPORTATION

NCHRP 24-20
Abutment Scour Approach,
Total Scour at an Abutment

ROUTE:

wY 26

WATERWAY: ISinf b rva

COUNTY: &

L .
STRUCTURE HUMBER: £ ¢, 5 — LA %)
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CALCULATIONS

BY |DATE ROUTE PS3 0

COMPUTED| T |%Z /6] LIMITS of Blockbevin) CRe SHEET NO. /

CHECKED DESCRIPTION " Sco0v  sobliple Calls
TOTAL No._ 5
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CALCULATIONS

BY |DATE ROUTE US SO
COMPUTED| 55 |[2/3/-C] LMITS o/ E{a(lrlew@ Ck SHEET NO.&
CHECKED 4 DESCRIPTION Sc muyS € N/©
(S = . TOTAL NO. 5
= N Y o by
Ot/ =R O R sl Ko ¥ o1/ =5 L TS BlEy
OY/ G Y F 1A Sehuy’
Av® [t/ e By SL‘// ra I 15 = ) e |1 |
7 b, /3221 (2. 2D\
v / Oy J
LEYVARESAV. S RN AP 374 L3  )
e -+ L NA ] AN ¢ & il ¢ -
K.av'/ N \)\\\(l. jk\ [ {
f_’}s// = [/ @2 ]
AN " T I b I // /. 'é‘f ’
E}ST— ("!) i\ 951.&}:_ 3- & P ,G'\ 'A"" (\ 9(&!"#'{
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CALCULATIONS

BY DATE ROUTE [y§ 20O g
COMPUTED| - = [2/2//6] LMITS of Rickbeyrd CK SHEET NO. O
CHECKED ) DESCRIPTION Sr s D /P

(ol e . ’ TOTAL NO. &
HAyaaah | A ld, Mt | @ eSS 1 H2Pd61 42
:
268 g/ | Aol | Fluefun | Bzl T9) 619 =2 led, tocy [ Clpialiglatonii)
A 24 s S A
Ael=128,097 +R4.Zn b 20l g = 2oL 3D ¥ Foi2f +SL1S + 3240) #22.182
+ |33 A& |+ 3%, 13
Ael=30Y. 0¥ SH
(De k(A a0 |+ 190|334 3/ 5% 4+ 22, 6\ 4 23 B3+ k449 AHed /PH 27137
R .59 1+215.8F

viois 0. 72494/ rT/3el

N
) !
;“ AT
W B

W) = f"/ - dJD?aé -
/ L Aol k2~ | e DI FFC
02 ez LT Fele il [ g
: ; , 42 a4l -
Y = 2.AH K Ko /1 | e N~ f ki=|pigk \
V[ /A ‘U A %k] ; l Y I-ErN
Eu= Vel/ /s By 29 YA -V
£/% Do) |= IR0 (43D ] T=lA.06 7Y
S o - i :, /
XVMIEYINECNVIN NN Aw GOEX 64 | (9 [6]
(ula | NP T YL UL DAY {le ) \ ¢f| a2\ [0l0hAY |
4 i 2T I
e By e T A Gl [ N lg 4l
= /tgb\. X =o P a3 T N ?) [ :)])" Ol 16| TA
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CALCULATIONS

BY | DATE ROUTE (S 5§/ g
COMPUTED| J% 2/3//4 LIMITS _ o/ RBrach berrd (rc. SHEETNO. 7/

CHECKED DESCRIPTION Sridnqs DIL Gt/
—

Coles TOTAL NO._5

| ) j e

RS 2N -‘#’ja& AN | AT [
-~ 3 3
Ve 3 C\\‘ w Y S l' £y ‘\ I\l b 28 B i
J N : y 0’55’ & J Kol = Jo & dalk 8’
[V - & O? o = COO p& '4
y I_j v‘?e"{p{ 'y A ()J
= A\ 4

U = L,//S‘ ?\., I/fﬁewa "\).J' i ‘) ?:d[ \/l\
i R P LS
Iiw — 22 FJ"\\
~— x
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CALCULATIONS

BY DATE ROUTE LA3ZO
COMPUTED|O3 2/7/7L |  LIMITS 0/ RBleon beviy CK. SHEETNO. &
CHECKED DESCRIPTION Sownl®  © Srouv
Cale. TOTAL NO. &
AVEHRP M 6 4
oo Vi "
e | 0,557 Bh:l &2k (R L.=12Fd KO B.Q[.: 400 457
wld rd : 1 —
- G ‘-T /| - P ’f:: =
JR"—@—- /’I.-’."C-w = Brdre]
e R g“ EQ{,j | b, ‘ h N
L o JEL = ¢ [PE] e o ||
Feol | Besidd |[Abde ol 478 &
(2 F RBAS &l s 93 112 F | = =| 3. 73
N N Ec
L ENID4RT S Ul o b2 £ 1Zp | b [=2] /R 41CD
(¢ Whwhaeld hull i) e vtihiaed alulu] n!
) AL O ! 2 b G.‘ T
[A(L: U &l /N ?;_ O O | / ?3' "?"‘ ‘/._j;‘-' (7:3 £ 2N
v S /3’: } o TS [\ [T A=
L\
\ \ \;"‘_\K“:wrj\nﬂ ")J A 'g‘. A :'\': i' ;iw‘- (t: ® fr’r‘}{:}‘l
t T A~ ol g l
|
Auefage e @R = 19, TR AT
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() v 4] = Fis g
A A e L gl W B I W I = S B S P o —
f&’)‘&m*"s” o !
mmp: .
oI i.fﬂ:),, = > -
Toew & 3.9 FO =P Cout F [ Plevz /2. iy ef | B
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Plan: EX Blackberry Creek Main before A RS: 62823.34BR U Profile: Q100

E.G. Elev (ft) 659.74 | Element Left OB Channel Right OB
Vel Head (ft) 0.29 | Wt. n-Val. 0.064

W.S. Elev (ft) 659.45 | Reach Len. (ft) 55.50 55.50 55.50
Crit W.S. (ft) 654.88 | Flow Area (sq ft) 650.21

E.G. Slope (ft/ft) 0.003334 | Area (sq ft) 650.21

Q Total (cfs) 2808.00 | Flow (cfs) 2808.00/

Top Width {ft) 83.12 | Top Width (ft) 83.12

Vel Total (ft/s) 4,32 | Avg. Vel. (ft/s) 4.32

Max Chi Dpth (ft) 9.27 | Hydr. Depth (ft) 7.82

Conv. Total (cfs) 48631.2 | Conv. (cfs) 48631.2

Length Wtd. (ft) 55.50 | Wetted Per. (ft) 112.46

Min Ch EI (ft) 650.18 | Shear (Ib/sq ft) 1.20

Alpha 1.00 | Stream Power (Ib/ft s) 676.72 0.00 0.00
Frctn Loss (ft) 0.20 | Cum Volume (acre-ft) 32.58 27.08 51.87
C & E Loss (ft) 0.01 | Cum SA (acres) 7.70 3.78 16.77

Errors Warnings and Notes

Warning: The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The
program defaulted to the next valid (user selected) method. If the Yamell method was the-only one selected, the
program will default to an energy based solution.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: EX Blackberry Creek Main before A RS: 62823.34 Profile: Q100

E.G. US. (ft) 659.78 | Element Inside BR US Inside BR DS
W.S. US. (ft) 659.50 | E.G. Elev (ft) 659.74 659.53
Q Total (cfs) 2808.00 | W.S. Elev (ft) 659.45 659.22
Q Bridge (cfs) 2808.00 | Crit W.S. (ft) 654.88 655.12

Q Weir (cfs) Max Chl Dpth (ft) 9.27 8.99
Weir Sta Lft (ft) Vel Tofal (ft/s) 4.32 4.51

Weir Sta Rgt (ft) Flow Area (sq ft) 650.21 622.51

Weir Submerg Froude # Chl 0.25 0.27
Weir Max Depth (ft) Specif Force (cu ft) 3007.65 2792.52
Min El Weir Flow (ft) 666.71 | Hydr Depth (ft) 7.82 7.23
Min El Prs (ft) 663.64 | W.P. Total (ft) 112.46 110.95
Delta EG (ft) 0.32 | Conv. Total (cfs) 48631.2 45637.2

Delta WS (ft) 0.36 | Top Width (ft) 83.12 86.25
BR Open Area (sq ft) 974.02 | Frctn Loss (ft) 0.20 0.07
BR Open Vel (ft/s) 4.51 | C & E Loss (ft) 0.01 0.00
Coef of Q Shear Total (Ib/sq ft) 1.20 1.33
Br Sel Method Energy only | Power Total (Ib/ft s) 0.00 0.00

Errors Wamings and Notes

Waming:

The Yamell method gave an invalid answer. The upstream energy was less than the downstream energy. The

program defaulted to the next valid (user selected) method. If the Yamell method was the only one selected, the

program will default to an energy based solution.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: EX Blackberry Creek Main before A RS:62926.52 | Profile: Q100

E.G. Elev (ft) 659.85 | Element Left OB Channel Right OB
Vel Head (ft) 0.03 | Wt. n-Val. 0.106 0.064 0.106
W.S. Elev (ft) 659.82 | Reach Len. (ft) 53.09 56.86 49.22
Crit W.S. (ft) 655.05 | Flow Area (sq ft) 421.37 597.34 1743.57
E.G. Slope (ft/ft) 0:000421 | Area (sq ft) 421.37 597.34 1743.57
Q Total (cfs) 2808.00 | Flow (cfs) 302.66 1190.27 1315.07
Top Width (ft) 584.35 | Top Width (ft) 106.54 68.00 409.81
Vel Total (ft/s) 1.02 | Avg. Vel. (ft/s) 0.72 1.99 0.75
Max Chi Dpth (ft) 9.88 | Hydr. Depth (ft) 3.95 8.78 4,25
Conv. Total (cfs) 136859.0 | Conv. (cfs) 14751.1 58012.6 64095.2
Length Witd. (ft) 54.87 | Wetted Per. (ft) 106.77 69.82 410.58
Min Ch EI (ft) 649.94 | Shear (Ib/sq ft) 0.10 0.22 0.11
Alpha 1.94 | Stream Power (Ib/ft s) 646.00 0.00 0.00
Fretn Loss (ft) 0.04 | Cum Volume (acre-ft) 32.85 28.28 53.27
C & E Loss (ft) 0.03 | Cum SA (acres) 7.78 3.94 16.25

Errors Wamings and Notes

Waming:

The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4,

This may indicate the need for additional cross sections.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, energy was used.
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Plan: EX Blackberry Creek Main before A RS: 62823.34BR U

Profile: Q100

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity ~ Shear Power
(ft) (ft) (cfs) (sqft) ft) Conv Depth(ft) (fts) (b/sqfty | (lbfts)
1 Chan 177.85 186.24 0.00 0.01 0.00 0.00 4.07 0.00 0.83 0.00 Y
2 Chan 186.24 196.64 165.71 55.42 15.21 5.90 5.33 2.99 0.76 227 %—CT 4547
3 Chan 196.64 207.05 412.74 82.37 10.42 14.70 7.92 5.01 1.65 8.24 vV q uy
4 Chan 207.05 217.45 481.24 90.39 10.44 17.14 8.69 5.32 1.80 9.60 ¢
5 Chan 217.45 227.85 341.65 94.60 19.56 1217 9.09 3.61 1.01 3.64
6 Chan 227.85 229.85 e P;' Ex 0.00 0.00
7 Chan 229.85  |240.28 350.25 96.13 19.61 12.47 922 384 1.02 3.72
8 Chan 240.28 250.71 508.32 93.51 10.47 18.10 8.97 5.44 1.86 10.11
9 Chan 250.71 261.14 362.40 77.32 10.81 12.91 7.41 4.69 1.49 6.98 )
10 Chan 261.14 271.57 185.70 60.46 15.94 6.61 5.83 3.07| 0.79 242| &€ ET 4) W
Errors Wamings and Notes i % ,
Warning: The Yamell method gave an invalid answer. The upstream energy was less than the downstream energy. The C
program defaulted to the next valid (user selected) method. If the Yarnell method was the only one selected, the
program will default to an energy based solution.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
A
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Plan: Ex-FJR Blackberry Creek Main before A RS: 62926.52

Profile: Q100

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power
(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (Ib/sq ft) (Ibfft s)

