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To: 

Kevin Cook, City of Flint 

Copies: 

Grant Trigger, RACER 

Brendan Mullen, RACER 

Chris Peters, Arcadis 

Micki Maki, PE, Arcadis 

Tony Maffeo, Arcadis 

From:  

Brian M. Stone, PE (NY)  

Date: Arcadis Project No.: 

June 7, 2024 30215500 

Subject:  

RACER Trust Buick City Site – Stormwater Evaluation of Outfall 011 
Reroute 

 

This memorandum documents an evaluation completed by Arcadis for the reroute of a portion of the City 

of Flint’s (the City’s) storm sewer system that currently drains to Outfall 011 (the 011 system) into a main 

leading to Outfall 013 (the 013 system). The reroute evaluated herein is proposed by the Revitalizing Auto 

Communities Environmental Response Trust (RACER) Buick City Site in Flint, Michigan (Site) to address 

PFAS impacts currently reaching the Flint River through the 011 system.  

The proposed reroute will sever the existing 011 system at the intersection of Hamilton and Industrial 

Avenues (Figure 1). The portion of the 011 system west of the intersection will be routed into the main of 

the 013 system, which runs north-south along Industrial Avenue and crosses beneath the 011 system at 

this intersection. The proposed reroute would be accomplished via the installation of a new manhole 

where the two systems intersect. Previous sampling of stormwater flows in the 011 system by Arcadis 

indicate that the portion of the 011 system east of the intersection is subject to infiltration by PFAS-

impacted groundwater flowing south from the Building 04 area on the Site, and this portion of the 011 

system along Hamilton Avenue will therefore be disconnected from the City’s storm sewer infrastructure. 

New storm sewer piping is proposed in Hamilton Avenue to provide street drainage between this 

intersection and the railroad crossing east of the intersection, which is a drainage divide along Hamilton 

Avenue. This new piping will drain back to the west to discharge into the 013 system via the proposed 

manhole at the point of the 011 reroute (Figure 2). The existing 011 system between Industrial Avenue 

and the railroad crossing would be bulkheaded at each end and all surface drainage to the 011 system in 
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this section terminated. An evaluation of converting that section of the 011 system into an interim short-

term groundwater collection system is under way. 

Evaluation Objective 

The evaluation presented herein evaluates the performance of the 013 system at the proposed reroute 

location and compares the existing performance with that anticipated following the proposed 011 sewer 

reroute. Based on experience with previous storm sewer system modifications within the City of Flint, it is 

understood that the City’s objective is to provide capacity to convey flows from the 10-year design storm 

(i.e., 3.27 inches of rain in a 24-hour period) if possible. This evaluation assesses whether the rerouted 

system can convey the flows from the 10-year, 24-hour design storm. 

Model Development and Calibration 

The 013 storm sewer system and contributing watershed are modeled using the United States 

Environmental Protection Agency’s (USEPA’s) Stormwater Management Model (SWMM), a public-domain 

software that has been in use for decades to model hydrologic processes within watersheds and the 

hydraulics of conveyance features such as open channels and storm sewers. SWMM has been used 

previously to evaluate modifications to the City’s other storm sewer systems that traverse the Site. 

Additionally, SWMM can perform both single rain event and continuous simulations, the latter being 

important in the present evaluation to calibrate the model with rainfall and flow measurement data 

collected for the reroute design.  

The model extends approximately 2,900 linear feet (LF) upstream of the proposed 011 reroute location to 

a manhole at Leith Street and downstream to Outfall 013 at the Flint River. The remainder of the 013 main 

as well as smaller pipes that feed into the main are not modeled although their flows are accounted for in 

the model. Consequently, the model used for this evaluation does not simulate upstream hydraulics that 

may occur and potentially reduce the flow rates to the main (e.g., inlet flow reductions due to grate 

capacities and/or clogging, ponding at individual inlets, bypass of ponded inlets, and pipe flow capacity 

restrictions). Under more intense rainfall, the modeled inflows to the main for this evaluation may 

overpredict real-world conditions.  

Existing Conditions Model 

Arcadis previously modeled the 013 system as part of other storm sewer modifications. The model 

developed for the previous assessment serves as the starting point for the present evaluation. The 013 

system model for existing conditions includes: 

 4 subcatchments (watersheds) representing the estimated total drainage area to the 013 system. 

