
Memo 
Date: Thursday, May 31, 2018 

Project: Stormwater Master Plan Update 

To: Sandy Pumphrey / City of Cedar Rapids 

From: Mike Schubert PE, Anthony Vecchi EIT, Mike Butterfield PE / HDR  

Subject: Water Quality Volume– Implications in the Kenwood Watershed  

Introduction 
The City of Cedar Rapids asked HDR to evaluate the benefits to flooding that result from storing 

and treating the first 1.25 inches of rainfall in the Kenwood watershed. The Kenwood 

stormwater model was used to simulate a 1-hour 1.25” rainfall event. The results from this event 

were used to estimate runoff without stormwater best management practices (BMPs). These 

results can be used to determine the order of magnitude flooding benefit that storing and 

treating the first 1.25” of rainfall would have in the Kenwood watershed and downstream at the 

Cedar River Flood Control System (CRFCS) at Cedar Lake. 

Investigation 

Simulations 

The City’s Kenwood watershed stormwater model was used for this evaluation. The model was 

developed using InfoWorks ICM. This 1D/2D coupled hydrologic and hydraulic model cover a 

3,100 acre area and has 379 subcatchments. More information on model development can 

found in TM 3.2 of the City’s Stormwater Master Plan. The rainfall hyetograph applied to the 

model is shown in Figure 1. This rainfall, which is approximately equivalent to a 1-year, 1-hour 

duration event, was used to represent the 1.25” rainfall volume the stormwater BMPs would be 

designed to store and treat. 



 

Figure 1: 1.25", 1-hour rainfall hyetograph 

Additional simulations of the 5-year and 100-year rainfall events were completed, with an initial 

runoff abstraction set to 1.25” to evaluate the proportional reduction in flood runoff. This would 

approximate the watershed response to capturing the water quality volume throughout the 

watershed. 

Results 

1 YEAR 1 HOUR EVENT 

Model results indicate that among the modeled subcatchments, most on average yield 0.75”-

1.00” of runoff from a 1.25” 1-hour event. Some subcatchments with higher-density residential, 

industrial, and commercial land use areas yield between 1.00” and 1.25” of runoff. Some 

subcatchments with significant open-space land use areas, such as golf courses and parks, 

yield less than 0.75” of runoff. Spatial variation of the runoff from this event is shown in the 

attached map (Exhibit A). 

Overall, the 1.25” event yields 255 acre-feet of runoff from the Kenwood watershed. Of this total, 

about 21 acre-feet falls directly onto Cedar Lake. Therefore, the model indicates that there 

would need to be stormwater BMPS with equivalent to approximately 234 acre-feet of capacity 

to treat the water quality volume within the Kenwood watershed. 



5- YEAR EVENT 

The 5-year event results with the baseline (existing land use) model and the 1.25” initial 

abstraction condition were compared. The total runoff for existing land use in the Kenwood 

watershed during a 5 year event is about 850 acre-feet.  Assuming the water quality volume is 

stored throughout the watershed, the total runoff is decreased to about 610 acre-feet. Flow 

hydrographs for water flowing into Cedar Lake were also compared. The peak flow into Cedar 

Lake dropped from 2,640 cfs to 2,360 cfs. The 5-year Cedar Lake inflow hydrographs are 

compared below. 

 

The 1.25” initial abstraction resulted in a substantial improvement to some of the localized 

flooding seen in the Kenwood watershed as shown in Exhibit B. Peak street flow on Grande 

Avenue SE was reduced from 490 cfs in the baseline case to 112 cfs in the completely-stored 

water quality volume case. Surface flooding at and around 2nd Avenue SE was also greatly 

reduced. 

100- YEAR EVENT 

The 100-year event results with the existing land use model and the 1.25” initial abstraction 

condition were compared. The total runoff for existing land use in the Kenwood watershed 

during a 100-year event is 1,710 acre-feet. Assuming the water quality volume is stored 

throughout the watershed, this total runoff is decreased to 1,470 acre-feet. Flow hydrographs for 

water flowing into Cedar Lake were also compared. The peak flow into Cedar Lake does have a 

slight increase. Capturing the water quality volume reduces the elevation in Cedar Lake. 

Therefore, the tailwater is lower at the lake entrance and the peak flow is 30 cfs (about 1%) 

higher. However, given the wide distribution in the watershed of Hydrologic Soil Group Type C 



and Type D soils with low infiltration rates, in practice many of the BMPs would store most of the 

WQv and slowly release the volume well down on the receding limbs of the hydrographs. BMPs 

on those soil types would reduce the peak flow rates with minimum reduction to the cumulative 

volume. The 100-year Cedar Lake inflow hydrographs are compared below. 

 

The 1.25” initial abstraction resulted in some minor improvements to some of the localized 

flooding seen in the Kenwood watershed as shown in Exhibit C. On Grande Avenue SE, street 

flow for the 100-year event was reduced from 1,304 cfs in the baseline model to 1,187 cfs in the 

model with the completely-stored water quality volume case. Flooded volumes between A 

Avenue NE and B Avenue NE bounded by 16th Street NE and 15th Street NE were reduced from 

28 acre-feet to 26 acre-feet. 

Discussion 
Storm water BMPs are known to reduce rainfall runoff volume. When designed to capture the 

water quality volume (or the first 1.25”), they have flooding and water quality benefits for more 

common events. However, BMPs are not designed to reduce peak flows for major, high-

intensity rainfall events. The model results were used to evaluate the cumulative effect of storing 

the first 1.25” throughout the watershed. Results show that there is some peak flow reduction 

during the five-year event, but very little for the 100-year event. Capturing and treating the water 



quality volume could improve water quality in Cedar Lake, reduce flooding in the watershed, and 

reduce the required stormwater pump station capacity in Cedar Lake. 

Areas with substantial deficiencies in storm sewer capacity would still likely experience 

surcharging and flooding. Storm sewers are evaluated for capacity deficiency using the peak 

flow from the 5-year nested rainfall event. The peak flows in the 5-year nested rainfall simulation 

are reduced by about 12%. Completely eliminating the storm sewer capacity deficiency would 

require either storing more water upstream or increasing the capacity of the storm sewer. 

Capturing the water quality volume could reduce the magnitude of these improvements. 

 


