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Project Origin in Long-awaited
Funding for the Upgrade of the Brent
Spence Bridge

= Biden: We will build this project. Here is
the money.

= ODOT: We must get our stormwater to
the Ohio River.

= MSDGC: We have the pipe.
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President Joe Biden appeared in Cincinnati on Jan 4t
2023 to celebrate $1.6 billion federal investment in the
long-awaited upgrade of the Brent Spence Bridge
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Challenges to Sewer Conveyance between I-75
and MSD Infrastructure

= Coordination with ODOT's multiple phases of interstate
reconstruction.

= Railroads: Crossing two railroads (CSX and Norfolk Southern),
proximity to rail bridges and open cut in railyard.

= Narrow urban corridor, including buildings and multiple utilities in
close proximity to tunneling activities
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Challenges to MSDGC

Significant modifications to MSD's Sewer =l
System Required to Make ODOT Outfall w57 7
Work: >

= Convert existing massive outfall from

the river for stormwater i >
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Last Big Challenge: The Schedule

= Three phases of I-75 reconstruction relying on new MSD storm sewer to convey
highway runoff.

= ODOT wants construction complete ASAP

= Condensed MSD Schedule: August 2023 to January 2029
- Planning, Design, & Right-of-Way Acquisition: ~2.5 years
— Construction: ~3.5 years
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Flow Management Goals

Increase flow to MCWWTP

Reduce aggregated CSO overflows for CS0Os 430, 431, 666, 432, and 489.
— Typical Year runs

Hydraulic Grade Line (HGL)

— 10-Year Design Storm
= Less than 2 ftincrease compared to the existing condition

25-Year and 50-Year Design Storm runs for other purposes
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PCSWMM Model Calibration
= Calibrated the BSB sewershed modelin 2023

= Additional calibration along EBORI (CSO 431,
432 and 489) in 2024.

= MSDGC's Modeling Guidelines

- https://msdgc.org/sites/default/assets/downloads/doing_business/
capital_project_resource_library/Modeling/Modeling_Guidelines_R
ev5-1_November_2023.pdf

= Developed project alternative models.
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Use CFD Modeling to Improve SWMM Results for La}rge 10
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= Typical model calibration are based on '
small/ medium storms and rarely contains
large event.

= Balance various storm sizes instead of
focusing on the largest storm.

* CFD modeling was necessary to understand
the physical geometry and associated
losses at the key junctions/diversion
structures.

= Based on the 10-year design storm.

-Yea
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Many Massive Hydraulically
Challenging Structures
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Existing Condition

Proposed Condition

Remove cinder Install diversion

blocks

Partially remove
bulkhead

Remove tide gate.
Modify weir and
channel

weir

Install

permanent

bulkhead. Add
DUC structure.
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SWMM Model Near o 12" Sewer-
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CS0O 666

Existing Condition Proposed Condition

Remove cinder Install diversion
blocks

14 ©Jacobs 2024



Bulkhead

Existing Condition Proposed Condition

- >

Partially remove
bulkhead
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EBORI Project Modeling Tree

1€

Incorporate C50 436, 438 and
439 calibration from 11142750
BSE Calibration using 2015-2017

Clipped Exisiting
condition 10-year
model

Clipped Exisiting condition 10-year model with CFD 3k
compared to the associated Alternatives)

data into the vaulted model

y)

Wi MC_Exist202202_TY.inp {Vaulted model)

AL MC_Exist202202 BSB-Cal_full_TY D6292022.1p

B: MC_Exist_202202_EBORIE-Cal_09282023_T¥.zip

C:MIC_Exist 202202 ERORIE-BSL_D9282023_TY.zip

D MC_Exist_202202_EBORIE-Clip_Baseline_PreCFD_10032023_TY.zip
E:MC_Exist_202202 EBORIE-Clip_Baseling_PreCFD_10022023_10yrDS.zip
F: MC_Exist_202202_EBORIE-Clip_Baseline_PreCFD_10022023_25yrDS.2ip