1 LOB 44.29 49.82 0.00 0.07 1.37 0.00[, 0.05 0.04 0.00 0.00 gw,%k >CAJ
2 LOB 49.82 55.36 0.26 2.02 5.56 0.01 0.36 0.13 0.01 0.00 o
3 LOB 55.36 60.89 1.1 4.80 5.56 0.04 0.87 0.23 0.02 0.01 é‘(j' r ,f
4 LOB 60.89 66.43 2.37 7.59 5.56 0.08 1.37 0.31 0.04 001] # ., e
5 LOB 66.43 71.96 3.99] 1037 5.56 014 | 187 0.38 0.05 002) T OTME)
6 LOB 7196  |7750 593 1316 556 021| &~ 238 0.45 006 003lvefadi e
7 LOB  [77.50 83.04 8.17|  15.94 5.56 0.29] {7/ 2.88 0.51 0.08 0.04] e
8 LOB 83.04 88.57 10.69|  18.73 5.56 038 | 338 0.57 0.09 0.0s| & ol
9 LOB 88.57 94.11 13.33 21.38 5.55 0.47 \ 3.86 0.62 0.10 0.06 ;”/r'?:’ £)
10 LOB 94.11 99.64 15.33]  23.24 5.54 055 / 420 0.66 0.11 0.07| (iv-2£7\
11 LOB 99.64 105.18 17.29] 2497 554 . 062]) »v451 0.69 0.12 0.08 T
12 LOB 10518 [110.71 19.33] 2670 5.54 0.69|( ¢ [4.82 0.72 0.13 0.09
13 LOB 110.71 116.25 21.38 28.36 5.54 076|) ‘512 0.75 0.13 0.10
14 LOB 116.25 121.79 22.69 29.38 5.54 0.81 ) . 5.31 0.77 0.14 0.11
15 LOB 121.79 127.32 23.83 30.26 5.54 0.85|{ < /5.47 0.79 0.14 0.11
16 LOB 127.32 132.86 - 24.99 31.13 5.54 0.89| / "5.62 0.80 0.15 0.12
17 LOB 132.86 138.39 26.17 32.01 5.54 0.93|<-.)"/ 5.78 0.82 0.15 0.12
18 LOB 138.39 143.93 27.37 32.88 5.54 097 7" 594 0.83 0.16 0.13
19 LOB 143.93  [149.46 28.59] 3375 554/ 1.02[/~ )°,6.10 0.85 0.16 0.14
20 LOB 149.46  |155.00 29.83] 3463 554 108])  "'6.26 0.86 0.16 0.14
21 Chan 155.00 161.80 72.16 44.08 6.81) 2.57 6.48 1.64 0.17 0.28
22 Chan 161.80 168.60 83.44 50.30 7.61 2,97 7.40 1.66 0.17 0.29
23 Chan 168.60 175.40 118.28 59.31 6.81 4.21 8.72 1.99 0.23 0.46
24 Chan 175.40 182.20 126.24 61.66 6.81 450 9.07 2.05 0.24 0.49
25 Chan 182.20 189.00 131.74 63.24 6.80 4.69 9.30 2.08 0.24 0.51
26 Chan 189.00 195.80 133.90 63.86 6.80 4.77 9.39 2.10 0.25 0.52
27 Chan 195.80 202.60 137.94 65.01 6.80 4.91 9.56 2.12 0.25 0.53
28 Chan 202.60 209.40 142.68 66.34 6.80 5.08 9.76 2.15 0.26 0.55
29 Chan 209.40 216.20 138.63 65.33 6.83 4.94 9.61 212 0.25 0.53
30 Chan 216.20 223.00 105.28 58.21 7.74 3 8.56 1.81 0.20 0.36
31 ROB 223.00 289.48 352.64 398.86 66.51 12.56 6.00 0.88 0.16 0.14
32 ROB 289.48 355.95 329.24 382.69 66.48 11.73 5.76 0.86 0.156 0.13
33 ROB 355.95 422.43 208.50 291.77 66.96 7.43 4.39 0.71 0.11 0.08
34 ROB 422,43 478.32 1356.57 209.79 55.99 4.83 3.75 0.65 0.10 0.06
35 ROB 478.32 534.22 195.71|  261.35 55.91 6.97 4.68 0.75 0.12 0.09
36 ROB 534.22 590.11 80.83 153.83 55.99 2.88 2.75 0.53 0.07 0.04
37 ROB 590.11 646.00 12.60 45.27 42.75 0.45 1.06 0.28 0.03 0.01
Errors Wamings and Notes
Waming: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.

This may indicate the need for additional cross sections.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, energy was used.
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Text Box
Starting point of embankment normal to flow. Adjustment for skew not  needed at this site.


Flood Event: “~i7 €3 (years)

[ xisting [ Proposed

Check bed condition for contraction scour;

Left overbank Channel Right overbank
] Live ted {4 [T tive bed ] Live bed
[ ctear watewAjl [ clear water [T Clear water«’féff

[0 arA (No flow) ] wra (No flow)

/
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950 7 0-3vadn = 6. 000 729 g5/
LoQ,= 133% 7ers
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Left Overbank ! Channel Right Overbank
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/ Q.= ﬂ/fff : Q20=§§é§§?§@ Qr= fff@ [
Wet= | ‘ Wiot= _ 22 1 Wtot—
5 Wpiers= \ Wpiers— 2! “-\ Wplers }
= % Wa= 9/, §;\ W=
= i = %ﬁe a4
/ Y o S :iY oc=_2 4 :I Y or= <l /
\_ ),
\ Left abutment |- A ="..= ) / =1 Right abutment\
\.‘ \‘ I

/
\

|
|
|
J

|

Floodplain

Note: Attach plot(s) that identifies and depicts the approach and constricted section,

appropriate summary tables such as for velocity distribution. Identify how input
parameters were obtained.

ROUTE (P, e
STATE OF ILLINOIS Contraction Scour Data Sheet TG YA R EI S
DEPARTMENT OF TRANSPORTATION COUNTY; Fiiang
STRUCTURE NUMBER:  #7 Lf o = £l ih
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@/éisting ] Proposed  Flood Event: 7.2 o (years) I

[l (|
)
Check method being used for abutment scour; L e
/ |Z]/ '. Ai-
HIRE Equation* Froelich's Equation / i \5'\
[ Troft (L ‘) i
§ item doés not apply, write "NA" a= @ * Loft abutment  Direction: /if’/,ﬁ
Not 1o be used for NCHRP 24-20 Approach

_ .{‘:2 P T/ {
*If LYy < 25 HIRE Equation does nct apply Q= Right abutment Direction: J‘ '4

Direction: Upstream , Downstream or Perpendicular
8 < 90° if embankment points downstream

8 > 90° if embankment points upstream

8 = 90° if embankment is perpendicular to floodplain

‘\ ‘\ \
L= 4%! & ,0; i i Lr= 701972

Vﬂ_: 2, 3 E l‘.. ! \AR: 5 ’3}/

\
/\ yie 5.9/ L Ymax = 9’55@?\ YIRS 4 4/

Liyn= (9.2 425 ) VMsz_a”_QE,} Liyir=__ 62.98 M)ff
\ ,"/ ,"/ / |

Left abutment \\ ".‘ | / Right abutment \

! Y
Qe=_ 725 bF ‘= ‘= | Qer= _y/4
/AeL= E L7 ?‘5’% j‘ ,!; i Agr= /
Vo= 0,231 / ! ' Ver= ;
\L = _J17:9] ~' -'_ \

= 4 ot
y al= g
A

|
|
| -.
| ;
{ \ \ 1
| L= ‘, : =/ )
- 1 2 I ."' ! =
L'=_00.2%F) ; ; L= (ft)
! i '
| |
A \ A \
\ \
\ )
f j
i j
Left Overbank ! Channel !  Right Overbank
! !
i i
- Floodplain -

Note: Aftach plot(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. Identify how input
parameters were obtained.

ROUTE: v e
STATE OF ILLINOIS Local Scour Data Sheet T BT T
DEPARTMENT OF TRANSPORTATION For Froelich’s or HIRE Equations COUNTY: MY A
STRUCTURE NUMBER: %2 47 7~ €07} o &f

D1 PDPDFES (02/03/17)




~

E/Existing [] Proposed  Flood Event; _£€ U (years)

Structure Type:

Q’Eﬁ/dge:#ofSpanslPiers Z f z

£ Bottomtess Culvert / 3-Sided: Span ft

Voo =_Wle , Vo= V1L

( A2L= j/ : A = /6'/54 ! A2R AN
Qy = ‘\ j;’;{ef Qor = \
- \
\ Yo+ Y?.C _:;’.Léi_ . Yor = ]
q21L= ( ch =_23.11% 0 2R=_L
; q 26=_%Y0.2 v
Set bacy éf Set back
distance SB = ,__,- distance SBg=
Left abutment |- A — S AN Right abutment )
LA A Do
Projected lenght of é / / I Projecied lenght of
embankment § / i | embankment
] Left floodplain width, By, = i ;’Jg}i ‘\ Right floodplain width, B, = 4 Z{l F?J f_}’

/LL/Bﬂ_= 0. %?{?{ md ’I‘ R/Bf ﬁ y{:}}{ @,..»Lwebed /

[ clear water :.:' : [ Clear water
Vﬂ_ = A/(I% l‘\ V‘IC - /UI‘({? l' V1R= /’i‘}/y’?”
A= N Age = R o ARr=_/Z
Qq = Q1C = /J;? -29 Q1R =
YqL = Yic=7-9 1 Ygr=

2

Wi = ) .Wm-— 62 Wig = ]
QL =_ Pac=_i 8465 sr=__/
- 1 Floodplain

-

T

Note: Attach plof(s) that identifies and depicts the approach and constricted section,
appropriate summary tables such as for velocity distribution. 1dentify how input
parameters were obtained.

— ROUTE: T
STATE OF ILLINOIS Abut thHst zaAzo b e 7 ;f,fﬁf’
DEPARTMENT OF TRANSPORTATION Htment scour Approach, counTY; el
Tﬂtal Scﬂur at an Abutment STRUCTURE NUMBER:  © ¢ J-f =AY ]
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Plan: EX Blackberry Creek Main before A RS: 62926.52

Profile: Q200

E.G. Elev (ft) 660.52 | Element Left OB Channel Right OB
Vel Head (ft) 0.03 | Wt. n-Val. 0.106 0.064 0.106
W.S. Elev (ft) 660.49 | Reach Len. (ft) 53.09 56.86 49.22
Crit W.S. (ft) 655.33 | Flow Area (sq ft) 495.06 642.50 2019.11
E.G. Slope (ft/ft) 0.000415 | Area (sq ft) 495.06 642.50 2019.11
Q Total (cfs) 3344.00 | Flow (cfs) 372.83 1334.78 1636.39
Top Width (ft) 605.07 | Top Width (ft) 115.39 68.00° 421.68
Vel Total (ft/s) 1.06 | Avg. Vel. (ft/s) 0.75 2.08 0.81
Max Chl Dpth (ft) 10.55 | Hydr. Depth (ft) 4.29 9.45 4.79
Conv. Total (cfs) 164109.1 | Conv. (cfs) 18296.9 65505.2 80307.0
Length Wtd. (ft) 54.78 | Wetted Per. (ft) 115.64 69.82 422.48
Min Ch El (ft) 649.94 | Shear (Ib/sq ft) 0.1 0.24 0.12
Alpha 1.88 | Stream Power (Ib/ft s) 646.00 0.00 0.00
Frctn Loss (ft) 0.05 | Cum Volume (acre-ft) 37.57 30.61 62.99
C & E Loss (ft) 0.03 | Cum SA (acres) 7.95 3.94 16.79

Errors Warnings and Notes

Waming: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.
This may indicate the need for additional cross sections.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, energy was used.
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Plan: EX Blackberry Creek Main before A RS: 62823.34BR U

Profile: Q200

E.G. Elev (ft) 660.39 | Element Left OB Channel Right OB
Vel Head (ft) 0.36 | Wt. n-Val. 0.064

W.S. Elev (ft) 660.03 | Reach Len. (ft) 55.50 55.50 55.50
Crit W.S. (ft) 655.32 | Flow Area (sq ft) 698.95

E.G. Slope (ft/ft) 0.003819 | Area (sq ft) 698.95

Q Total (cfs) 3344.00 | Flow (cfs) 3344.00

Top Width (ft) 83.11 | Top Width (ft) 83.11

Vel Total (ft/s) 4.78 | Avg. Vel. (ft/s) 4.78

Max Chi Dpth (ft) 9.85 | Hydr. Depth (ft) 8.41

Conv. Total (cfs) 54108.4 | Conv. (cfs) 54108.4

Length Witd. (ft) 55.50 | Wetted Per. (ft) 114.80

Min Ch ElI (ft) 650.18 | Shear (Ib/sq ft) 1.45

Alpha 1.00 | Stream Power (Ib/ft s) 676.72 0.00 0.00
Frctn Loss (ft) 0.22 | Cum Volume (acre-ft) 37.24 29.32 61.28
C & E Loss (ft) 0.01 | Cum SA (acres) 7.85 3.78 16.28

Errors Warnings and Notes

Warning: The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The
program defaulted to the next valid (user selected) method. If the Yamell method was the only one selected, the
program will default to an energy based solution.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: EX Blackberry Creek Main before A RS: 62823.34

Profile: Q200

E.G. US. (ft) 660.44 | Element Inside BR US| Inside BR DS
W.S. US. (ft) 660.09 | E.G. Elev (ft) 660.39 660.15
Q Total (cfs) 3344.00 | W.S. Elev (ff) 660.03 659.77
Q Bridge (cfs) 3344.00 | Crit W.S. (ft) 655.32 655.58
Q Weir (cfs) Max Chl Dpth (ft) 9.85 9.54
Weir Sta Lft (ft) Vel Total (ft/s) 4.78 4.99
Weir Sta Rgt (ft) Flow Area (sq ft) 698.95 670.12
Weir Submerg Froude # Chl 0.27 0.28
Weir Max Depth (ft) Specif Force (cu ft) 3523.53 3274.63

Min EI Weir Flow (ft) 666.71 | Hydr Depth (ft) 8.41 7.78
Min El Prs (ft) 663.64 | W.P. Total (ft) 114.80 112.60
Delta EG (ft) 0.37 | Conv. Total (cfs) 54108.4 51093.1

