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Abstract  

Nonpoint source pollution is a major concern for the health of the water bodies 
throughout the US. By modeling the impact institutions are having on these water bodies due to 
runoff we can better identify where pollution is coming from and how to eliminate it. This project 
aims to create and calibrate a model for how Swarthmore College is altering the Crum Creek 
Watershed using the WikiWatershed Model My Watershed Web App and monitored rain event 
data. From this analysis we can propose ways for the college to implement runoff prevention 
practices, like green infrastructure, and display how new on campus construction could alter the 
impact on the Crum Creek.The WikiWatershed hydrologic models show that the Sharples 
Expansion project does not negatively impact runoff and water quality. This is due to the scale 
of the expansion project and the installation of a green roof on the existing Sharples building. 
Yet, further analysis of the inclusion of the green roof in the Sharples Expansion project 
indicates the green roof has minimum impacts on runoff and water quality. The green 
infrastructure models indicated that porous paving is the best green infrastructure solution in 
reducing runoff and improving water quality for both site storm modeling and multi-year 
modeling. Rain gardens and vegetation basins also offer a decent impact for a low cost.  
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I. Introduction 

Nonpoint source pollution is currently the leading cause of water pollution in the US.  1

According to the EPA, approximately half of the rivers and streams in the United States are 
polluted to the point that they are unsafe for drinking, fishing, and swimming.1 Due to the fact 
that unsafe water causes illness to approximately 1 billion people every year and it threatens the 
lives of aquatic species through high nutrient levels and toxins, the current state of water 
pollution in the world should be a concern to the whole population. This nonpoint source 
pollution is often caused by runoff from nearby residences and institutions that contribute to the 
nutrients, toxins, and sediment entering the water bodies. Since it is so difficult to pinpoint where 
this pollution is coming from, the threats to the water bodies are oftentimes not eliminated.  

The Clean Water Act introduced in 1972, and amended many times thereafter, had the 
intent of holding institutions accountable for the pollution they are contributing to our water 
bodies. For point source pollution it is easy to identify what company or institution is contributing 
to the pollution of a water body so the contributions can be restricted. For nonpoint sources it is 
difficult to identify a culprit so the EPA, who enforces the Clean Water Act, can’t fully regulate 
these sources. This is why it is so important for institutions to take responsibility for the harm 
they are causing to water bodies. Taking initiatives like analyzing how your institution is altering 
its watershed and taking steps to reduce pollution are the only way to truly protect the water 
bodies in the United States.  

 
Green Infrastructure Background 

 
Stormwater management practices were developed out of the Clean Water Act with the 

purpose to reduce runoff and improve water quality of water bodies. One of the stormwater 
management practices that our project focuses on is green infrastructure. According to the 
Clean Water act, green infrastructure is defined as “the range of measures that use plant or soil 
systems, permeable pavement or other permeable surfaces or substrates, stormwater harvest 
and reuse, or landscaping to store, infiltrate, or evapotranspirate stormwater and reduce flows to 
sewer systems or to surface waters.”  Green infrastructure offers a cost-effective solution to 2

reduce and treat stormwater runoff by increasing the infiltration of the area. This is done by 
using vegetation, soils, and other permeable materials to restore natural infiltration processes 
and store stormwater. 

1 Denchak, Melissa. “Water Pollution: Everything You Need to Know.” NRDC, 20 Apr. 2020, 
www.nrdc.org/stories/water-pollution-everything-you-need-know#effects. 
2 “What Is Green Infrastructure?” EPA, Environmental Protection Agency, 4 Dec. 2019, 
www.epa.gov/green-infrastructure/what-green-infrastructure. 

