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Part II:  Pollutant Loading Analysis 
The Long-Term Hydrologic Impact Assessment (L-THIA) program was developed by Purdue 
University, and is available for use at no cost on the internet.viii  This program used land use and 
soil characteristics from the user along with thirty years of precipitation data to quantify the 
impact of land use on the quantity and quality of the receiving water.  This project used the web-
based version of L-THIA.  The advanced input option was used because it allowed for custom 
land use types, which was necessary to model the impact of the rain gardens.  In this way, the 
models could be defined and used to simulate potential future scenarios. 
 
The following assumptions were made for the L-THIA program: 

• The curve number used for the custom rain garden areas was determined by using a 
Composite CN with Connected Impervious Areas chart. 

• A rain garden was assumed to be in the land use category Meadow. 
• HD Residential land use assumed to be 1/4 acre lots. 

 
Electronic data sources were utilized to define model parameters for L-THIA (see EPA SWMM 
section).  Subcatchment parameters closely followed the EPA SWMM model.  Precipitation data 
for Saginaw County, Michigan was supplied by the L-THIA website; it contains the daily 
precipitation amounts from October 1, 1965 to September 30, 1997.  It was reviewed and 
determined to be acceptable for the study. 
 
Five different scenarios were run in the L-THIA program.  The impact of the rain gardens was 
modeled as a decrease in the percent impervious area for the land use type.  Table 3 shows the 
percent of impervious area for each scenario.  Rain gardens only apply to the areas that are ripe 
for redevelopment; thus, only areas identified as such were modeled under the custom rain 
garden land use category in the L-THIA program. 
 
 

Table 3:  Scenarios modeled in the L-THIA program 
Percent Impervious 

Land Use Current Future 1 Future 2 Future 3 Future 4 

HD Residential 45% 35% 25% 35% 25% 

Commercial 85% 85% 85% 70% 70% 

Industrial 72% 72% 72% 72% 72% 

Pavement 95% 95% 95% 95% 95% 
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4.  Results 
 
Part I:  Results of CSO Volume Analysis 
 
Existing Conditions and Model Verification 
Including the model of existing conditions, nine scenarios (i.e. and nine models) were developed 
in all.  The four precipitation events mentioned earlier were carried out on each of the nine 
models; a total of thirty-six (36) model runs were executed. 
 
Verification of the model was performed by comparing CSO volumes in the EPA SWMM model 
with actual system data provided by City of Saginaw WWTP.  Three known storm events were 
carried out with the existing conditions model of the CSO District.  Table 4 shows the results, 
after adjustments were made. 
 

                        Table 4:  EPA SWMM Calibration Results 
 Reported CSO Volume 

Event Model Actual 
October 4, 2006 3.37 MG 3.46 MG 
June 27, 2007 1.65 MG 2.17 MG 

August 17, 2008 1.45 MG 1.50 MG 
 
Caution should be taken in the model’s ability to project scenario results.  Despite calibration 
procedures, model results will vary from actual conditions due to spatial and time variation in 
weather patterns, conditions of the combined sewer system, and in the limited scope of the model 
structure.  A variety of scenarios were tested in order to compare LID performance under well 
defined parameters. 
 
 
EPA SWMM Scenario Analysis 
A summary of the scenario analysis is displayed in Table 5; a full set of results can be viewed in 
Appendix B.  CSO and runoff reduction vary between storm events since the total amount of 
precipitation and the intensity of the rainfall affect the CS system differently. 
 
The two scenarios with the greatest reduction in CSO volume include Scenarios 5 and 6.  These 
are based on the LID practices in Scenarios 3b and 4 (which make up the bulk of the reduction), 
only adding bio-swales to make 5 and 6.  Scenarios 3b and 4 utilize high density housing 
configurations combined with open space areas, which are used for stormwater storage.  The 
scenario which made the least improvements on average is #3a; this scenario actually increased 
the volume of overflow during storm events.  Scenarios 2a and 7 also made minor impacts to the 
system.  Results of each scenario are discussed below. 
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Table 5:  Summary of Scenario Results 
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Scenarios 2a and 3a 
All scenarios reduced the overflow amount, except for cases 2a and 3a.  Both portrayed full 
build-out conditions in the Fitzhugh CSO district with no LID practices implemented during 
development.  Redeveloped areas with ¼-acre and 1/8-acre parcels would likely mimic the past, 
since the Fitzhugh District probably contained a similar make-up during historical build-out 
conditions.  Since these scenarios added impervious area to the district and removed storage 
provided by empty lots and dense vegetation, the fact that some rain events cause a larger CSO 
event was not a surprise.  Scenario 2a averaged a slight decrease in CSO volume with respect to 
all four rain events.  Scenario 3a caused an increase in CSO volume when considering all 
precipitation events.  This described partial redevelopment of the district without incorporating 
any LID practices.  Despite the CSO program and infrastructure, a greater level of impervious 
area will create more CSO events and/or discharge volume.  Over a yearly average of varying 
rainfall events, these scenarios would most likely increase the amount and number of overflow 
events. 
 