 18 nodes (manholes). 

 18 conduits interconnecting the nodes and the outfall. Each conduit represents a pipe segment, 

with a total of 5,596 linear feet (LF) of pipe included. 

 1 outfall at the Flint River, which is typically submerged below the river water surface. For 

conservatism, the river stage is set to the 10-year flood stage (el. 709.7 ft). Lower river stages 

would exert less backwater on the 013 system and reduce the hydraulic grade line (HGL) in the 

system, allowing conveyance of greater flows and/or lower HGL in the system for the same flow. 

The 011 system itself is not modeled for this evaluation. Because the existing 011 system is considerably 

shallower (higher) than the existing 013 system where the two storm sewers cross, the proposed reroute 

results in a free outlet condition for the 011 system at the confluence with the 013 system and is deemed 
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less restrictive compared to existing conditions. Consequently, the reroute is not anticipated to reduce the 

capacity of the 011 system upstream of the reroute location. The 011 watershed at the proposed reroute 

location is modeled and included in the 013 proposed conditions model. 

The previously estimated watersheds to the 011 and 013 systems were validated/adjusted using rainfall 

and flow monitoring data collected between April 17 and May 30, 2024 by a subcontractor to Arcadis at 

the following three locations: 

 FM-01 installed in a manhole in Hamilton Avenue along the 011 system just east of the proposed 

reroute location. This manhole is “011MH-5” in the SWMM model. Flows exit from this manhole to 

the east via a 24-inch-diameter pipe. Flows at this location, combined with additional street 

drainage from Hamilton Avenue between the reroute location and the railroad crossing to the east 

represent the addition to the 013 system due to the proposed reroute. 

 FM-02 installed in a manhole in Industrial Avenue along the 013 system just north of the proposed 

reroute location. This manhole is “Node8” in the SWMM model. Flows exit from this manhole to 

the south via a 72-inch-diameter pipe. 

 FM-03 installed in a manhole in East Wood Street along the 013 system just upstream of the 013 

outfall. This manhole is “Node16” in the SWMM model. Flows exit from this manhole to the east-

southeast via a 78-inch-diameter pipe. 

Two rain gauges were established to record site-specific rainfall at 10 to 15-minute intervals (depending 

on conditions). During the flow monitoring period, a total of 5.65 inches of rainfall was measured at rain 

gauge RG1. (The second rain gauge [RG2] experienced random data dropout and was not used for this 

evaluation.) Plots of recorded rainfall (presented on a cumulative basis) and recorded flow rates at each of 

the three flow monitoring locations over the duration of the flow monitoring period are presented in 

Figures 3A, 3B, and 3C. 

The following three rain events were simulated in the SWMM model and compared to the measured flows 

in the 011 and 013 systems to calibrate the subcatchment parameters in the SWMM model: 

 0.58 inches recorded from 1:15am to 10:30am on May 3, 2024. 

 0.76 inches recorded from 4:20pm on May 26, 2024 to 9:20pm on May 27, 2024. 

 1.38 inches recorded from 1:50pm to 8:00pm on May 28, 2024. This rainfall produced both the 

most intense rainfall (inches per hour) and total rainfall (inches) of any event during the monitoring 

period. Portions of this event had rainfall intensities that approximately equal the 1-year storm. 

Model calibration consisted of: 

 Estimating base flow (if any) at each flow monitoring location. From the flow data, base flows of 

0.04 and 0.25 cubic feet per second (cfs), were determined for the 011 and 013 systems, 

respectively. 

 Adjusting subcatchment parameters to achieve agreement with recorded runoff volumes, which 

were computed as the product of flow and time over the duration of the storm-related flows. Base 

flows are subtracted from the recorded flows and the resulting storm-related volumes are 

compared to the model-predicted runoff volumes. 

 Adjusting subcatchment parameters to achieve agreement with recorded peak flow rates and 

overall hydrograph shape.  
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It is noted that it generally is not possible to calibrate a model to exactly duplicate recorded data, 

especially when there are multiple calibration events (the three rainfalls noted above). Instead, the 

objective of calibration is to achieve a best fit across the data set and the parameters of interest (runoff 

volumes, peak flow rates, and overall hydrograph shape). Because the May 28, 2004 rainfall was the most 

severe that occurred during the flow monitoring period, greater emphasis was placed on achieving 

agreement with that event.  