 

http://www.epa.gov/green-infrastructure/what-green-infrastructure
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Our project focuses on four types of green infrastructure: rain gardens, vegetation 
basins, porous paving, and green roofs. Rain gardens and vegetation basins can be considered 
in a similar category as they both involve the addition of vegetation to increase infiltration and 
storage of stormwater. Rain gardens are shallow depressions that contain grasses and other 
deep rooted plants while vegetation basins are larger depressions that receive runoff directly 
from storm drain sewers or impervious surfaces. Porous paving is a material that has pores for 
water to soak through and infiltrate into the ground. These materials may include porous 
concrete, porous asphalt, and paving stones. A green roof is a partially or completely covered 
flat or slightly sloped roof containing a vegetation layer planted on top of a waterproofing 
system.  

Traditionally rain gardens are the cheapest green infrastructure solution at about $3-4 
per square foot, porous paving is the second cheapest option at $2-6 per square foot,  and 3

green roofs are the most expensive option ranging between $10 and $25 per square foot for 
installation depending on the complexity of the roof.  With this rough cost knowledge of the 4

green infrastructure solutions, we could break up the modeling into steps from lowest to highest 
cost.  
 

Crum Creek Background 
 

Crum Creek is a small stream that runs through Swarthmore’s Campus and, although 
seemingly trivial, it has an impact beyond the Swarthmore community. The crum is part of the 
crum creek watershed, which affects about 68,000 residents, and eventually joins with the 
Delaware River . Therefore, although the crum creek may seem small, its water quality is 5

important as it flows into other watersheds and major rivers, affecting hundreds of thousands of 
residents. Thus, we have a responsibility to preserve the water quality of crum creek as 
chemicals and other pollutants we utilize on campus will be carried by runoff streams and 
stormwater into the crum and other water streams. 

Upstream of Swarthmore College the crum creek is used as a source of drinking water, 
which means that there are strict restrictions on the water quality standards that must be met to 
ensure it is safe for consumption. Since the creek is not used for drinking water downstream of 
Swarthmore there are less restrictions that must be met under the Clean Water Act (CWA). The 
Clean Water Act has very clear rules on the discharge of pollutants from point sources into 
water bodies, but the pollution generated due to runoff from nonpoint sources is harder to 
monitor. In our project we would need to focus on how Swarthmore could adhere to these 

3 “Permeable Pavers.” LID Urban Design Tools. Accessed April 28, 2020. 
https://www.lid-stormwater.net/permpaver_specs.htm. 
4 “What a Green Roof Costs You on the Way to Saving Everything.” The Street. Accessed April 28, 2020. 
https://www.thestreet.com/personal-finance/mortgages/what-a-green-roof-costs-you-on-the-way-to-saving
-everything-13161050. 
 
5 “Water Resources of the Chester, Ridley, and Crum Creeks in Chester and Delaware Counties, PA.” 
CRC , www.crcwatersheds.org/watersheds.php?s=12. 

 

http://www.crcwatersheds.org/watersheds.php?s=12


5 

regulations around nonpoint sources of stormwater pollution.  The EPA is responsible for 6

enforcing the requirements stated under the CWA and Safe Drinking Water Act (SDWA).  7

Swarthmore College also contributes to stormwater runoff through it’s municipal 
separate storm sewer systems (MS4s). An MS4 is designed to collect stormwater, but is not 
combined with sewers, sewage treatment plants, or publicly owned treatment works. MS4s are 
required to obtain NPDES permits and develop stormwater management programs (SWMPs) to 
minimize the discharge of pollutants. For Pennsylvania, it is required that all new construction 
adheres to the MS4 rules for restrictions on pollution, but any existing systems do not have to 
be altered to adhere to the requirements. This means that Swarthmore must take responsibility 
for ensuring it improves its municipal separate storm sewer system that is already in place.  This 8

will be an immediate concern as Swarthmore College begins its construction of the new dining 
hall on campus. 