Delta WS (ft) 0.41 | Top Width (ft) 83.11 86.23
BR Open Area (sq ft) 974.02 | Frctn Loss (ft) 0.22 0.08
BR Open Vel (ft/s) 4.99 | C&E Loss (ft) 0.01 0.00
Coef of Q Shear Total (Ib/sq ft) 1.45 1.59
Br Sel Method Energy only | Power Total (Ib/ft s) 0.00 0.00

Errors Warnings and Notes

Warning:

The Yarnell method gave an invalid answer. The upstream energy was less than the downstream energy. The

program defaulted to the next valid (user selected) method. If the Yamell method was the only one selected, the

program will default to an energy based solution.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: EX Blackberry Creek Main before A RS: 62823.34BRU  Profile: Q200

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (lb/sq ft) | (Ib/fts)
1 Chan 177.85 186.24 0.00 0.01 0.00 0.00 4.66 0.00 1.09 0.00
2 Chan 186.24 196.64 204.95 61.49 16.79 6.13 5.91 3.33| 0.93 3.09
3 Chan 196.64 207.05 495.96 88.47 10.42 14.83 8.51 5.61 2.02 11.36
4 Chan 207.05 217.45 572.40 96.49 10.44 17.12 9.28 6.93 2.20 13.08
5 Chan 217.45 227.85 396.57 100.71 20.15 11.86 9.68 3.94 1.19 4.69
6 Chan  |22785 |229.85 > Bev € 0.00 0.00
7 Chan 229.85 240.28 406.03 102.24 20.20 12.14 9.80 3.97 1.21 4.79
8 Chan 240.28 250.71 602.64 99.63 10.47 18.02 9.55 6.05 2.27 13.73
9 Chan 250.71 261.14 438.89 83.44 10.81 13.12 8.00 5.26 1.84 9.68
10 Chan 261.14 271.57 226.55 66.49 16.53 6.77 6.41| 3.41 0.96 3.27

Errors Warnings and Notes
Waming: The Yamell method gave an invalid answer. The upstream energy was less than the downstream energy. The

program defaulted to the next valid (user selected) method. If the Yamell method was the only one selected, the

program will default to an energy based solution.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
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Plan: Ex-FJR Blackberry Creek

Main before A RS: 62926.52

Profile: Q200

Errors Wamings and Notes

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4.
This may indicate the need for additional cross sections.
Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, energy was used.

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power

(ft) (ft) (cfs) (sq ft) {ft) Conv | Depth(ft) | (ft's) (Ib/sqft) | (Iblts) A
1 LOB 38.75 44.29 0.06 0.82 4.69 0.00 0.18 0.08 0.00 0.00 @\%Q Yl
2 LOB 44.29 49.82 0.52 3.10 5.55 0.02 0.56 0.17 0.01 0.00 a
3 LOB 49.82 55.36 1.44 5.69 5.56 0.04 1.03 0.25 0.03 0.01]Coy “Yruy
4 LOB 55.36 60.89 2.80 8.48 5.56 0.08 1.53 0.33 0.04 001}, J
5 LOB 60.89 66.43 450 1126 5.56 013/ 203 0.40 0.05 0.02 "ﬁg * S
6 LOB 66.43 71.96 6.50 14.05 5.56 0.19[{~. 254 0.46 0.07 003 & 4. .
7 LOB 71.96 77.50 8.78 16.83 5.56 0.26[{ 2%, 3.04 0.52 0.08 0.04] | N 2%
8 LoB 77.50 83.04 11.34|  19.62 5.56 034 \ 354 0.58 0.09 0.05 le
9 LOB 83.04 88.57 14.14] 2241 5.56 042 | 405 0.63 0.10 0.07 {
10 LOB 88.57 94.11 17.05|  25.05 5.55 051 | 453 0.68 0.12 0.08 MQ -
1 LOB 94.11 99.64 19.23]  26.91 554|  058]) 486 0.71 0.13 0.09
12 LOB 99.64 105.18 21.34] 2865 554  064]\7/517 0.74 0.13 0.10
13 LOB 10518 [110.71 2353  30.38 5.54 0.70] ) 5.49 0.77 0.14 0.11
14 LOB 11071 |116.25 2572|  32.04 5.54 077 0579 0.80 0.15 0.12
15 LoB 116.25  |121.79 27.11 33.06 5.54 081|272 597 0.82 0.15 0.13
16 LoB 121.79  [127.32 2832 33.93 5.54 0855 613 0.83 0.16 0.13
17 LOB 127.32  [132.86 29.55|  34.81 5.54 088/ “ly6.20 0.85 0.16 0.14
18 LOB 132.86  |138.39. 3080/ 3568 5.54 0.92)) °/6.45 0.86 0.17 0.14
19 LOB 138.39  [143.93 32.06 36.56 5.54 096, “les60 0.88 0.17 0.15
20 LoB 143.93  |149.46 3335 3743 5.54 1.00f, 44 6.76 0.89 0.18 0.16
21 LOB 149.46 155,00 3466|  38.30 5.54 1.04]) "~ h6.92 0.90 0.18 0.16
22 Chan 155.00  |161.80 84.41| 4860 6.81 252 7.15 1.74 0.19 0.32
23 Chan 161.80  |168.60 95.75|  54.81 7.61 2.86 8.06 1.75 0.19 0.33
24 Chan 168.60  [175.40 132.91 63.83 6.81 3.97 9.39 2.08 0.24 0.51
25 Chan 175.40  |182.20 141.21 66.18 6.81 4.22 9.73 2.13 0.25 0.54
26 Chan 182.20  |189.00 146.95|  67.75 6.80 4.39 9.96 247 0.26 0.56
27 Chan 189.00  |195.80 149.19|  68.37 6.80 4.46 10.05 2.18 0.26 0.57
28 Chan 195.80  |202.60 153.40|  69.53 6.80 4.59 10.22 2.21 0.26 0.58
29 Chan 202.60  [209.40 158.32|  70.86 6.80 4.73 10.42 2.23 0.27 0.60
30 Chan 200.40  [216.20 154.08|  69.84 6.83 4.61 10.27 2.21 0.26 0.58
31 Chan  |216.20  [223.00 118.56|  62.72 7.74 3.55 9.22 1.89 0.21 0.40
32 ROB 223.00  |289.48 418.49)  443.01 66.51 12.51 6.66 0.94 0.17 0.16
33 ROB 289.48  [355.95 393.47| 426.84| 6648 11.77 6.42 0.92 0.17 0.15
34 ROB 355.95  |422.43 262.70| 33592  66.96 7.86 5.05 0.78 0.13 0.10
35 ROB 422.43  |478.32 177.19|  246.91 55.99 5.30 4.42 0.72 0.11 0.08
36 ROB 478.32  |634.22 243.28| 298.47|  55.91 7.28 5.34 0.82 0.14 0.1
a7 ROB 534.22  |590.11 11545 190.95|  55.99 3.45 3.42 0.60 0.09 0.05
38 ROB 590.11  |646.00 2583  77.01 54.65 0.77 1.41 0.34 0.04 0.01
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Text Box
Starting point of embankment normal to flow. Adjustment for skew not needed at this site.
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Blackberry Creek_Design Model Plan: Existing-FJR  4/1/2016
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Pre-worksheet version of US 30 over Blackberry Creek
scour study for the 100-yr event

e The summary table helps explain the results.

e For abutment scour, only the applicable method was used at each
abutment.

e The spreadsheets clearly show what values were used along with
the equations. However, the spreadsheets need to be submitted
with the report in order to check the calculations. The values
used/applied in each equation are identified on the model output
or exhibits. Note the hand calculations done as part of the
worksheet submittal yielded very similar results. Either hand
calculations or spreadsheet calculations are acceptable.
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SCOUR: EX 100 Yr

1. CONTRACTION SCOUR -- Live Bed or Clear-Water?

Approach XS River Sta. 62926.52

1). Judge: LIVE BED or CLEAR-WATER Contraction Scour?

Al)

V.; =Ku YUE Dl."3

Where:

RESULTS:
Vc/ V =

Note:

1.60|ft/sec

2.00(ft/sec

8.77|ft

0.3[mm =

0.3[mm =

(English
Units) =

0.80 <=

(Eq. 6.1)

: Judgement:

Clear-water
| contraction scour
I wil Exist,

|
|
| Check: V/V=

P1

____________ 1
|
|
|

Ifv./Vv>1 |

Live Bed scour will exist, go |
to SHEET |

0.80 1b_Contraction_Live bed 1

(assuming D50 >= 0.2 mm)

Eq. 6.1, HEC. No. 18

(Critical Velocity above which bed material of Size D and smllaer will be transported, ft/s)

(Mean Velocity of the Flow in the Main Channel or Overbank Area Upstream of the
Bridge Opening, ft/s)

(Average Depth of flow Upstream of the Bridge, ft)

0.000984(ft

Live Bed
Scour

Input Data|

Calculated Results

Applies!

(Particle size in a misture of which 50% are smaller, or Median diameter of bed material,
ft) Note: a resonable lower limit of D50 = 0.2 mm can be applied to this equation. For
smaller sizes, cohesion tends to increase Vc)

0.000984(ft (Particle size for Critical Velocity V., ft); Assuming D = D50, update if different.
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1. CONTRACTION SCOUR

B. LIVE BED CONTRACTION SCOUR

SCOUR: EX 100 Yr

P BIT 5 Ky
B1) Y. [Q> | W, ]
v, LQ LW, Eq. 6.2, HEC. No. 18
B2) Vs = Y2 - Yo = (average contraction scour depth) (Eq.6.3) Eq. 6.3, HEC. No. 18
Where:
Ys = 8.12|ft (Average Contraction Scour Depth, ft)
Yy, = 8.77|ft (Average Depth in the Upstream Main Channel, ft)
Y, = 15.92|ft (Average Depth in the Contracted Section, ft)
Yo = 7.8|ft (Existing Depth in the Contracted Section Before Scour, ft, See Note 7)
Q; = 1192.63 ft3/sec (Flow in the Upstream channel transporting sediment, ft3/5)
Q, = 2808 ft3/sec (Flow in the Contracted channel, ft3/5)
W, = 68|ft (Bottom Width of the Upstream Main Channel that is Transporting Bed Material, ft)
W, = 83|ft (Bottom Width of Main Channel in Contracted Section LESS Pier Width(s), ft)
L _ P, A %
Exponent K1 Determination (below) Ve = (86/A)" = (gy1 S1)
V* = 0.34|ft/s (Shear Velocity in the Upstream Section, ft/s)
(Fall Velocity of Bed Material based on the D50, m/s (Fig. 6.8), then Multiply T in m/s by 3.28
T= 0.13|ft/s = 0.04|m/s to convert to English Unit)
S, = 0.000421[ft/ft (Slope of Energy Grade Line of Main Channel, ft/ft)
8 = 0.061282 ||:)/ft2 (Shear Stress on the Bed, Ib/ft2)
A= slugs/ it (Density of Water, 1.94 slugs/ft3, or 1000 kg/m3)
g = ft/s2 (Acceleration of Gravity, 32.2 ft/s’, or 9.81 m/sz)
Calculate K1:
V¥/T = 2.63
K; = 0.69 (K1 Exponent Determination)
K1 Exponent Determination Table (below)
v*/T K1 |Mode of Bed Material Transport
<0.50 0.59 |Mostly contracted bed material discharge
0.50to0 2.0 0.64 |Some suspended bed material discharge
>2.0 0.69 |Mostly suspended bed material discharge
CALCULATIONS
Ys = 8.12|ft (Average Contraction Scour Depth, ft)
Y, = 15.92|ft (Average Depth in the Contracted Section, ft)
Note:
Input Datal
Calculated Results

P2
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2. PIER SCOUR

SCOUR: EX 100 Yr

51) %‘:20 K, K, Ks [

0.35
LJ Fr043
a

(Flow Dist Sta. 229.85-
240.28) Sta. 62869.66

(Flow Dist Sta. 229.85-
240.28) Sta. 62869.66

(Fig. 7.3, Tab 7.1)

=0
(Tab 7.2 or Eqn 7.4)

(Tab 7.3)

Where:
Y, = 431|ft
Vi = 9.25|ft
a-= 2|ft
L= 55|ft
V, = 4.74|ft/s
Pier Nose Shape = round
K1 = 1
Skew Angle of
Flow = of°
K, = 1.00
Small
Bed Condition = Dunes
K3 = 1.1
g= ft/s2
Fry = 0.27
CALCULATIONS
Ys = 4.31(ft
Frl = 0.27
Note:
Input Data
Calculated Results

(Eq. 7.3)

P3

Eq. 7.3, HEC. No. 18

(Scour Depth, ft)

(Flow Depth directly Upstream of the Pier, ft)

(Pier Width, ft)
(Length of Pier, ft)

(Mean Velocity of Flow Directly Upstream of the Pier, ft/s)

Input Options: a) square, b) round, c) circular, d) group of cylinders, e) sharp.