6: MC_CS0430-431_202202_EBORIE-Clip_Alt1_PreCFD_11012023_TY.zip

EBORIE o

H: MIC_CS0430-431_202202_FRORIE-Clip_AItZA_PreCFD_11012023_TY [2Models).zip
I MIC_CSO430-431_2022012_EBORIE-Clip_AIt2B_PreCFD_11012023_TY (2Models).zip

J: MC_CS0430-431_202202_FRORIE-Clip_Alt:_PreCFD_11012023_TY.zip

K: MC_CS0430-431_202202_FRORIE-Clip_Alt1_wCFD_11012023_10ywDS.zip

L: ME_CSO430-431_ 202202 EBORIE-Clip_AI2A wCFD 11012023 10yrDS (2Models).zip
M: MC_CS0430-431_202202_ERORIE-Clip_AItZE_wCFD_11012023_10wDS (2Models).zip

N: MEC_CSO430-431_202202 EBORIE-Clip AIt3 wCFD_ 11012023 10yrDS.zip

0 MC_CSO-432-4B9ALT1A 202804 202202 10yr24hrSCSI_26102023.zip
P: MC_CSO-432-489ALT1E_202804_202202 _10yr24hrSCSI_10102023.zip
1 MC_CSO-432-4B9ALT2 20280 202202 10yr24hrSCSI_261020323.2ip
Rz MC_CSO-432-48001T1A_2028004_202202_25y24hrSCSI_26102023.11p
§:MC_CSO-432-4B9ALTIE 202804 202202 2S5y 24hrSCSIL_10102023.2ip
T MC_CSO-432-4BDALT2_2028004_202202_25yT240rSCSI_25102023.2ip

U:MC_Exist_202202_FBORIE-Clip_Existing_PreCFD_1002023_10yrD5.zip
W:MC_Exist_ 202202 EBORIE-Clip_Existing wCFD_1019023_10yeDS.zip

W:MC_Exist_2022012 EBORIE-Clip_30pct_Design wCFD_04162024_10yrDS.2ip
W MIC_Exist_2022012_EBORIE-Clip_30pct_Design_PreCFD_D4162024_TY.zip

¥iMC_Exist_202202_EBORIE-Clip_60pcntDesign_wCFD_10yrDS_20240802.2ip
7:MC_Exist_2022012 EBORIE-Clip_60pcntDesign_PreCFD_ 20240805 TY.zip

[submitted under Madel Archive) Add baseline projects CS0430/431 Diversion
(previously included in BSB Clipped 10-year Baseline model Alternatives — 10-year
l !:f::-p“ﬂ:tf;sﬂ?md FHORE Coordination Baseline of EBORIE Project area maodel with CFD
VM A — i B hodel) that are related to | C " E adjustment

Clipped 25-year
Baseline model
of EBORI

roject area

C50432/489 Separation
Alternatives — 10-year model

C50432 /489 Separation

o L

Alternatives — 25-year model

¥

Clipped TY Baseline model
of EBORIE
Project area

R,S,T

CS0430/431 Diversion
Alternatives = TY model wihout CFD
adjustment

L 4

GH,lJ

EBORI 306 design
maodel 10-year
storm with CFD
adj

EBORI 30% design

EBORI 60% design
mdel 10-year
storm with CFD
adjustment

EBORI 80% design
micdel TY storm

model TY storm !
without CED without CFD
adjustment adjustment

Models/Analysis Incorporating CFD Results




CFD Hydraulic Head Results Near CSO 666

CSO 666

Water.Hydraulic Head [ft]
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CFD Hydraulic Head Results Near CSOs 430 and 431

Upper portion of the L
McLean Avenue Sewer.
. -l

(Existing overflow pipes 7 G——
for CS0430/431)

CSO
431/430
underflow

CSO 431

Water.Hydraulic Head [ft
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CFD Hydraulic Head Results Near DUC

Upper portion of the McLean
Avenue Sewer (Existing overflow
pipes for C50430/431)
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Q¢ QR P AR A2 N 62 N P O W\
RO G SO R

Install - " .
permanent :
bulkhead. Water.Hydraulic Head [ft]
Add DUC
structure.
EBORI
Interceptor
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Match SWMM Results with CFD

= Clip the SWMM models to match the
domain of the CFD models.