The calibrated subcatchment parameters are provided in Table 1. Also included in this table are the 

subcatchment parameters selected for 0.9 acres of street drainage from Hamilton Avenue east of the 

reroute location and extending to the drainage divide created by the railroad track crossing. Because this 

subcatchment is downstream of the FM-01 flow meter location, it was unable to be calibrated. However, it 

is a small area compared to the other subcatchments and, because it is street drainage, there are fewer 

uncertainties regarding runoff parameters. Under existing conditions, the calibrated SWMM model for the 

013 system includes a total watershed of 190.3 acres. 

Proposed Conditions Model 

Following calibration, Arcadis created a proposed conditions model for the 013 system reflective of the 

011 reroute. The proposed conditions model includes a new manhole at the crossing of the 011 and 013 

systems. The 011 watershed west of the new manhole will discharge into the 013 system at this location. 

The proposed conditions model includes the additional 0.9-acres of street drainage from Hamilton Avenue 

discussed above. This street drainage is currently conveyed by the 011 system but is downstream of the 

reroute location and therefore will be captured and conveyed back to the west to the 013 system by a run 

of new piping totaling approximately 570 LF in Hamilton Avenue. A preliminary layout for this new piping is 

depicted in Figure 2. 

Under proposed conditions, an additional 18.9 acres of watershed would be added to the 013 system, 

including 18.0 acres from the existing 011 system at the reroute location (“011-West” subcatchment in the 

SWMM model) and 0.9 acres from Hamilton Avenue east of the reroute location (“011-East” subcatchment 

in the SWMM model). With this additional acres, the proposed conditions SWMM model for the 013 

system includes a total watershed of 209.2 acres, which is a 10% increase relative to existing conditions. 

Note that the calibrated subcatchment properties presented in Table 1 are assumed to remain unchanged 

under proposed conditions. 

Model Results 

The existing conditions SWMM model indicates a peak flow rate of 150.1 cfs at the 013 outfall and that the 

013 system can convey the runoff from the 10-year, 24-hour storm with limited surcharging in 7 of the 

downstream most manholes. The degree of surcharging is predicted to be contained within the structures 

and not rise to grade (i.e., not create flooding), except for the last manhole before the outfall. It is noted 

that this manhole’s rim elevation is only 1.12 ft above the 10-year flood stage of the Flint River, meaning 

that without any flow in the 013 system, that structure is close to overtopping due to the river’s flood stage.  

The proposed conditions SWMM model indicates a peak flow rate of 166.5 cfs at the 013 outfall and that 

the majority of the 013 system can convey the runoff from the 10-year, 24-hour storm with the 011 reroute 

in place. The surcharging noted in the existing conditions model increase under proposed conditions due 

to the additional flow from the 011 reroute but are still predicted to be contained within the structures and 

not rise to grade, except for the last manhole before the outfall. This is the same manhole that exhibits 

very little freeboard (elevation difference between HGL and rim elevation) under existing conditions due to 

the rim elevation being close to the river’s assumed stage during the simulation. Adequate containment at 
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this last manhole would require raising the rim elevation 0.04 ft (1/2 inch). An adjustment this small is 

considered to be within the error range of the model.  

A summary of the predicted HGL and freeboard at the modeled drainage structures for the 013 system 

under existing and proposed (e.g., with the 011 reroute in place) conditions is provided in Table 2. As 

indicated in the table, the maximum predicted increase in HGL is 1.78 ft and occurs at “Node8” in the 

SWMM model, which is the first manhole upstream of the proposed reroute location. 