INPUT e.g., square

(Correction Factor for Pier Nose Shape from Figure 7.3 and Table 7.1 )

(e.g. 0, 15, 30, 45, 90, etc. See Table 7.2 or Eqn. 7.4)

(Correction Factor for Angle of Attack of Flow from Table 7.2 or Eqn. 7.4 )

Input Options: a) Clear-water scour; b) Plane Bed and Antidune flow; c) Small
Dunes (10 > H >=2 ft); d) Medium Dunes (30>H>=10 ft); e) Large Dunes (H>=30

ft). e.g. Input: Clear-water scour.
(Correction Factor for Bed Condition from Table 7.3 )

(Acceleration of Gravity, 32.2 ft/s?, or 9.81 m/s’)
(Froude Number Directly Upstream of the Pier, Fr ,

(Scour Depth, ft)

(Froude Number Directly Upstream of the Pier, Fr ,

= Val(gy)'"?

= Vi/(gy)"?
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SCOUR: EX 100 Yr P4

3. LOCAL SCOUR - ABUTMENTS LEFT
IConstraints: 1
A. Froehlich's Abutment Scour Equation I Froehlich's Eqn, If L/Y, < 25 :
| Check:L/yl= 6.96 Froehlich's Eqn. Works |

Eq. 8.1, HEC. No. 18

, 043
a) Yo _227 K, Ky | —| Fro®41 | (Eas)
Ya/

Ya

WSE at bridge face = 659.43

GND Elev at toe of Left Abut = 655.35
Where: / y1 = 659.43 - 655.35 = 4,08
Y1 = 4.08|(ft (Depth of Flow at the Abutment on the Overbank or in the Main Channel, ft)

Ys = 9.43|ft (Scour Depth, ft)
Ya = 3.81|ft (Average depth of flow on the floodplain (A . /L), ft)
L' = 105.31|ft XS 62926.52 (Length of Active Flow Obstructed by the Embankment, ft) See L and L' Ex Sht 3 of 10
L = 28.39|ft XS 62869.66 (Length of Embankment Projected Normal to the Flow, ft) See L and L' Ex Sht 3 of 10
A = 401.02(ft2 (Flow Area of the Approach Cross Section obstructed by the Embankment, ft2)
Q. = 292.09 fts/sec (Flow Obstructed by the Abutment and Approach Embankment, ft* /s)
Vv, = 0.73|ft/s (=Q./Ac, ft/5)
Fr = 0.066 (Froude Number of Approach Flow Upstream Embankment, ft° /s; =V, /Sqrt(g*y ,)
Abutment Vertical-wall abutment Input Options : a) Vertical-wall abutment; b) Vertical-wall abutment with wing walls; c)
Shape = with wing walls Spill-through abutment. E.g. Vertical-wall abutment
|(1 = 0.82 Coefficient of Abutment Shape (Table 8.1);

(Angle of Embankment to Flow, 6 in degrees; See Fig. 8.5: ©< 90° if embankment
O = 90|° points down stream; 6 > 90 ° if embankment points ups tream)

(Coefficient for Angle of Embankment to Flow; See Fig 8.5 for definition of Angle Theta 6;
K, = 1.00 K2 = (6/90)70.13)

g= _ft/SZ (Acceleration of Gravity, 32.2 ft/s?, or 9.81 m/sz)

CALCULATIONS

Ys = ft (Scour Depth, ft)

Note:

Input Data
Calculated Results
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3. LOCAL SCOUR - ABUTMENTS

B. HIRE Equation

B1) ¥s _ 4 o3 K K.

Y, 055
Where:
Y, = 22.11|ft
Yi= 5.53|ft
V; = 3.97|ft/sec
L = 384.34|ft
Fr = 0.30
Vertical-wall
Abutment abutment with
Shape = |wing walls
K, = 0.82
o= 90|°
K, = 1.00
CALCULATIONS
y; = 22.11|ft
Note:

Input Data

Calculated Results

RIGHT

(Eq. 8.2)

XS 62869.66

SCOUR: EX 100 Yr P5

Iconstraints: -I
HIRE Method, IfL/Y, > 25 I
| Check:L/yl= 69.50 HIRE Eqn. Works! |

Eq. 8.2, HEC. No. 18

WSE at bridge face = 659.43
GND Elev at toe of Right Abut = 653.90
y1=659.43 - 653.90 = 5.53

(Scour Depth, ft)
(Depth of Flow at the Abutment on the Overbank or in the Main Channel, ft)
(Velocity of flow at tip of the Abutment, ft/s)

(Length of Embankment Projected Normal to the Flow, ft) See L and L' EX sht 3 of 10
(Froude Number based on the Veolocity and Depth adjacent to and Upstream of the
Abutment,=V ; /Sqrt(g*y ;))

Input Options : a) Vertical-wall abutment; b) Vertical-wall abutment with wing walls; c)
Spill-through abutment. e.g. Vertical-wall abutment

Coefficient of Abutment Shape (Table 8.1);

(Angle of Embankment to Flow, © in degrees; See Fig. 8.5: ©< 90° if embankment
points down stream; 6 > 90 ° if embankment points ups tream)

(Coefficient for Angle of Embankment to Flow; See Fig 8.5 for definition of Angle Theta 6;
K2 = (6/90)10.13)

(Acceleration of Gravity, 32.2 ft/sz, or9.81 m/sz)

(Scour Depth, ft)
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SCOUR: EX 100 Yr P6

L iriryipnipi i A
3. LOCAL SCOUR - ABUTMENTS [Judgement: I
| Live-Bed 1
] contraction |
I scour will IfL/B; >0.75 |
| Exist, |
C. NCHRP 24-20 Abutment Scour Approach I Lent L/Bf=  1.43 Live-Bed :
I Right L/Bf= 1.06 Live-Bed i
(q \617
1) y. =y, == (Eq. 8.5) Eq. 8.5, HEC. No. 18 for live bed conditions
\ q,
——
c2) y =l y \or y =agy Eq. 8.3, HEC No. 18
max ~ A Jc/ max BJc
S~
c3) ys — ymax - yo (Eq. 8.4) Eq. 8.4, HEC No. 18
Where:
Ys = 11.45|ft (Abutment Scour Depth, ft)
LLABUT = 28.39|ft (Length of Embankment Projected Normal to the Flow, ft) See L and L' Ex Sht 3 of 10
BfLEFT = 19.89|ft Width of floodplain, Left side, RS 62869.66, See cross section exhibit
LRABUT = 384.34|ft (Length of Embankment Projected Normal to the Flow, ft) See L and L' EX sht 3 of 10
BfRIGHT = 360.97|ft Width of floodplain, Right side, RS 62869.66, See cross section exhibit
Y1 = 8.77]|ft (Upstream flow depth)
Yo = 7.80]ft (flow depth prior to scour)
Q; = 1192.63 fts/sec (Flow in the Upstream channel transporting sediment, ft> /s)
Q; = 2808 ft?’/sec (Flow in the Contracted channel, ft* /s)
W, = 68|ft (Bottom Width of the Upstream Main Channel that is Transporting Bed Material, ft)
Wz = 83|ft (Bottom Width of Main Channel in Contracted Section LESS Pier Widths(s), ft)
q, = 17.54 ftz/sec Q; /W 1 (Upstream Floodplain Unit Discharge, ft° /s)
(Unit Discharge in the Constricted Opening Accouting for Non-uniform flow distribution, or,
_ 33.83|ft*/sec Q,/W, L 2
dyc = Abutment Unit Discharge, ft* /s)
(:|ZC/¢:|1 = 1.93 (Note: Used to find "Amplification Factor" for Live-Bed Condlitions in Fig. 8.9 or 8.10)
Ye = 15.40(ft (Flow depth including Live-Bed Contraction Scour, ft)
o 1.25 Fig. 8-10 (Amplification Factor for Live BedConditions, See Fig. 8.9 (Spill-through Abutments & Live-
A = i HEC-18 bed, or 8.10 (Wingwall Abutments & Live-bed))
Ymax = 19.25|ft (Maximum flow depth resulting from Abutment Scour, ft)
CALCULATIONS

Ys = 11.45(ft (Abutment Scour Depth, ft)

Note:

Input Data

Calculated Results
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Plan: EX Blackberry Creek Main before A RS: 62823.34 Profile: Q100
E.G. US. (ft) 659.76 | Element Inside BR US Inside BR DS
W.S. US. (ft) 659.48 | E.G. Elev (ft) 659.72 659.53
Q Total (cfs) 2808.00 | W.S. Elev (ft) 659.43 659.21
Q Bridge (cfs) 2808.00 | Crit W.S. (ft) 654.89 655.12
Q Weir (cfs) Max Chl Dpth (ft) 9.25 8.98
Weir Sta Lft (ft) Vel Total (ft/s) 4.34 4.51
Weir Sta Rgt (ft) Flow Area (sq ft) 647.60 621.95
Weir Submerg Froude # Chl 0.25 0.27
Weir Max Depth (ft) Specif Force (cu ft) 2993.67 2790.61
Min El Weir Flow (ft) 666.71 | Hydr Depth (ft) 7.80 7.23
Min El Prs (ft) 663.64 | W.P. Total (ft) 102.64 106.82
Delta EG (ft) 0.30 | Conv. Total (cfs) 51339.1 46735.7
Delta WS (ft) 0.34 | Top Width (ft) 83.00 86.09
BR Open Area (sq ft) 973.55 | Frctn Loss (ft) 0.18 0.07
BR Open Vel (ft/s) 451 | C & E Loss (ft) 0.01 0.00
Coef of Q Shear Total (Ib/sq ft) 1.18 1.31
Br Sel Method Energy only | Power Total (Ib/ft s) 0.00 0.00

Q Bridge
Hydr

Depth
Top Width

2808 cts = Q2

7.80
83.00

ft = YO
ft = W2
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Highlight

SGL
Typewritten Text
Q Bridge - 2808 cfs = Q2
Hydr Depth - 7.80 ft = Y0
Top Width - 83.00 ft = W2


Plan: EX Blackberry Creek Main before A RS: 62926.52 Profile: Q100

E.G. Elev (ft) 659.83 | Element Left OB Channel Right OB
Vel Head (ft) 0.03 | Wt. n-Val. 0.106 0.064 0.106
W.S. Elev (ft) 659.80 | Reach Len. (ft) 53.09 56.86 49.22
Crit W.S. (ft) 655.05 | Flow Area (sq ft) 419.34 596.04 1735.77
E.G. Slope (ft/ft) 0.000426 | Area (sq ft) 419.34 596.04 1735.77
Q Total (cfs) 2808.00 | Flow (cfs) 302.40 1192.63 1312.97
Top Width (ft) 583.92 | Top Width (ft) 106.29 68.00 409.64
Vel Total (ft/s) 1.02 | Avg. Vel. (ft/s) 0.72 2.00 0.76
Max Chl Dpth (ft) 9.86 | Hydr. Depth (ft) 3.95 8.77 4.24
Conv. Total (cfs) 136094.9 | Conv. (cfs) 14656.4 57803.2 63635.4
Length Wtd. (ft) 54.87 | Wetted Per. (ft) 106.52 69.82 410.41
Min Ch El (ft) 649.94 | Shear (Ib/sq ft) 0.10 0.23 0.11
Alpha 1.94 | Stream Power (Ib/ft s) 646.00 0.00 0.00
Frctn Loss (ft) 0.05 | Cum Volume (acre-ft) 32.85 28.27 53.26
C & E Loss (ft) 0.03 | Cum SA (acres) 7.78 3.94 16.25

Channel Flow - 1192.63 cIis

Top Width - 68.00 ft = W1

Hydr Depth - 877 ft = Y1

Avg. Vel. - 200 ft/s =V
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Channel Flow - 1192.63 cfs
Top Width - 68.00 ft = W1
Hydr Depth - 8.77 ft = Y1
Avg. Vel. - 2.00 ft/s = V
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Pre-worksheet calculations showing all frequencies for a
proposed structure

e The summary table shows the recommended values for scour for each
frequency.

e The spreadsheet would be needed to check the calculations.
e The work is clearly shown along with how the variables were selected.

However, for brevity the NCHRP supporting exhibits are not shown for
items such as La,,: and B; which determines Live-Bed versus Clearwater.
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Hydraulic Report No. 2 for Outlet No. 7B
lllinois Route 47 (US Route 14 to Reed Road)
IL-47 over the Kishwaukee Creek (South)

Scour Calculations

D1 PDPDF5 (02/03/17)



Summary of Scour

Scour (ft)

Type of Scour 10-year 50-year 100-year 200-year
Contraction 0.37 2.43 5.18 0.78
Abutment

Left 4.25 1.62 1.94 2.46
Right 5.58 5.58 5.00 4.85
Total Left 4.62 4.05 7.12 3.24
Total Right 5.95 8.01 10.19 5.63
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10 Year Scour Analysis
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10 YR Contraction Scour Calculation

1
where: Ve = Kuy1/6D1/3
Vc = Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)
Yy = Average depth of flow upstream of the bridge, ft (m)
D = Particle size for Vc, ft (m)
D50 = Particle size in a mixture of which 50 percent are smaller, ft (m)
Ku = 6.19 Sl units
Ku = 11.17 English units

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will exist. If
the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the critical
velocity use the equation derived in the Appendix C.