Scenario 2b 
Scenario 2b used rain gardens at each new residential lot in the redevelopment.  This scenario 
was developed from the configuration of 2a.  The rain gardens were implemented with the 
hypothesis of providing storage capacity and facilitating a higher level of infiltration for runoff 
from the house.  This practice seemed to be effective in reducing CSO volume, given a 1 to 11% 
decrease between the four runoff events.  In the case of redevelopment in the Fitzhugh District, 
implementation of residential rain gardens would be an effective way to reduce CSOs by volume 
and number of events. 
 
The basic idea behind using rain gardens, and other LID practices, is to prevent all runoff from 
being routed to a stormwater drainage system.  Some community programs have been effective 
in educating and motivating local citizens to act on their own on issues related to stormwater.  
Downspout disconnection has been helpful in recorded cases.  Residents can easily store rainfall 
by routing gutter downspouts to a large barrel, cistern or specially placed landscaping.  In this 
way, many gallons of water can be saved for use in lawn and garden applications instead of 
overloading infrastructure and polluting local water bodies. 
 
Scenarios 3b and 4 
In addition to using rain gardens to handle runoff, Scenarios 3b and 4 utilized open space.  High 
density housing was used to provide the same or greater living capacity as Scenario 2b, while 
more community space was created.  Half of the redeveloped area consisted of housing, and the 
other half was green space.  The open space provided storage in these areas as well as potential 
locations for parks and other recreational investments.  Scenario 3b reduced CSO discharge 
between 3 - 20%; this is the largest reduction.  Scenario 4 resulted in a reduction of 4 to 19%.  
Since the two cases utilize the same LID planning method, this was proven to be an effective 
way to reduce overflows, as well as runoff in general. 
 
Scenarios 5 and 6 
As described previously, Scenarios 5 and 6 were extensions of cases 3b and 4.  Bio-swales were 
added to handle runoff from roads in redeveloped areas.  The bio-swales added storage capacity 
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and infiltration of runoff which would normally be routed directly to the storm sewer.  Scenario 
5 provided an additional 0.8 – 2.5% reduction (in addition to #2b).  Scenario 6 further reduced 
overflow events by 0.5 - 1%. 
 
As shown by this scenario, retrofitted bio-swales store and infiltrate runoff to reduce overflows.  
Excess storm water, which would otherwise be routed directly to the sewer, has more 
opportunity to infiltrate into the ground.  Another practice with similar goals includes pavement 
material which has pores and gaps (porous concrete or porous asphalt) which allows water to 
travel through the surface and into the ground. 
 
 
Scenarios 7 
Scenario 7 deviated from the LID in previous cases and was more difficult to compare.  LID was 
implemented in commercial areas through the use of bio-swales and vegetated roofing.  
Redevelopment was limited to subcatchment S3 and specific sites were chosen based on standard 
criteria for these practices.  In contrast with other scenarios, less Low Impact Development was 
implemented by area.  Despite this fact, it resulted in a 0.1 – 3.2% decrease in CSO volume. 
 
The potential for implementing vegetated roofing and bio-swales should be investigated further, 
especially in the event of new business investments in the city.  Commercial areas in the City of 
Saginaw make up a large portion of the impervious area in the form of buildings and pavement.  
Additional green space (e.g. bio-swales) in lieu of concrete can improve aesthetics, reduce costs, 
and of course, allow for the infiltration and storage of storm water.  As mentioned earlier, 
pervious pavement is another viable option.  Green roofs have been shown to provide other 
benefits in addition to CSO mitigation, such as a reduction in the costs of heating and cooling a 
facility.  The above options have the potential to be implemented in cases of new construction, 
redevelopment, or even for current establishments. 
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Part II:  Results of Pollutant Loading Analysis 
Pollutant runoff was studied in each scenario with respect to annual average rainfall data.  A 
summary of the results are shown in Tables 6 and 7.  The percent reduction in pollutant amounts 
was calculated by comparing the future scenarios with the current scenario.  The output from the 
L-THIA program was used to create tables and graphs, which describe pollutant contribution 
from each land use type.  The full set of information can be found in Appendix C. 
 
For the scenarios tested, the L-THIA program estimated a 5-11% reduction in the average annual 
nitrogen amount and a 9-17% reduction in average annual phosphorus amount.  Figures 8 and 9 
show the same results in a chart. 
 