Conclusions 

The data indicates that the rerouting of the 011 system flow into the existing system will not negatively 

impact the existing 013 system. The additional flow from the rerouted portions of the 011 system can be 

conveyed without overtopping the manholes along the 013 system, with the exception of the downstream 

most manhole, the rim elevation of which is only slightly above the river’s 10-year flood stage. Based on 

this modeling and analysis conclusions, RACER proposes to move forward with design of the reroute of 

011 system into the 013 system. Construction drawings will be submitted to the City for review and 

approval prior to implementation.  
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Figure 3A: FM-01 Flows and Cumulative Rain,
Outfall 011 at Proposed Reroute Location
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Figure 3B: FM-02 Flows and Cumulative Rain,
Outfall 013 Upstream of Hamilton Ave
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Figure 3C: FM-03 Flows and Cumulative Rain,
Outfall 013 Downstream End
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Table 1 - SWMM Subcatchment Parameters 

Outlet (SWMM 

Node ID)
Area (ac) Width (ft) % Slope

% 

Impervious

Manning "n", 

Impervious

Manning "n", 

Pervious

Depression Storage, 

Impervious (in)

Depression Storage, 

Pervious (in)

1 013 Node1 117.0 50 1.0% 10% 0.024 0.24 0.15 0.30

5 013 Node8 31.0 50 1.0% 35% 0.024 0.24 0.15 0.30

12 013 Node12 21.3 2,000 1.0% 81% 0.01 0.09 0.05 0.20

15 013 Node15 21.0 2,000 1.0% 96% 0.01 0.09 0.05 0.20

011-West
011 (Existing)

013 (Proposed)

011MH-5 (Existing)

013-NewMH
18.0 250 0.3% 70% 0.015 0.24 0.05 0.10

011-East 013 (Proposed) 013-NewMH 0.9 800 1.0% 100% 0.015 0.24 0.05 0.10

Notes:

Subcatchment

SWMM Parameters
Receiving System 

(Outfall)

1. SWMM parameters shown reflect adjustments during model calibration, except for Subcatchment 011-East, which represents street drainage from Hamilton Avenue that is 

downstream of the flow monitoring equipment and is therefore uncalibrated.



Table 2 - Summary of Predicted Existing and Proposed Conditions During 10-Year, 24-Hour Storm

Peak HGL (ft) Min. Freeboard (ft) Peak HGL (ft) Min. Freeboard (ft)

Node1 740.57 724.98 15.59 724.98 15.59 0.00

Node2 740.06 723.68 16.38 723.68 16.38 0.00

Node3 741.18 722.48 18.70 722.48 18.70 0.00

Node4 742.57 720.65 21.92 720.65 21.92 0.00

Node5 738.61 718.84 19.77 718.82 19.79 -0.02

Node6 739.26 717.71 21.55 717.75 21.51 0.04

Node7 739.28 715.01 24.27 716.62 22.66 1.61

Node8 733.00 714.84 18.16 716.62 16.38 1.78

013_New-MH 734.20 716.61 17.59

Node9 734.84 714.71 20.13 716.42 18.42 1.71

Node10 734.00 714.70 19.30 716.28 17.72 1.58

Node11 735.08 714.60 20.48 716.05 19.03 1.45

Node19 734.14 714.57 19.57 715.90 18.24 1.33

Node12 729.38 714.50 14.88 715.80 13.58 1.30

Node13 731.65 714.14 17.51 715.32 16.33 1.18

Node14 725.41 713.81 11.60 714.84 10.57 1.03

Node15 722.75 713.50 9.25 714.34 8.41 0.84

Node16 718.68 712.19 6.49 712.73 5.95 0.54

Node17 710.88 710.69 0.19 710.88 0.00 0.19

011MH-5 733.65 733.65 0.00
013_New-MHA 729.91 725.60 4.31

Notes:

Predicted HGL 

Change (ft)

1. Conditions presented represent the peak during the 10-year, 24-hour storm, which produces 3.27 inches of rainfall. The peak HGL values do 

not necessarily occur at the same time along the system.

2. Nodes along the 013 main are presented in order beginning at the upstream end and proceeding downstream towards the outfall.

3. Certain nodes are nonexistent under existing or proposed conditions, and no HGLs are presented for those structures.

4. Node "011MH-5" is along the 011 system and downstream of the proposed reroute location. This structure will be eliminated as part of the 

proposed reroute.
5. Nodes "013_New-MH" and "013_New-MHA" are proposed to manage street drainage from Hamilton Avenue east of the reroute location.

SWMM Node
MH Rim El. 

(ft)

Existing Conditions Proposed Conditions
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