The Crum Creek was listed on the EPA’s 303(d) list of impaired water bodies in 2002. 
The DEP collects extensive biological, chemical, and physical data on water bodies around the 
country so that it can fully assess which of these water bodies are not meeting water quality 
standards. A body of water is considered imparied if it is failing to meet one or more of the water 
quality standards outlined by the Clean Water Act. The crum creek was analyzed for its ability to 
meet water quality standards that support aquatic life.The reason for its addition to the 303(d) 
list was the high siltation levels in the creek with the source of this pollution listed as urban 
runoff and storm sewers. The crum creek currently has a TMDL development priority of medium, 
which means there is no timeline put in place for when it must meet load reduction standards to 
be taken off the list of impaired water bodies. A TMDL (Total Maximum Daily Load) must be 
developed for crum creek, and once the TMDL is approved by the EPA it can be placed in 
category 4a (list of impaired water bodies with a TMDL) until it meets the necessary water 
quality requirements. With Swarthmore College being a large source of runoff into the creek, it is 
our responsibility to focus on ways we can help to improve the water quality of the creek so that 
it meets the criteria to be fishable and swimmable.  9

 
E90 Project Introduction and Purpose  

 
For our E90 project we created hydrologic and green infrastructure models that are used 

to analyze the stormwater runoff and water quality flowing into Crum Creek. As mentioned 
above, Swarthmore College has a responsibility to preserve the water quality of Crum creek due 
to its close proximity and large contributor to runoff into the creek. Our project focuses on ways 
Swarthmore can better adhere to regulations around nonpoint sources of stormwater pollution 
and improve its stormwater runoff and water quality of Crum Creek. Green infrastructure is one 

6 “Summary of the Clean Water Act.” EPA, Environmental Protection Agency, 11 Mar. 2019,  
www.epa.gov/laws-regulations/summary-clean-water-act. 
7 “Water Enforcement.” EPA, Environmental Protection Agency, 31 Oct. 2018, 
www.epa.gov/enforcement/water-enforcement#stormwater.  
8 “Stormwater Rules and Notices.” EPA, Environmental Protection Agency, 1 Feb. 2017, 
www.epa.gov/npdes/stormwater-rules-and-notices#proposed. 
9 Dep, Pa. “2018 PENNSYLVANIA INTEGRATED WATER QUALITY MONITORING AND ASSESSMENT 
REPORT.” 2018 Integrated Report, www.depgis.state.pa.us/2018_integrated_report/index.html. 

 

http://www.epa.gov/laws-regulations/summary-clean-water-act
http://www.epa.gov/enforcement/water-enforcement#stormwater
http://www.epa.gov/npdes/stormwater-rules-and-notices#proposed
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Stormwater Management solution that can achieve outcomes of reduced runoff, total nitrogen, 
and total phosphorus levels. Thus, our project explores different green infrastructure solutions 
that Swarthmore can utilize to achieve its stormwater runoff and water quality goals. The scope 
of our project did not include cost analysis of the green infrastructure solutions, although there is 
a general understanding of the costs for each solution. Further cost analysis is a consideration 
for future work.  

 
  
The project is composed of four different components: monitoring, hydrologic modeling, 

model calibration, and modeling with green infrastructure.  
The monitoring section includes experimental work and field monitoring. This was done 

by collecting water samples and performing nitrate and phosphate tests on the samples to 
generate data on the water quality of the creek. This data was then used later as a comparison 
tool to see how close the models replicate reality. Rainfall and flow data was also collected to 
generate hyetograph and hydrographs for the observed rain events. These graphs help tell us 
how stormwater runoff is flowing into the creek.  

Hydrologic modeling was performed using a web app called WikiWatershed to generate 
a model of the base condition of Swarthmore’s campus. From the model, water quality and 
stormwater runoff results could be calculated and then compared across different model 
scenarios.  

The nutrient and runoff volume data collected in the monitoring section was compared to 
that data generated by the WikiWatershed hydrologic models. A model is only as good as the 
assumptions it makes, so it was important we used the monitoring data to better calibrate the 
model. Once the models were verified to the best of our ability with the data we collected, 
further scenario and green infrastructure modeling could take place.  

For the last section of our project, we added green infrastructure practices to the 
hydrologic models. The different model steps were broken up based on the cost of the different 
green infrastructure solutions. The water quality and hydrology results could then be compared 
and analyzed across the different green infrastructure models to determine the most effective 
and impactful green infrastructure solution.  