From upstream cross section 168:

Hydraulic Depth (y1)= 5.08 ft Velocity Total (V)= 1.94 ft/s
1 Vc= 1.273 f/s using  0.200 mm Vc<V Live-Bed
2 Vc= 0.802 f/s using  0.050 mm Vc<V Live-Bed

Live-Bed Contraction Scour

Y2 _ (92v6/7 W1yky
1 (Q1) (Wz)

Yy
vl = Average depth in the upstream main channel, ft (m)
y2 = Average depth in the contracted section, ft (m)
yo = Existing depth in the contracted section before scour, ft (m)
Ql = Flow in the upstream channel transporting sediment, ft3/s (m3/s)
Q2 = Flow in the contracted channel, ft3/s (m3/s)
w1 = Bottom width of the upstream main channel that is transporting bed material, ft (m)
w2 = Bottom width of main channel in contracted section less pier width(s), ft (m)
k1 = Exponent determined below
V¥/w kil Mode of Bed Material Transport
<0.50 0.59 Mostly contact bed material discharge
0.50to0 2.0 0.64 Some suspended bed material discharge
>2.0 0.69 Mostly suspended bed material discharge
Vv* = (90/A)% = (gyl S1)%, shear velocity in the upstream section, ft/s (m/s)
w = Fall velocity of bed material based on the D50, m/s (Figure 6.8)
For fall velocity in English units (ft/s) multiply w in m/s by 3.28
g = Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)
S1 = Slope of energy grade line of main channel, ft/ft (m/m)
Jo = Shear stress on the bed, (Ib/ft2) (Pa (N/m2))
A = Density of water (1.94 slugs/ft3) (1000 kg/m3)

0.01

0.001
=
o
0.0001
Q.0 r | | —r— 1—r T T | r T — 1 ™71 0.00001
0.001 0.0t 1 1
®, m/s
Figure 6.8 from HEC-18
From upstream cross section 168:
Shear (90) = 0.16 Ib/sq ft
Hydr. Depth (y1) = 5.08 ft
E.G. Slope (S1) = 0.0006
V* = (90/0)% = (gy1 S1)%ft/s (m/s)
V*= 0.287 = 0.312
Using figure 6.8 @ T =20 °:
1 using 0.200 mm w = 0.028 m/s 0.092 ft/s
2 using 0.050 mm w = 0.003 m/s 0.010 ft/s
1 V¥/w = 3.4 k1= 0.69
2 V*/w = 31.7 k1= 0.69
From upstream cross section 168: From bridge cross section 166:
Channel Flow (Q1) = 339.88 cfs Channel Flow (Q2) = 340.00 cfs
Hydr. Depth (y1) = 5.08 ft Top Width (W2) = 19.27 ft
Top Width (W1) = 34.60 ft Depth Before Scour (y0) = 7.24 ft
1 y2= 7.61 ft
y2= 7.61 ft
ys=y2-y0 *Reasonable Lower limit for D50 used for
1 ys= 0.37 ft w/ 0.20 mm comparison (HEC-18 Manual, Pg 6.2, Section
ys= 0.37 ft w/ 0.05 mm 2.2.1, Paragraph 2)
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10 YR Abutment Scour Calculation

Cross Section Data for bridge cross section for LT

L= 7.04 ft Abutment Length L/yo= 1.0 <25
y0= 7.24  ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
Cross Section Data for bridge cross section for RT
L= 6.85 ft Abutment Length L/yo= 0.9 <25
y0= 7.24  ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
K1 = Coefficient for abutment shape (Table 8.1)
K2 = Coefficient for angle of embankment to flow
K2 = (6/90)0.13 (see Figure 8.5 for definition of 0)
0<90° if embankment points downstream
0>90° if embankment points upstream
L = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)
Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)
Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)*1/2))
Ve = Qe/Ae, ft/s (m/s)
Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)
ya = Average depth of flow on the floodplain (Ae/L), ft (m)
L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)
ys = Scour depth, ft (m)
y % 0.43
= =227 K Ky(=—)  Fr9%6l 41
Ya a
Table 8.1. Abutment Shape Coefficients
Description K1
Vertical-wall abutment 1
Vertical-wall abutment with wing
walls 0.82
Spill-through abutment 0.55
LEFT RIGHT
K1= 0.82 ya= 2.26 ft K1 0.82 ya= 3.25 ft
K2= 1.00 Fr= 0.13 K2 1.00 Fr= 0.12
L= 7.04 ft Ve= 1.13 ft/s L= 6.85  ft Ve= 1.27 ft/s
L'= 7.04 ft Qe= 17.90 ft3/s L'= 6.85 ft Qe= 28.24  ft3/s
Ae= 15.88 ft2 Ae= 22.23  ft2
ys = 4.25 ft ys = 5.58 ft
Combined Scour Depths
Left Abutment Scour + Contraction Scour 4.62 ft
Right Abutment Scour + Contraction Scour 5.95 ft
NCHRP Live-Bed Scour Calculation
6 yl= 5.08 Hydr. Depth - Upstream Section
Ve = V1 (&) 7 q2c= 17.00 Total Q at BR/width of BR
_ q1 ql= 9.82 Total Q at US XS / width of US XS yc= 8.13 ft
Ymax = @€aYc op = 1.27 ymax=  10.32 ft
Ys = Ymax — Yo y0= 7.24 ys= 3.08 ft
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IO VR CROSS SecTioN 6%

Plan: Prop 38 Scour 2 7b RS: 168 Proflle: Q010

E.G. Elev (ft) | 857.49 Element  LeftOB|  Channel| RightOB
' Vel Head (ft) i 0.06 Wt n-Val. ‘_ 0.070 | 0.050 | .
W.S. Elev (ft) | 857.44 ReachLen.(ft i 13.78 | 13.78 | 13.78
Crit W.S. (ft) | 852.77  Flow Area (sq ft) 0.84 17562
|E.G. Slope (fUft)S, |  0.000596 Area (sq ft) : 198 17562
' Q Total (cfs) | 340.00 | Flow(cfs) @y | 012 33988
Top Width (ft) | 55.27 TopWidth (f) W, | 2067 34.60
Vel Total (ft/s) [ 1.93  Avg. Vel (ftls) W | 0.14 1.94
| Max Chi Dpth (ft) | 8.24 | Hydr. Depth (f) Yy | 0.14 | 5.08
Conv. Total (cfs) | 139225, Conv.(cfs) = _ | 47 139178
 Length Wid. (ft) 13.78 | Wetted Per. (ft) ,I 6.13 | 40.33 |
Min Ch El (ft) | 84919  Shear(Ib/sq ft) ZE | 0.01 0.16 | .
Alpha _ 1.01 Stream Power (Ib/fts) |  1367.34 | 0.00 0.00
Fretnloss(ft) | ' Cum Volume (acre-ft) | 7.36 5.76
[C8&ELoss(ft) | Cum SA (acres) | 4.39 1.20
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Bridog  Ouiprt 10y

Plan: Prop 35 Scour 2 7b RS:166  Profile: Q010 -
| E.G.US. (ft) 857.49 | Element Inside BR US]__ inside BR DS
| W.S. US. (ft) o 857.44 | E.G. Elev (ft) 8872 85647
[Q1 Total (cfs) 340.00 | W.S. Elev (ft) 8 856.63 | 856.38
Q Bridge (cfs) . Q_ 340.00 | Crit W.S. (ft) _ 851.47 _851.38
Q Weir (cfs) Max Chl Dpth (ft) B _\‘ 0, \/ 724, 7.07
| Weir Sta Lft (ft) - Vel Total (ft/s) 236 | 241
Weir Sta Rgt (ft) Flow Area (sq ft) 14426 | 1 141.05 |
Weir Submerg Froude # Chl 015 0.16
Weir Max Depth (ft) | Specif Force (cu ft) 54824 525.15
Min El Weir Flow (ft) 863.50 | Hydr Depth (ft} 749 7.25
Min El Prs (ft) 859.39 | W.P. Total (ft) 34.58 3419
| Delta EG (ft) N 0.16 | Conv. Total (cfs) 11111.2 107819
Delta WS (ft) ~0.18 | Top Width (ft We 1927 1946
BR Open Area (sq ft) ~ 184.26 | Fretn Loss (ft) |
'BR Open Vel (ft/s) 2.41 | C&E Loss (ft) - ]
Coefof Q Shear Total (Ib/sq ft) - 0;2£ | 026 |
Br Sel Method Momentum | Power Total (Ib/ft s) ~887.00 | ~849.02 |
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Elevation (ft)

IL47 Outlet 7B Plan: Proposed Design 3-sided Scour  4/5/2016
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169 — 10y Flow distCioution

Plan: Prop 38 Scour 2 7b RS: 168 Profile: Q010

Pos | LeftSta | RightSta | Flow | Area | W.P. | Percent | Hydr | Velocity | Shear | Power
(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (Ib/sq ft) (Ib/ft s)

1 LOB 1097.07  |1127.08 0.00 0.03 0.44 0.00 0.07 0.00 0.00 0.00
2 LOB 1127.08 | 1157.09 0.00 0.70 628  0.00] 0.11 0.00 0.00 0.00
3 LOB 1157.00  [1187.10 0.00 0.39 7.85 0.00 0.06 0.00 0.00 0.00
4 [LoB 1187.10  |1193.23 0.12| 0.84 6.13 0.03 0.14 0.14 0.01 0.00
5 [chan 1193.23  |1194.96 0.54| 1.22 2.03 0.16 0.70 0.45 0.02 0.01
6 Chan 1194.96 |1196.70 2.51| 3.05 203) 074 1.76 0.82 0.06 0.05
7 Chan 1196.70  |1198.43 5.50| 4.89 2.03 1.62 2.82 113 009 o010
8 Chan 1198.43  |1200.16 9.35| 6.72 2.03 2.75 3.88 1.39 0.12 0.17
9 Chan 120016 |1201.90 14.13 8.42 1.92 4.16 4.86 1.68 0.16 0.27
10 Chan 1201.90 120363 16.26)  970|  222] 478 560 1.68 0.16 0.27
11 Chan 1203.63 |1205.37 2467 1210 2.06 7.26 6.98 2.04 0.22 0.45
12 Chan 1205.37  |1207.10 29.82 12.74 177 817 7.35 2.34 0.27 0.63
13 Chan 120710 | 1208.83 3211 1332 177 9.44 7.68 2.41 0.28 0.68
14 Chan 1208.83  |1210.57 3445  13.89 1.76 10.13 8.01 2.48 0.29 0.73
15 Chan 121057  (1212.30 33.89)  13.93 1.82 9.97 8.04 2.43 0.28 0.69
16 Chan 1212.30  |1214.03 29.76 12.92 1.83 8.75 745 230 026 060
17 Chan 1214.03  |1215.77 26.15 11.91 1.82 7.69 6.87 2.19 0.24 0.54
18 Chan 121577 121750 2296  11.01] 181 6.75 6.35 2,09 0.23 0.47
19 Chan 121750  |1219.23 17.23 9.66 2.01 5.07 5.57 1.78 0.18 0.32
20 Chan 121923 |1220.97 12.30 7.89 2.01 3.62 455 1.56 0.15 0.23
21 Chan 122097  |1222.70 9.88 6.60 1.79| 2.91 3.81 1.50 0.14 0.21
22 Chan 122270  |1224.43 8.51] 6.01 1.77| 250 346 1.42] 013 018
23 Chan 122443 [122647 |  7.15] 5.41 1.77| 2.10 3.12 1.32 0.11 0.15|
24 Chan 122617 |1227.90 2.70| 4.21 4.07| 0.79| 2.54 0.64 0.04 0.02|

Lef+ Qg = 1#.90 cfs Right Qe: 2%.2y cfs

\
(e€+ Re: /5 6o o4t Risat Ng: 25 23 pp2
~ oy N L m a
Vo0 Lf ) 7 0D, B% — 1193.8% = T
L e~ ~ = =
\\
, %5
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L' Calculation for 10 YR

L

Egual Cgnveyance Tubes
L

Figure 8.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

When examining the flow distribution table for cross section 168,

there is no significant flow in the left or right overbanks to consider as

active flow obstructed by embankment. As seen in the flow distribution table,
there is zero flow in the embankment outside of the abutment. This judgement is
made by utilizing the methods used in section 8.2.2 in the HEC-18 Manual

as well as Figure 8.4 shown above. The 10 yr event has a short embankment
length, therefore the L' was set equal to the embankment length projected
normal to the flow (L).
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50 Year Scour Analysis
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50 YR Contraction Scour Calculation

where: V(; —
Vc =

D50 =
Ku =
Ku =

1/ 1
Kuyl/ 6p /3
Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)
Average depth of flow upstream of the bridge, ft (m)
Particle size for Vc, ft (m)
Particle size in a mixture of which 50 percent are smaller, ft (m)
6.19 Sl units
11.17 English units

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will
exist. If the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the

critical velocity use the equation derived in the Appendix C.