 Table 6: Projected L-THIA Pollutant Reduction by Weight  
Discharged Pollutant by Weight 

Load Type Current Future 1 Future 2 Future 3 Future 4 
Runoff (ac-ft) 184.8 175.7 171.9 168.8 165.1 
Nitrogen (lbs) 825.0 779.0 760.0 754.0 735.0 
Phosphorus (lbs) 158.0 143.8 137.7 136.8 130.7 

 
 Table 7: Projected L-THIA Pollutant Reduction by Volume 

Pollutant Reduction by Percent 
Load Type Current Future 1 Future 2 Future 3 Future 4 
Runoff N/A 5.0% 7.0% 8.7% 10.7% 
Nitrogen N/A 5.6% 7.9% 8.6% 10.9% 
Phosphorus N/A 9.0% 12.9% 13.4% 17.3% 

 
Little explanation is required since it is a direct relationship; the more rain gardens implemented 
correlates with a greater reduction in pollutants in storm water runoff.  These results do provide a 
valuable estimate of the magnitude of impact rain gardens could make on water quality.  The 
Retention Treatment Basins are known to remove a significant percentage of nitrogen and 
phosphorus from reaching downstream water.  Even a 6% reduction due to rain gardens, a low 
projection by this model, would be an effective complement to CSO infrastructure.  This study 
omits other substances which may be retained by rain gardens or other LID practices.  These 
include eroded soils, oils and fuels from pavement surfaces, and yard waste debris. 
 
With respect to CSO Districts, these reductions mean preventing more of the pollutants from 
even reaching the storm sewer system.  Increasing the amount of pervious area, or implementing 
rain gardens and other LID structural practices infiltrates and stores these nutrients with the 
storm water.  An obvious benefit is a reduction of pollutants (i.e. nitrogen, phosphorus, as well as 
others) reaching downstream water bodies.  As discussed in the previous section with excess 
runoff volume, less of these chemicals would reach the wastewater treatment plant.  This means 
less effort in the treatment of wastewater.  The Saginaw Bay could also realize gains in 
recreational use. 
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Figure 7:  L-THIA Results for NPS Phosphorus 

 
 

 
 

Figure 8:  L-THIA Results for NPS Nitrogen 

L-THIA Output - NPS Pollutant: Nitrogen
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Other Implications for CSO systems 
A reduction in the amount of storm water runoff would have a direct affect on Combined Sewer 
Overflows.  It could also provide positive affects for the wastewater treatment plant.  Storm 
water dilutes sanitary flows; less runoff in the CS system would mean more concentrated 
sanitary flows, which are less expensive to treat.  Although it was not a primary goal of this 
study, LID implementation may also affect the peak flow rate during storm events, which could 
diminish backups at the WWTP. 
 
As discussed previously, LID can be an alternative to costly and intensive infrastructure 
additions to CS systems.  It may also increase the life span of the system by lowering average 
flows and mitigating loading on a system due to further development or build-out.  Further 
impacts may include cost savings at the Retention Treatment Basins in CSO Districts; fewer 
overflows mean less chemicals being used in RTB treatment, and a reduction in maintenance. 
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5. Conclusion 
Aging sewer systems in large cities and the push for environmental improvements reinforce the 
need for a solution to Combined Sewer Overflows.  While separation of existing combined sewer 
systems is very expensive there are alternatives to consider.  Mitigation through infrastructure is 
becoming a less attractive option due to its cost.  Low Impact Development can provide a 
decentralized source solution to urban storm water, as opposed to infrastructure, which attempts 
to control it downstream.  It can be implemented in older developed cities, or as part of 
construction in growing or redevelopment areas. 
 
The City of Saginaw has extensive potential for redevelopment, as well as the implementation of 
Low Impact Development practices.  The EPA SWMM scenario analysis of the Fitzhugh District 
estimated a potential decrease in CSO volume by as much as 20% (i.e. for 2- and 5-year storm 
events).  The BMP which resulted in the largest offset of CSO events included routing storm 
water to large, open areas with storage capacity.  Rain gardens were also effective in mitigating 
runoff from new residential developments.  Other noteworthy gains were made through bio-
swales, used for runoff from pavement surfaces, and green roofs in commercial districts. 
 
Investing in LID in the City of Saginaw would likely result in a decrease in costs for the city as a 
return for a moderate investment of time (i.e. reduced costs in WWTP operation, life of 
infrastructure, and RTB maintenance and materials).  In a situation where redevelopment will 
take place, these best management practices can be employed both in planning and structural 
improvements without upsetting progress or cost.  As opposed to installing new storm sewer and 
curb and gutter in redevelopment areas, some of this space could be retrofitted with rain gardens, 
and open green areas for recreation.  Societal and monetary benefits, in addition to advances to 
the CSO system, make these methods beneficial and desirable.   
 
In regard to future planning/development, construction and building ordinances, and 
improvements to the Combined Sewer Overflow system, the City of Saginaw should take into 
account various LID practices and goals.  Some states have seen the publication of technical 
guides on Low Impact Design/Development for communities and professionals to use.  Training 
for some City of Saginaw employees may be beneficial; reference to the LID guides is an 
alternative.  Some situations, such as design or implementation may warrant the services of a 
LID professional.  As shown in this study, such consideration has potential to be part of a 
comprehensive solution to meet environmental standards while contributing to aesthetics, and 
improving the overall health of the watershed. 
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