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

President Joe Biden appeared in Cincinnati on Jan 4th, 
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
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▪ 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

MSD’s Pipe

Connection
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Challenges to MSDGC
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Significant modifications to MSD’s Sewer 
System Required to Make ODOT Outfall 
Work:

▪ Convert existing massive outfall from 
the river for stormwater

▪ Sever the auxiliary outfall from the 
upstream system

▪ Connect the upstream system to an 
overloaded interceptor

▪ Build several massive diversion 
structures in the upstream system

▪ AND DON’T FLOOD ANYBODY
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Last Big Challenge: The Schedule

6

▪ 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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Overview of EBORI Extension Project

1. Launch shaft

2. 9-ft Tunneled Storm Sewer

3. Receiving Shaft

4. New sewer structure

5. Modifications to McLean Avenue Sewer

6. Sewer separation

Convert to 
Stormwater 
Pipe

CSO431

CSO430

CSO432

CSO489

CSO666
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Flow Management Goals
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▪ Increase flow to MCWWTP

▪ Reduce aggregated CSO overflows for CSOs 430, 431, 666, 432, and 489. 
− Typical Year runs

▪ Hydraulic Grade Line (HGL)
− 10-Year Design Storm

▪ Less than 2 ft increase compared to the existing condition

▪ 25-Year and 50-Year Design Storm runs for other purposes
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PCSWMM Model Calibration
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▪ Calibrated the BSB sewershed model in 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 Large 10-Year Storm
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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.

Many Massive Hydraulically Challenging Structures



©Jacobs 202411

Many Massive Hydraulically 
Challenging Structures
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Existing Condition
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Remove tide gate. 
Modify weir and 

channel

Install diversion 
weir

Remove cinder 
blocks

Partial removal 
of bulkhead

Partially remove 
bulkhead

Install 
permanent 

bulkhead. Add 
DUC structure.

Remove tide gate. 
Modify weir and 

channel

Proposed Condition
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10’x11’ Arch 
Sewer (Length = 

52.93’)
U/S Inv = 
464.52

D/S Inv = 
460.91

11’ Semi-elliptical 
Sewer (Length = 

188.33’)
U/S Inv = 460.67
D/S Inv = 459.13

12’ Sewer- 
Custom Shape 

(Length = 
80.08’)

U/S Inv = 
460.91 D/S Inv 

= 460.82

12’ Sewer- 
Custom Shape 

(Length = 
55.48’)

U/S Inv = 
460.96 D/S Inv 

= 460.91

12’ Sewer- 
Custom Shape 

(Length = 80.0’)
U/S Inv = 460.82 

D/S Inv = 
460.738

SWMM Model Near 
CSO666 CSO 666

Bulkhead

McLean 
Avenue 
Sewer
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Existing Condition
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Install diversion 
weir

Remove cinder 
blocks

Proposed Condition

CSO 666
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Existing Condition
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Proposed Condition

Bulkhead

Partially remove 
bulkhead

Partially remove 
bulkhead



©Jacobs 2024

EBORI Project Modeling Tree

16 Models/Analysis Incorporating CFD Results
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CFD Hydraulic Head Results Near CSO 666
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Upper portion of the 
McLean Avenue Sewer

CSO 666



©Jacobs 2024

CFD Hydraulic Head Results Near CSOs 430 and 431
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Upper portion of the 
McLean Avenue Sewer.
(Existing overflow pipes 

for CSO430/431)

CSO 431

CSO 430

CSO 
431/430 
underflow
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CFD Hydraulic Head Results Near DUC
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Add DUC 
structure.

Install 
permanent 
bulkhead.

EBORI 
Interceptor

Upper portion of the McLean 
Avenue Sewer (Existing overflow 

pipes for CSO430/431) CSO 430
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Match SWMM Results with CFD
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▪ 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.
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Model Updates Per CFD Results 

21

Type ID Parameter Original Value Modified Value Model Condition

Weir Overtop@29214038-29214038A Coefficient 3.33 2.5 Existing Condition

Weir Weir@29214038-29214038A Coefficient 2.5 3 Existing Condition

Orifice ORIFICE@29306009B-29306009 Coefficient 0.85 1 All Scenarios

Orifice Orifice@29211019-CSO-430-29211019A Coefficient 1 0.5 All Scenarios

Weir 29211019-CSO-430_Weir Coefficient 3.33 4 All Scenarios

Weir WEIR117@29214019-29214019A Coefficient 4 2.5 All Scenarios

Conduit 29211032-29211038 Manning’s 0.02 0.015 All Scenarios

Conduit 29211038-29211037 Manning’s 0.02 0.015 All Scenarios

Conduit 29306028-29306004_1 Manning’s 0.015 0.013 All Scenarios

Orifice 430-431_DUC Coefficient 0.65 0.5 Proposed Condition

Weir Weir@29306028-29306028A Coefficient 4 2.5
Proposed Condition
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Peak HGL Comparison Between SWMM and CFD for Existing Condition
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Peak HGL Comparison between SWMM and CFD for Proposed Condition

23



©Jacobs 2024

HGL Impact after CFD Results Incorporation – Existing Condition
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HGL Impact after CFD Results Incorporation – 60% Design
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HGL Impact after CFD Results Incorporation
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Modeling and Design Progression
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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 CSO 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.

28
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Next Step
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▪ 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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▪ Xueyao Yang and Kyle Van Dyk for SWMM modeling

▪ Shin Miyawaki and Kevin Nielsen for CFD modeling
− ANSYS CFX, version 19.2.

− Flow domain uses inhomogeneous, volume of fluid (VOF) approach.

− Turbulence uses the Shear Stress Transport (SST) model.
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