 
Also this is a critical time for analysis of Swarthmore’s stormwater runoff and water 

quality as there are plans to expand the dining hall. Our project scope also included modeling of 
the Sharples Expansion project to indicate how this construction project will impact the creek. 
By modeling and analyzing the stormwater runoff and water quality from the expansion of 
Sharples, we can give feedback and recommendations on how the College should proceed with 
the building plans. 
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II. Monitoring 

Field monitoring is a useful tool whenever digital models are being created for a 
specific system. Monitoring allows the researcher to understand how their system 
behaves in the real world so that they can gauge how accurate their model is. In our 
case, we were able to monitor an actual tributary of the Crum Creek Watershed that is 
impacted by runoff from Swarthmore College. This was done by studying the 
characteristics of the tributary during rain events; which would tell us the changes 
caused when runoff from the college enters the stream. 
 

A. ISCO Data 
 

An ISCO 6712 autosampler was used to collect water samples from the 
Swarthmore College research site on a tributary of Crum Creek (Figure II.A.1). The 
autosampler was able to be programmed so that the specific needs of our research were 
met. When the program was enabled, the sampler was set to collect 500 mL water 
samples at 15 minute increments. The program was enabled when the level of the water 
was above 0.45 ft; this was set by checking the level of the water at our sampling 
location during a rain event and during normal conditions. The goal was to have the 
autosampler begin collecting when the level of the stream indicated a rain event was 
occuring. 

An area velocity module was attached to the autosampler so that the velocity of 
the water and the level could be recorded (Figure II.A.2). This allowed us to determine 
the flow rate of the water during storm events and continually read the level of the water 
for sample collection. A rain gauge was also connected to the autosampler so that 
hyetographs could be created for the rain events. The rain gauge readings also allowed 
us to better test our model by knowing how large of a rain event should be simulated. 
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Figure II.A.1: ISCO 6712 portable sampler that was used to automatically collect water 

samples during rain events 
 

 
Figure II.A.2: Displays the area velocity module used to measure the level of the water so that it 

could automatically turn on during rain events 
 
 

B. Nitrate and Phosphate Testing 
 

Water samples were collected post rain events and brought back to the lab for nitrate 
and phosphate testing. A DR900 multiparameter colorimeter (Figure II.A.3) was used to test the 
concentration of these nutrients in the samples. The instructions in the DR900 manual were 
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followed to test for phosphates and nitrates . The nitrate and phosphate level for each sample 10

and the time it was collected was recorded so that event mean concentrations could be 
calculated. Event mean concentrations would allow us to analyze the total load of nutrients 
added to the tributary during the rain event. This data could then be used to further analyze how 
accurate our model was simulating what occurs during a real rain event. 
 

 
Figure II.A.3: DR900 multiparameter colorimeter that was used for the nitrate and phosphate 
testing; https://www.hach.com/asset-get.product.image.jsa?sku=9385100&type=M&size=L 

 
 

C. Results 
 

Rain Data 
 

Hyetographs for the full rain event (Figure II.C.1)  as well as the specific rain 
events were calculated using the data from the rain gauge attached to the autosampler. From 
the hyetograph of the full duration of data collection we were able to identify when the specific 
rain events occured so that more isolated hyetographs could be created. Hyetographs, in 
combination with hydrographs, can be insightful as to how much the runoff from campus during 
a rain event will impact the crum creek. The rain gauge data also provided us with the 
information needed to simulate storms in WikiWatershed using the inches of rainfall that 
occurred during the rain event. 
 

10https://www.hach.com/colorimeters/dr900-colorimeter/family-downloads?productCategoryId=355472038
27 

 

https://www.hach.com/colorimeters/dr900-colorimeter/family-downloads?productCategoryId=35547203827
https://www.hach.com/colorimeters/dr900-colorimeter/family-downloads?productCategoryId=35547203827
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Figure II.C.1: Hyetograph for the full duration of data collection. The spikes in the graph displays 

the amount of rain that was recorded during the duration of the hour. 
 