From upstream cross section 168:

Hydraulic Depth (y1) =
1 Vc=
2 Vc=

6.06 ft Velocity Total (V) = 2.40 ft/s
1.31 f/s using  0.200 mm Vc<V Live-Bed
0.83 f/s using  0.050 mm Vc<V Live-Bed

Live-Bed Contraction Scour

y

Y2 _ (Q2v6/7 Wiyk,
1 (Ql) (Wz)

yl =
y2 =
yo =
Ql =
Q2 =
wi =
W2 =
k1 =

V¥/w k1
<0.50 0.59
0.50 to 2.0 0.64
>2.0 0.69

v* =

w -

S1 =
vo =

Average depth in the upstream main channel, ft (m)

Average depth in the contracted section, ft (m)

Existing depth in the contracted section before scour, ft (m)

Flow in the upstream channel transporting sediment, ft3/s (m3/s)

Flow in the contracted channel, ft3/s (m3/s)

Bottom width of the upstream main channel that is transporting bed material, ft (m)
Bottom width of main channel in contracted section less pier width(s), ft (m)
Exponent determined below

Mode of Bed Material Transport

Mostly contact bed material discharge
Some suspended bed material discharge
Mostly suspended bed material discharge

(90/A)%: = (gyl S1)¥, shear velocity in the upstream section, ft/s (m/s)
Fall velocity of bed material based on the D50, m/s (Figure 6.8)

For fall velocity in English units (ft/s) multiply w in m/s by 3.28
Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)

Slope of energy grade line of main channel, ft/ft (m/m)

Shear stress on the bed, (Ib/ft2) (Pa (N/m2))

Density of water (1.94 slugs/ft3) (1000 kg/m3)

0.0t

0.001
£
o
0.0001
Q.01 1 r ||l|1—r [ l —tTTt r T iIIllI 0.00001
Q.00 .01 0.1 1
W, m/s
Figure 6.8 from HEC-18
From upstream cross section 168:
Shear (90) = 0.24 Ib/sqft
Hydr. Depth (y1) = 6.06 ft
E.G. Slope (S1) = 0.00074
V* = (90/0)%: = (gy1 S1)%ft/s (m/s)
V*= 0.352 = 0.380
Using figure 6.8 @ T =20 °:
1 using 0.200 mm W = 0.028 m/s 0.092 ft/s
2 using 0.050 mm w = 0.003 m/s 0.010 ft/s
1 V*/w = 4.1 k1= 0.69
2 V*/w = 38.6 k1= 0.69
From upstream cross section 168: From bridge cross section 166:
Channel Flow (Q1) = 505.31 cfs Channel Flow (Q2) = 510.00 cfs
Hydr. Depth (y1) = 6.06 ft Top Width (W2) = 14.01 ft
Top Width (W1) = 34.67 ft Depth Before Scour (y0) = 8.98 ft
1 y2= 11.41 ft
y2= 11.41 ft
ys=y2-y0
*Reasonable Lower limit for D50 used for
1 ys= 243 ft w/0.20mm * comparison (HEC-18 Manual, Pg 6.2, Section
ys= 243 ft w/ 0.05 mm 2.2.1, Paragraph 2)
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50 YR Abutment Scour Calculation

Cross Section Data for bridge cross section for LT

L= 166.77 ft Abutment Length L/y0o= 186 <25
y0= 8.98 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
Cross Section Data for bridge cross section for RT

L= 13.39 ft Abutment Length L/y0 = 1.5 <25
y0= 8.98 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
K1 = Coefficient for abutment shape (Table 8.1)

K2 = Coefficient for angle of embankment to flow

K2 = (6/90)0.13 (see Figure 8.5 for definition of 0)

0<90° if embankment points downstream
0>90° if embankment points upstream

L = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)
Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)
Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)*1/2))
Ve = Qe/Ae, ft/s (m/s)
Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)
ya = Average depth of flow on the floodplain (Ae/L), ft (m)
L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)
ys = Scour depth, ft (m)
y L/ 0.43
22 =227KK,(=)  Fr%él 41
Ya Ya
Table 8.1. Abutment Shape Coefficients
Description K1
Vertical-wall abutment 1
Vertical-wall abutment with wing  0.82
Spill-through abutment 0.55
LEFT RIGHT
K1= 0.82 ya= 0.68 ft Kl= 0.82 ya= 2.29 ft
K2= 1.00 Fr= 0.07 K2= 1.00 Fr= 0.19
L= 166.77 ft Ve= 0.35 ft/s L= 13.39 ft Ve= 1.62 ft/s
L'= 13.78 ft Qe= 39.12 ft3/s L'= 13.39 ft Qe= 49.61  ft3/s
Ae= 112.73 ft2 Ae= 30.65  ft2
ys = 1.62 ft ys = 5.58 ft
Combined Scour Depths
Left Abutment Scour + Contraction Scour 4.05 ft
Right Abutment Scour + Contraction Scour 8.01 ft
NCHRP Live-Bed Scour Calculation
6 yl= 6.06 Hydr. Depth - Upstream Section
y, = yl(@) 7 g2c=  25.50 Total Q at BR/width of BR
q1 ql= 1457 Total Q at US XS/ width of US XS yc= 9.79 ft
Ymax = ®aYc oy = 1.25 ymax=  12.24 ft
Ys = Ymax — Yo y0= 8.98 ys= 3.26 ft
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Plan: Prop 3S Scour 2 7b RS: 168 Profile: Q050

E.G. Elev (ft) | 85852
‘VelHead (f)y | 0.09
| W.S. Elev (ft) 858.43
 Crit W.S. (f) | 85352

E.G. Slope (ftft) S; = 0.000740

Q Total (cfs) I 510,00

Top Width (ft) ; 204.05
| Vel Total (ft/s) | 2.33
| Max Chi Doth (ft) | 9.24
| Conv. Total (cfs) |  18753.0

Length Wtd. (ft) i 13.78

Min Ch El (ft) | 849.19
| Alpha. 1.05

Frein Loss (ft) ! 0.01
, C &E Loss (ft) 0.00

| Element
| Wt. n-Val.
Reach Len. (ft)
I Flow Area (sq ft)
| Area (sq ft)
Flow(cfs) Gy
| Top Width (1) W1
| Avg. Vel. (ft/s) v
| Hydr. Depth (it) ¥,
Conv. (cfs)
| Wetted Per. (ft)
| Shear (Ib/sq ft)
. Stream Power (Ib/ft 8)
. Cum Volume (acre-ft)
Cum SA (acres)

e TIoN 168

Left OB
0.070

13.78

6.95
89.95

4.36
161.91
0.63

113 |

160.3
6.13

0.05
1367.34
13.09

10.81

Channel|

0.050

13.78 |

210.14
210.14
505.31

34.67

240
6.06

18580.7

40.95
0.24
0.00 |
6.78 |

1.26

Right OB
0.070
13.78

1.53
1.54
033
7.46
0.21
0.23
120
6.77
001
0.00 |
0.00 |
0.02
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Plan: Prop 3S Scour 2 7b RS:166  Profile: Q050

E.G. US. (ft) ) 858.52 | Element ~ | InsideBRUS| Inside BRDS|
W.S.US. (ft) ~ 858.43 | E.G.Elev (ft) 858.50 ~ 858.27 |
Q Total (cfs) ~ 510.00 | W.S.Elev(ft) 858.37 |  858.13 |

Q Bridge (cfs) Q4. 51000 Critw.s. (ft) | 852.12 852.04 |
QWweir(cfs) | | Max Chi Dpth (ft) ___..\fﬂ.f\)_ 8.98 8.82 |

Weir Sta Lft ﬂ o Vel Total (ft/s) I 2.92 2.96 ]
Weir Sta Rgt (ft) Flow Area (sq ft) 17475 | 172.42_!
| Weir Submerg Froude # Chl 047 0.18 |
| Weir Max Depth (ft) | Specif Force (cu ft) 848.56 821.42 |
“Min El Weir Flow (ft) 863.50 | Hydr Depth (ft) i 12.47 11.37_!

Min EI Prs (ft) _859.39 | W.P. Total (it) 41.12 39.93 1

Delta EG (ft) 0.28 | Conv. Total (cfs) . 136255 |  13587.9

Delta WS (ft) 0.32 | Top Width (ft) W 1401 15.16 |

BR Open Area (sq ft) ~184.26 | Frctn Loss (ft) 0.24 0.02 |

BR Open Vel (ft/s) 2.96 | C & E Loss (ft) 0.00 0.00 |

Coef of Q Shear Total (Ib/sq ft) 037 038 |

Br Sel Method Energy only | Power Total (Ib/ft s) 887.00 849.02 |
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IL47 Outlet 7B Plan: Proposed Design 3-sided Scour 4/5/2016
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870 Legend
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Plan: Prop 3S Scour 2 7b RS: 168 Profile: Q050

Pos Left Sta l Right Sta I Flow l Area W.P. Percent |  Hydr | Velacity Shear Power |
® | @ | (cfs) | (sqft) (ft) Conv | Depth(ft) | (f/s) (Ib/sqft) | (Ib/fts)

1 LOB 1007.04 |1037.05 0.00 0.36 5.73 0.00 0.06 0.00 0.00  0.00
2 LOB  [1037.05 [1067.06 | 0.00]  942| 3001 0.00 0.31 0.00 0.01 0.00
3 LOB 1067.06 | 1097.07 0.00 1158  30.01 0.00 0.39 0.00 0.02 0.00
4 LOB 1097.07  [1127.08 0.00 13.47] 3012 0.00 0.45 0.00 0.02 0.00
5 LOB 1127.08  |1157.09 000 2095 3012 0.00 0.70 0.00 0.03]  0.00
6 LOB 1157.09  |1167.10 0.00] 27.21 30.01 0.00 091 000 0.04 0.00
7 LOB 1187.10  |1193.23 4.36 6.95 6.13 0.85 113 0.63 0.05 0.03
8 Chan 119323 [1194.96 2.70 2.95 2.03 0.53 1.70 0.92 0.07 0.06
9 Chan  [1194.96 |1196.70 6.05 4.78 2.03 1.19 2.76 1.27 0.11 0.14
10 Chan  [1196.70 |1198.43 10.39 6.61 2.03 2.04 3.82 1.57 0.15 0.24
1 Chan 1198.43  |1200.16 1562 845/  2.03 3.06 4.87 1.85 0.19 0.36
12 Chan 120016  |1201.90 2200 1015  1.92 4.31 5.85 217 024 0.53|
13 Chan 1201.90 |1203.63 2437 1143 2.22 4.78 6.59 2.13 0.24 0.51
14 Chan  |1203.63 |1205.37 35.16 13.83 2.06 6.89 7.98 254 0.31 0.79
15 Chan 1205.37  |1207.10 42.06 14.47 1.77 8.25 8.35 2.91 0.38 1.10
16 Chan 1207.10  |1208.83 44.89|  15.05 177 8.80 8.68 2.98 039 117
17 Chan 1208.83  |1210.57 47.78] 1562 1.76 9.37 19.01 3.06 0.41 1.25
18 Chan 121057  |1212.30 46.98 15.66 1.82| 9.21 9.03 3.00 0.40| 1.19|
19 Chan 1212.30  |1214.03 41.85 14,65 1.83 8.21 8.45 2.96 0.37| 1.05
20 Chan 1214.03  |1215.77 37.39 13.64 1.82 7.33 7.87 2.74 0.35 0.95
21 Chan 121577 |1217.50 3340] 1273 1.81 6.55 7.35 2.62 0.32| 0.85
22 Chan 1217.50  1219.23 25.86 11.39]  201| 5.07 6.57 227 0.26 0.59|
23 Chan 1219.23  |1220.97 19.52 962 2.01 383 555 2.03 0.22| 0.45
24 Chan 1220.97 |1222.70 16.60| 8.33| 1.79 3.26 4.81 1.99 0.21 0.43
25 Chan 122270  |1224.43 14.79| 7.73 177 2.90 4.46| 1.91 0.20 0.39
26 Chan 1224.43  |1226.17 12.95| 7.14 1.77] 2.54 4.12| 1.81 0.19 0.34
27 Chan 1226.17  |1227.90 494 592 469 097 34| 083 0.06 0.05
28 ROB 1227.90 |1234.66 0.33] 153 6.77 0.06 0.23 0.21] 0.01 0.00
29 ROB  [123466 |[1247.93 0.00 0.0 0.71 0.00 0.02| 0.00| 0.00 0.00

left Qe: 395 ofs E"?H Qe 49.¢l fs
Left Ac: yjz.93 ot Rigit Ae: 30,65 Fe

ri ‘.') (&

Lol U0 120068 —~ e, 10

Lot L0 234,279~ 112028 = 550
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L' Calculation for 50 YR

L

7 [Right Embankment]

Equal Cqnveyance Tubes

e

Figure 8.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

The flow distribution table for cross section 168 was used to get an approximate value
for the L'. The column labeled "Flow" represents the volume of flow in each flow tube.
The flow significantly increases at station 1187.10; this station was used to measure
the left overbank. The L' for the left side would be the station at the toe of the left
abutment 1200.88 subtracted by 1187.10 found from the flow distribution tables.
Since the right overbank does not have a significantly wide L distance, L' for the right
overbank equals the legnth L. This judgement is based off of section 8.2.2 and Figure
8.4 in the HEC-18 Manual.
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100 YR Contraction Scour Calculation

1
where: Ve = Kuy1/6D1/3
Vc = Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)
vy = Average depth of flow upstream of the bridge, ft (m)
D = Particle size for Vc, ft (m)
D50 = Particle size in a mixture of which 50 percent are smaller, ft (m)
Ku = 6.19 Sl units
Ku = 11.17 English units

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will
exist. If the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the
critical velocity use the equation derived in the Appendix C.