= Apply the same inflows/ boundary levels.

Adjust minor/roughness coefficients to
match the HGL/ flow splits at each
junction.

= The results match reasonably well.

20




Model Updates Per CFD Results

“ Parameter Original Value Modified Value Model Condition

Weir Overtop@29214038-29214038A Coefficient Existing Condition
Weir Weir@29214038-29214038A Coefficient Existing Condition
Orifice ORIFICE@29306009B-29306009 Coefficient All Scenarios
Orifice  Orifice@29211019-CS0-430-29211019A Coefficient All Scenarios
Weir 29211019-CSO-430_Weir Coefficient All Scenarios
Weir WEIRT17@29214019-29214019A Coefficient All Scenarios
Conduit 29211032-29211038 Manning's All Scenarios
Conduit 29211038-29211037 Manning's All Scenarios
Conduit 29306028-29306004_1 Manning's All Scenarios
Orifice 430-431_DUC Coefficient Proposed Condition

Weir Weir@29306028-29306028A Coefficient Proposed Condition.




Peak HGL Comparison Between SWMM and CFD for Existing Condition

SWMM Peak HGL (ft)
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Peak HGL Comparison between SWMM and CFD for Proposed Condition

SWMM Peak HGL (ft)
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Model Results Comparison
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HGL Impact after CFD Results Incorporation — Existing Condition

Existing_PreCFD

Existing_MatchCFD Peak values
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HGL Impact after CFD Results Incorporation — 60% Design

60%Design_PreCFD

60%Design_MatchCFD Peak values
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HGL Impact after CFD Results Incorporation

MC_Exist_2022Q2 EBORIE-Clip_Existing_PreCFD_1002023_10yrDS Peak values
MC_Exist_2022Q2_EBORIE-Clip_Baseline_wCFD_10272023_10yrDS
MC_Exist 2022Q2 EBORIE-Clip_Baseline_ PreCFD_ 10022023 10yrDS
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Modeling and Design Progression

Model Progression

Interim Updated
Baseline Alternatives
Model Modeling

Interim

Calibration

*» Subcatchments

adjusted CFD Modelin
: g
Debris added to of McLean Ave Sewer (Based

McLean Ave

Sewer on 10-Year Peak Flow)
+ Calibrate to ] oy |

additional osses at key Junctions

meters refined for 10-year event

Resulted in increase in
surcharge in modeled

& T:. .
McLean Ave Sewer A,
Adjustments to alternatives |
required
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Summary and Conclusions

For hydraulically complex structures, the head loss responses for small to medium
storms are generally different than large storms with severe surcharge conditions.

Typical model calibration are based on small/ medium storms and rarely contains large
event.

Calibration typically balance various storm sizes instead of focusing on the largest storm.

The calibrated coefficients are recommended for typical year model run for CS0O volumes
performance, so the results are not skewed towards larger event.

For HGL impact for large storms (>= 10-year), the CFD-derived coefficients are
recommended, so the HGL results are not skewed towards smaller events with lower
HGLs.

The proposed design condition can significantly change the junction/diversion structures
that the existing calibration parameters may no longer apply. Then CFD modeling can
ensure more reasonable estimation of the HGL.

©Jacobs 2024



Next Step

= Perform CFD simulations for smaller design storm events.
— 6-month, 1-year, 2-year and 5-year

= Develop coefficient sets for these smaller events for SWMM.

= Develop a strategy to incorporate the coefficient sets into the system wide SWMM
model.

— Coefficient from Calibration
— Design storms ranging from 6-month to 10-year
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Thank you
Questions?

Suibing.liu@jacobs.com
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