From upstream cross section 168:

Hydraulic Depth (y1)= 6.49 ft Velocity Total (V) =  2.62 ft/s
1 Vc= 1.33 f/s using  0.200 mm Vc<V Live-Bed
2 Vc= 0.84 f/s using  0.050 mm Vc<V Live-Bed

Live-Bed Contraction Scour

Y2 _ (Q2v6/7 Wiyk,
1 (Ql) (Wz)

vl = Average depth in the upstream main channel, ft (m)
y2 = Average depth in the contracted section, ft (m)
yo = Existing depth in the contracted section before scour, ft (m)
Ql = Flow in the upstream channel transporting sediment, ft3/s (m3/s)
Q2 = Flow in the contracted channel, ft3/s (m3/s)
w1 = Bottom width of the upstream main channel that is transporting bed material, ft (m)
w2 = Bottom width of main channel in contracted section less pier width(s), ft (m)
k1 = Exponent determined below
V*¥/w k1 Mode of Bed Material Transport
<0.50 0.59 Mostly contact bed material discharge
0.50to 2.0 0.64 Some suspended bed material discharge
>2.0 0.69 Mostly suspended bed material discharge
Vv* = (90/A)% = (gyl S1)%, shear velocity in the upstream section, ft/s (m/s)
w = Fall velocity of bed material based on the D50, m/s (Figure 6.8)
For fall velocity in English units (ft/s) multiply w in m/s by 3.28
g = Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)
S1 = Slope of energy grade line of main channel, ft/ft (m/m)
Jo = Shear stress on the bed, (Ib/ft2) (Pa (N/m2))
A = Density of water (1.94 slugs/ft3) (1000 kg/m3)

Q.01
0.001
; £
2 : o
2 L : =
e 0.0001
0.01 S S S e 1+ 0.00001
Q.0M 0.01 0.1 1
@, m/s
Figure 6.8 from HEC-18
From upstream cross section 168:
Shear (90) = 0.28 Ib/sqft
Hydr. Depth (y1) = 6.49 ft
E.G. Slope (S1) = 0.0008
V* = (9o/A)% = (gy1 S1)¥:ft/s (m/s)
V*= 0.380 = 0.410
Using figure 6.8 @ T =20 °:
1 using 0.200 mm w = 0.028 m/s 0.092 ft/s
2 using 0.050 mm w = 0.003 m/s 0.010 ft/s
1 V¥/w = 4.5 k1= 0.69
2 V¥/w = 41.6 k1= 0.69
From upstream cross section 168: From bridge cross section 166:
Channel Flow (Q1)= 590.22 cfs Channel Flow (Q2) = 600.00 cfs
Hydr. Depth (y1) = 6.49 ft Top Width (W2) = 10.97 ft
Top Width (W1) = 34.67 ft Depth Before Scour (y0) = 9.38 ft
1 y2= 14.56 ft
2 y2= 14.56 ft
ys=y2-y0
*Reasonable Lower limit for D50 used for comparison
! yeT >18 w/0.20 mm ¥ (HEC-18 Mianual, Pg 6.2, Section 2.2.1, Paragraph 2)
2 ys= 5.18 ft w/ 0.05 mm iR B grap
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100 YR Abutment Scour Calculation

Cross Section Data for bridge cross section for LT

L= 185.03 ft Abutment Length L/y0 = 19.7 <25
y0= 9.38 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
Cross Section Data for bridge cross section for RT
L= 20.58 ft Abutment Length L/y0 = 2.2 <25
y0= 9.38 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
K1 = Coefficient for abutment shape (Table 8.1)
K2 = Coefficient for angle of embankment to flow
K2 = (6/90)0.13 (see Figure 8.5 for definition of 0)
0<90° if embankment points downstream
0>90° if embankment points upstream
L = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)
Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)
Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)*1/2))
Ve = Qe/Ae, ft/s (m/s)
Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)
ya = Average depth of flow on the floodplain (Ae/L), ft (m)
L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)
ys = Scour depth, ft (m)
y 1/ 0.43
= =227K,K,(—) Frb%6l 41
Ya Ya
Table 8.1. Abutment Shape Coefficients
Description K1
Vertical-wall abutment 1
Vertical-wall abutment with wing
0.82
walls
Spill-through abutment 0.55
LEFT RIGHT
K1= 0.82 ya= 1.03 ft K1= 0.82 ya= 1.78 ft
K2= 1.00 Fr= 0.05 K2= 1.00 Fr= 0.23
L= 185.03 ft Ve= 0.27 ft/s L= 20.58 ft Ve= 1.72 ft/s
L'= 13.78 ft Qe= 52.03 ft3/s L'= 13.78 ft Qe= 62.74 ft3/s
Ae= 189.68 ft2 Ae= 36.55 ft2
ys = 1.94 ft ys = 5.00 ft
Combined Scour Depths
Left Abutment Scour + Contraction Scour 712 ft
Right Abutment Scour + Contraction Scour 10.19 ft
NCHRP Live-Bed Scour Calculation
6 yl= 6.49  Hydr. Depth - Upstream Section
Ye= Y1 (&) 7 g2c=  30.00 Total Q at BR/width of BR
_ 11 ql= 17.02 Total Q at US XS / width of US XS yc= 10.55 ft
Ymax = ®XaYc
p = 1.23 ymax= 12,97 ft
Vs = Ymax — Yo yo= 9338 ys= 359 ft

D1 PDPDF5 (02/03/17)



Plan; Prop 3S Scour

| E.G. Elev (ft)

W.S. Elev (ft)
| Crit W.S. (ft)

 E.G. Slope (V)G |

| Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
| Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Fretn Loss (ft)
C & E Loss (ft)

100 VE. CPOSS

2 7b RS:168 Profile: Q100

858.97
0.11
858.86
853.69
0.000803
600.00 |
231.37
2,51 !
9.67 |
211784
13.78
849.19
1.08
0.02 |
0.01

Element

Wt. n-Val.

Reach Len. (ft)
Flow Area (sq ft)
Area (sq f)
Flow(cfs) (3
Top Width (ft) A/t
Avg. Vel. (ftis) Y
Hydr. Depth (1) Yy
Conwv. (cfs)

Wetted Per. (ft)

Shear (Ibisq fty Z&
Stream Power (Ib/ft s)

Cum Volume (acre-ft)

Cum SA (acres)

secTION [68%
LefOB|  Channel, Right OB|
0070, 0050,  0.070
1378, 1378 1378

959 | 22507, 444
16391 | 225.07 6.42
7.77 | 59022 2.01
18152 | 3467 1519
0.81 | 2.62 0.45
1.56 6.49 0.66
2742 208331 74
6.13 40.95 6.77 |
0.08 | 0.28 0.03 |
1367.34 0.00 | 0.00
16.11 742 0.01
12.01 1.27 0.03
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Plan: Prop 3S Scour

2 7b RS: 166

100 - P)c‘\&o)(b Ourpuy

Profile: Q100

Inside _BR us!

| E.G. US. (ft) 858.97 | Element Inside BR DS
| w.s. us. (ft) B 858.86 | E.G. Elev (ft) 85894 | 85862
Q Total (cfs) 600.00 | W.S. Elev (ft) | 858.77 | 858.44
| Q Bridge (cfs) | _QL 600.00 | Crit W.S. (ft) 852.43 | 852.35 |
Q Weir (cfs) i ' Max Chl Dpth (ft) }b-r{‘}——gﬂ— . 9.13
Weir Sta Lft (ft) - _|_Ve| Total (ft/s) 3.34 3.39
Weir Sta Rgt (ft) - Flow Area (sq ft) 179.79 | 176.75
}_W_eirﬂbmerg | Froude # Chl B 019 0.20
Weir Max Depth (ft) B _Specif Force (cu ft) 935.66 ~ 891.69
Min El Weir Flow (ft) 863.50 | Hydr Depth (ft) 16.39 - 13.65
Min ElI Prs (ft) 859.39 | W.P. Total (ft) 44.27 42.23
Delta EG (ft) 0.38_' Conv. Total (cfs) 1 13601.0 | 136426
Delta WS (ft) 0.44 Top Width (ft) W7 10.97 ' 12.95
_BR Open Area (sq ft) 184.26 | Frctn Loss (ft) 033| 003
BR Open Vel (ft/s) 3.39 | C & E Loss (ft) [ 0.00 0.00
Coef of Q | Shear Total (Ib/sq ft) 049 0.51
Br Sel Method Energy only :_I=ower Total (Ib/ft s) 887.00 |  840.02
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IL47 Outlet 7B Plan: Proposed Design 3-sided Scour 4/5/2016
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Plan: Prop 3S Scour 2 7b RS: 168 Profile: Q100

Pos | ESta __R@t Sta Flow Area W.P. | Percent Hydr i Veloci}y Shear | Power
(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (Ib/sq ft) [ (Ib/ft s)

1 LOB 1007.04 1037.05 0.00 7.05 25.34 0.00 0.28 0.00 0.01 0.00
2 LOB 1037.05 1067.06 0.00 22.35 30.01 0.00 0.74 0.00 0.04 0.00

3 |LoB 1067.06 1097.07 0.00 24.50 30.01 0.00 0.82 0.00 0.04 0.00

4 LOB 1097.07  [1127.08 0.00 26.40 30.12 0.00 0.88 0.00 0.04 0.00
5 LOB 1127.08  |1157.09 0.00 33.88 30.12 0.00| 1.13 0.00 0.06 0.00
6 LOB 1157.09 1187.10 0.00 40.14 30.01 0.00 1.34 0.00 0.07 0.00|
7 LOB 1187.10 1193.23 7.77| 9.59 6.13 1.29 1.56 0.81 0.08 0.06

8 Chan 1193.23 1194.96 4.14! 3.69 203 069 2,13 1.12 0.09 0.10
9 Chan 1194.96 1196.70 8.11_1__ 5.53 2.03 1.35 3.19 1.47 014 020
10 Chan [1196.70 1198.43 13.07 7.36 2.03 2.18 4.25| 1.78 0.18 0.32
11 Chan 1198.43 1200.16 18.94| 9.19 2.03| 3.16 5.30 2.06 0.23 0.47
12 Chan 1200.16 1201.90 26.07 10.89 1.92 4,34 6.28 2.39 0.28 0.68
13 Chan  .|1201.90 1203.63 28.50| 12.18 2.22| 4.75 7.02 2.34 0.27 0.64
14 Chan 1203.63 1205.37 | 40.40 14.58| 2.06 6.73 8.41 2.77 0.35 0.98
15 Chan 1205.37 1207.10 48.14 15,22 1.77| 8.02 8.78 3.18 0.43 1.37|
16 Chan 1207.10 1208.83 - 51.22 15,79 1.77| 8.54 9.11 3.24 0.45 1.45[
17 Chan 1208.83 1210.57 54.37|  16.37 1.76 | 9.06 9.44 3.32 0.46 1.511[
18 Chan 1210.57 1212.30 53.44 16.40 1.82 8.91 9.46 3.26 0.45 1.47
19 Chan 1212.30 1214.03 47.86 15.39 1.83| 7.98 8.88 3.11 0.42 1.31

20 Chan 1214.03 1215.77 43.01 14.39 1.82 7.7 8.30 2.99 0.40 1.19
21 Chan 1215.77 1217.50 38.66 13.48 1.81 6.44 7.78 2.87| 037, 107
22 Chan 1217.50 1219.23 30.26 1214 2.01 5.04| 7.00 2.49 0.30 0.75
23 Chan 1219.23 1220.97 23.27 10.37 2.01 3.88 5.98 2.24 0.26 058
24 Chan 1220.97 1222.70 ~20.16 9.08 1.79 3.36| 5.24 2.22 0.25 0.56
25 Chan 1222.70 1224.43 18.15 8.48 1.77 3.03 489 2.14 0.24 051

26 Chan 1224.43 1226.17 16.09 7.89 1.77 2.68 455 2.04 0.22 0.46
27 Chan 1226.17 1227.90 6.33 6.66 4.69 1.06 3.84| 0.95| 0.07 007
28 ROB 1227.90 1234.66 2.01 4.44| 6.77 0.34 0.66 0.45 0.03 0.01

29 ROB 1234.66 1247.93 0.00| 1.98 8.44 0.00 0.23] 0.00 0.01 0.00

lefy Qe’ 52-03che Rot Gt 62 ks

Lefr Ag: |60 6% §o
i Right A : 10 .55 4%"

100,98 — 119,10 = 3.4

—
ey
lW/

A e @
93 Gl . 1220-%C = 12,90

/p’ y
<
by
e
@

D1 PDPDF5 (02/03/17)



L' Calculation for 100 YR

L

Equal Cgnveyance Tubes
L

Figure 8.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

Cross section 168 just upstream of the bridge was used to examine the flow

distributions in the channel. The column labeled "Flow" represents the volume

of flow in each flow tube. The flow significantly increases between stations

1187.10 to 1200.88, therefore station 1187.10 was used to measure the L'

for the left overbank. The L' for the left side would be the station at the toe

of the left abutment 1200.88 subtracted by 1187.10 found from the flow

distribution tables. For the right overbank, stations 1234.66 to 1220.88 at the

abutment toe showed significant flow. The distance between them was used

as the L'. This judgement is based off of section 8.2.2 and Figure 8.4 in the HEC-18 Manual.
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200 YR Contraction Scour Calculation

where:
Vc =

D50 =
Ku =
Ku =

Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)
Average depth of flow upstream of the bridge, ft (m)

Particle size for Vc, ft (m)

Particle size in a mixture of which 50 percent are smaller, ft (m)

6.19 Sl units

11.17 English units

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will
exist. If the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the

critical velocity use the equation derived in the Appendix C.

From upstream cross section 168:

Hydraulic Depth (y1)= 7.19 ft Velocity Total (V)= 2.80 ft/s
1 Vc= 1.35 f/s using  0.200 mm Vc<V Live-Bed
2 Vc= 0.85 f/s using  0.050 mm Vc<V Live-Bed
Live-Bed Contraction Scour
Y2 = (£2y6/7 (L1yky
Y1 Q1 W,
vl = Average depth in the upstream main channel, ft (m)
y2 = Average depth in the contracted section, ft (m)
yo = Existing depth in the contracted section before scour, ft (m)
Ql = Flow in the upstream channel transporting sediment, ft3/s (m3/s)
Q2 = Flow in the contracted channel, ft3/s (m3/s)
w1 = Bottom width of the upstream main channel that is transporting bed material, ft (m)
w2 = Bottom width of main channel in contracted section less pier width(s), ft (m)
k1 = Exponent determined below
V*¥/w k1 Mode of Bed Material Transport
<0.50 0.59 Mostly contact bed material discharge
0.50to 2.0 0.64 Some suspended bed material discharge
>2.0 0.69 Mostly suspended bed material discharge
Vv* = (90/A)% = (gyl S1)%, shear velocity in the upstream section, ft/s (m/s)
w = Fall velocity of bed material based on the D50, m/s (Figure 6.8)
For fall velocity in English units (ft/s) multiply w in m/s by 3.28
g = Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)
S1 = Slope of energy grade line of main channel, ft/ft (m/m)
Jo = Shear stress on the bed, (Ib/ft2) (Pa (N/m2))
A = Density of water (1.94 slugs/ft3) (1000 kg/m3)

Q.01
0.001
=
% o
: , — 0.0001
0.01 T T 1 1 r 1 'I_; |4 ; T ] LI AL ¥ ] i T T 1T 173 O-mm1
Q.00 0.01 0.1 1
W, m/s
Figure 6.8 from HEC-18
From upstream cross section 168:
Shear (90) = 0.3 Ib/sqft
Hydr. Depth (y1) = 7.19 ft
E.G. Slope (S1) = 0.0008
V* = (9o/A)% = (gy1 S1)¥:ft/s (m/s)
V*= 0.393 = 0.430
Using figure 6.8 @ T =20 °:
1 using 0.200 mm w = 0.028 m/s 0.092 ft/s
2 using 0.050 mm w = 0.003 m/s 0.010 ft/s
1 V¥/w = 4.7 k1= 0.69
2 V¥/w = 43.7 k1= 0.69
From upstream cross section 168: From bridge cross section 166:
Channel Flow (Q1)= 698.87 cfs Channel Flow (Q2) = 720.00 cfs
Hydr. Depth (y1) = 7.19 ft Top Width (W2) = 20.00 ft
Top Width (W1) = 34.67 ft Depth Before Scour (y0) =  10.00 ft
1 y2= 10.78 ft
2 y2= 10.78 ft
ys=y2-y0
*Reasonable Lower limit for D50 used for
1 ys= 0.78 ft w/ 0.20 mm * comparison (HEC-18 Manual, Pg 6.2, Section 2.2.1,
2 ys= 0.78 ft w/ 0.05 mm Paragraph 2)
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200 YR Abutment Scour Calculation

Cross Section Data for bridge cross section for LT

L= 212.61 ft Abutment Length L/y0 = 21.3 <25
y0= 10.00 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
Cross Section Data for bridge cross section for RT
L= 30.50 ft Abutment Length L/y0 = 3.1 <25
y0= 10.00 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's
K1 = Coefficient for abutment shape (Table 8.1)
K2 = Coefficient for angle of embankment to flow
K2 = (6/90)0.13 (see Figure 8.5 for definition of 0)
0<90° if embankment points downstream
0>90° if embankment points upstream
L = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)
Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)
Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)*1/2))
Ve = Qe/Ae, ft/s (m/s)
Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)
ya = Average depth of flow on the floodplain (Ae/L), ft (m)
L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)
ys = Scour depth, ft (m)
y 1/ 0.43
= =227 K K,(=—)  Fr9%6t 41
Ya Ya
Table 8.1. Abutment Shape Coefficients
Description K1
Vertical-wall abutment 1
Vertical-wall abutment with wing 0.82
Spill-through abutment 0.55
LEFT RIGHT
K1= 0.82 ya= 1.57 ft K1= 0.82 ya= 1.86 ft
K2= 1.00 Fr= 0.03 K2= 1.00 Fr= 0.19
L= 212.61 ft Ve= 0.22 ft/s L= 30.50 ft Ve= 1.48 ft/s
L'= 13.78 ft Qe= 73.16 ft3/s L'= 13.78 ft Qe= 83.99 ft3/s
Ae= 333.15 ft2 Ae= 56.79 ft2
ys = 246 ft ys = 4.85 ft
Combined Scour Depths
Left Abutment Scour + Contraction Scour 3.24 ft
Right Abutment Scour + Contraction Scour 5.63 ft
NCHRP Live-Bed Scour Calculation
6 yl= 7.19  Hydr. Depth - Upstream Section
Ye = Y1 (&) ’ q2c= 30.00 Total Q at BR/width of BR
_ 11 ql= 20.16 Total Q at US XS / width of US XS yc= 10.11 ft
Ymax = XaYc
ap = 1.23 ymax= 1243 ft
Vs = Ymax — Yo y0= 10.00 ys=  2.43 ft
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200 ye. Flowd ~ CRosSs SecTioN 16X

Plan: Prop 35 Scour 2 7b RS: 168 Profile: Q200

| E.G. Elev (ft) | 859.68 | Element | LeROB  Channel  Right OB|
- Vel Head (ft t 0.12 | Wt. n-Val. 0.070 0.050 0.070 |
W.S.Elev(f) |  859.56  ReachLen.(ft | 1 1378, 1378
CritW.S. (ft) 854.33 | Flow Area (sq ft) | 1389 24941 9.18
| E.G. Slope (/) Sy | 0.000799 " Area (sa ft) | 30251 24941 2149
Q Total (cfs) 720.00 ' Flow (cfs} G , 1438 69887 6.75 |
| Top Width (ft) | 27590 Topwidth(f) Ly , 21346 3467 2777
Vel Total (Rs) | 264 | Avg.Vel. (fs) V) | 1.04 280 0.74
 Max ChiDpth (ft) | 10.37  Hydr.Depth (ft) Y} | 2.27 7.19 1.36 |
Conv.Total (cfs) | 25468.1 | Canw. (cfs) | 5086 247206 2389
LenghWid. () | 13.78 | Wetted Per. (ft) | 613 4095 6.77 |
MnChEIM) |  840.19 | Shear(bisa) 28 011 0.30 0.07 |
" Alpha ] 110 | Stream Power (bfts) | 1367.34 0.00 | 0.00 |
, Fretn Loss () | 0.02 Cum Volume (acre-ft) | 22.40 7.74 | 0.08 |
C&ELloss(ft) | 0.01 _Cum SA (acres) L 1499 128 0.31 |
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200 yr 'Erb%( O(&pu&

Plan: Prop 3S Scour 2 7b RS: 166 Profile: Q200 -

|E.G. US. (ft) 859.68 | Element Inside BRUS| _ Inside BR DS/

W.sSs.us. (fty 859.56_i' E.G. Elev (ft) 859.65 ~ 859.12 !

| Q Total (cfs) 720.00 | W.S. Elev (ft) 859.41 | 858.88 i

| QBridge (cfs) 720.00 | Crit W.S. (ft)  852.83 852.75 |
Q Weir (cfs) Max Chl Dpth (ft) 10.02 9.57

Weir StaLft(ft) Vel Total (ft/s) I 1 B B 3.96
Weir Sta Rt (ft) _Flow Area (sq ft) 184.26 181.65
Weir Submerg | Froude # Chl 022, 023

| Weir Max Depth (ft) - Specif Force (cu ft) 107813 | 995.69 = }0 .F_t
Min El Weir Flow (ft) 863.50 | Hydr Depth (ft) L 20.03 | HO
Min El Prs (ft) 859.39 | W.P. Total (ft) _ 5533 | _@AI 5 = lo.c-l-
Delta EG (ft) 0.61 | Conv. Total (cfs) 122108 |  13446.8
Delta WS (ft) 0.70 | Top Width (ft) | 907 () 0z 20 ]C /2
BR Open Area (sq ft) 184.26 | Frctn Loss (ft) ) 053] 004

BR Open Vel (ft/s) 3.96 | C&E Loss (ft) 000 0.01

| Coef of Q Shear Total (Ib/sq ft) 0.72 | 0.70 | 5K P('egsu(‘e ,C OLy
Br Sel Method Energy only | Power Total (Ib/ft s) - 88_37_.00_]_ - 849.02
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1% 260y Flow Distelouiton

Plan: Prop 3S Scour 2 7b RS: 168 Profile: Q200

| Pos i Left Sta | Right Sta Flow | Area ! W.P. Percent [ Hydr Velocity | Shear Power

I | [ @ () | (cfs) (safty | (i) Conv | Depth(ft) (fys) | (lbisqft) | (Ib/fts)

1 [LoB 977.03 1007.04 0.00 817,  27.27 0.00 0.30 0.00 0.01 0.00
2 LOB 1007.04  [1037.05 0.00 27.87| 30.02 0.00 0.93 0.00 0.05 0.00
3 LOB |1037.05  [1067.06 0.00 43.41 30.01 0.00 1.45 0.00 0.07| 0.0
4 LOB 11067.06  |1097.07 0.00 45.57 30.01 0.00| 1.52 0.00 0.08 0.00
5 LOB [1097.07 |1127.08 0.00 47.46 30.12 0.00 1.58 0.00 0.08 0.00
6 LoB 1127.08  |1157.09 0.00 54.94 30.12 0.00 1.83|  0.00 0.09 0.00
7 LOB 1157.09  [1187.10 0.00 61.20 30.01] 0.0 2.04 0.00 0.10 0.00|
8 LOB 1187.10  [1193.23 14.38)  13.89 6.13| 2.00 2.27 1.04 0.11] 0.12
9 Chan 119323 [1194.96 6.73 491 2.03 0.94 2.83 1.37 0.12 0.17
10 Chan [1194.96 [1196.70 11.43 6.74 2.03 1.59 3.89 1.69 0.17 0.28
11 Chan 1196.70  |1198.43 ~ 17.06 8.58 2.03 2.37 4,95 1.99 0.21 0.42
12 Chan 1198.43  |1200.16 23.56| 10.41] 2.03 327, 60 2.26 0.26| 0.58
13 Chan 1200.16  [1201.90 31.45 12.11 1.92 4.37 6.99 2.60 0.31 0.82
114 Chan 1201.80 [1203.63 33.78 13.39 2.22 469| 7.73 2.52 0.30 0.76
|15 Chan 1203.63  [1205.37 46.70 15.79 2.06 6.49 9.11 2.96 0.38 1.13
116 Chan 1205.37  [1207.10 55.35 16.43 1.77 7.69 9.48 3.37 0.46| 156
17 Chan 1207.10  |1208.83 58.62 17.01 1.77 8.14 9.81 3.45 0.48 1.66
18 Chan 1208.83  |1210.57 61.96 17.58 1.76| 8.61 10.14 3.52 0.50 1.75
19 Chan 1210.57  |[1212.30 60.89)  17.62 1.82] 8.46 10.16 3.46 0.48 1.67
20 Chan 1212.30  {1214.03 54.94 16.61| 1.83 7.63 1 9.58 3.31 0.45 1.50
21 Chan 1214.03  [1215.77 49.80 1561,  1.82 6.92 9.00 3.19] 0.43 1.37
22 Chan 1215.77  [1217.50 45.16 14.70| 1.81 6.27 8.48 3.07 0.40/ 1.24
23 Chan 1217.50 11219.23 35.89 13.35) 2.01 4.98 7.70 2.69 0.33 0.89
24 Chan 1219.23  |1220.97 28.32 11.58 2.01 3.93 668 2.44 029 070
25 Chan 1220.97 |1222.70 25.15 10.29, 1.79 3.49 5.94 2.44 0.29 0.70
26 Chan 1222.70  |1224.43 22.96| 9.70 177 319 5.59 2.37 0.27 0.65
27 Chan 1224.43  |1226.17 20.66, 9.10 1.77 2.87 5.25 2.27 0.26 0.58
28 Chan 1226.17  |1227.90 8.47 7.88 4,69 1.18 455 1.08 0.08 009
29 ROB 1227.90 |1234.66 6.75| 9.18 6.77 0.94 1.36 0.74 0.07 0.05
30 ROB 1234.66 1247.93 0.00[ 10.64 13.29 0.00 0.80 0.00L ) 0.04 Oﬂ
31 [RoOB 1247.93  [1261.20 0.00]_ 1.67 7.75 0.00| 0.22 0.00| 0.01 0.00

Left Qg : 3.6k Rigik Qe =~ 33.9cfs

lefr Ap: 223G ££° Ryt Re= 5679 fes

el LY 120D .25 — H%F.10 = 1F®

\ ¢ \ e o
p\\i)wr U U — 1D 3 = 1607
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Figure 8.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

Cross section 168 just upstream of the bridge was used to examine the flow
distributions in the channel. The column labeled "Flow" represents the volume

of flow in each flow tube. The flow significantly increases between stations
1187.10 to 1200.88 (the left abutment toe), therefore station 1187.10 was used
to measure the L' for the left overbank. For the right overbank, there is significant
flow from station 1234.66 to the right abutment toe at 1220.88. This

judgement is based off of section 8.2.2 and Figure 8.4 in the HEC-18 Manual.
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