Flow Data 
 

Hydrographs for the full rain event (Figure II.C.2) and the specific rain events 
were constructed using level and velocity readings from the area velocity module. Flow rates 
were recorded in cubic feet per second, and were calculated by multiplying the cross sectional 
area of the stream and the velocity during each minute that data was being collected. Cross 
sectional area was determined using level readings and from measuring the width of the stream 
(from bank to bank) as 5 feet. The cross sectional area was assumed to be a rectangle which 
could cause some inaccuracies in the data.  

Hydrographs allow us to determine how a rain event will be impacting a water body. 
Large changes in the flow rate post rain events can tell us how the runoff from Swarthmore 
College is entering the stream. Increases in flow rate can lead to a higher introduction of 
nutrients, toxins, and turbidity in a water body. By creating a hydrograph for the full collection 
period we were able to compare it with the hyetograph in Figure II.C.1 to ensure that flow rate 
was increasing when rain events occured. This trend tells us that the data was being collected 
accurately and that runoff was entering the stream. 
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Figure II.C.2: Hydrograph for the full duration of data collection. The spikes in the graph display 

the average flow rate that was recorded during the duration of the hour. 
 

Rainfall, Flow Rate, and Nutrient Data for Specific Rain Events 
 
Two specific rain events were isolated so that there could be a deeper analysis into the 

hyetographs and hydrographs generated. These specific events were chosen because they had 
the most complete nutrient data, more events could have been analyzed if the field study portion 
of the data was able to continue. Figure II.C.3 displays the hyetographs and hydrograph from 
rain events on 2/11/2020 and 2/26/2020.  

In both the rain events there was seen to be a spike in flow rate followed by a larger 
spike shortly after. This leads us to believe there is some portion of the runoff from campus that 
is being stored in the drainage system below the campus before entering the crum creek. 
Further analysis into where this storage is located could be conducted using the maps of the 
sewer system on campus. There may need to be in person investigations of this flow rate 
pattern when possible. 

The comparison of the hyetographs and hydrographs also show that when rainfall was 
occuring there were increases in the flow rate. This further supports the idea that there is runoff 
from campus entering the tributary. By generating the hydrographs for these rain events we 
could determine the volume of water being added to the stream from runoff. These findings are 
further explained in section IV, which compares our monitored results to the models.  
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Figure II.C.3: This figure displays the hyetograph and hydrograph for two rain events, one on 2/11/20 

(left) and one on 2/26/20 (right), which we had nutrient data for. 
 

The nitrate and phosphate levels for each sample are displayed in Figure II.C.4 and 
Table II.C.5 for 2/11/2020 and 2/26/2020, respectively. These readings allow us to determine if 
runoff from swarthmore college is altering the crum creek water body. For the 2/11 rain event 
the nitrate and phosphate readings remained fairly constant throughout the sample period. For 
the 2/26 event we saw an initial flushing of nutrients in the beginning of sample collection for 
both nitrates and phosphates, but about halfway through the sample period the phosphate 
levels began to rise again. We could not test if this pattern of a spike in nutrients later in the rain 
event occured for nitrates as well due to the inability to complete data collection with COVID-19. 
This pattern would be consistent with our hydrograph data, which saw an initial peak in flow rate 
followed by a drop off and then a peak later on. If we could have obtained further nutrient 
readings we could have potentially strengthened our theory of there being some water storage 
system below the Swarthmore College campus that delays the introduction of runoff to the 
tributary.  

It is also important to note that the nutrient readings we obtained give us insight as to 
how healthy this tributary is. Using the complete data set on 2/11, the current readings for 
phosphate levels averaged 0.32 mg/L and nitrate levels averaged 2.8 mg/L. These 
concentrations would make the tributary considered unsafe for drinking water due to the nitrate 
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levels and at risk for algae blooms due to high phosphate levels. Since the Crum Creek below 
campus is not a source of drinking water the Nitrate levels aren’t of major concern, but the high 
phosphate concentration could put the stream at risk. When high nutrient levels trigger algae 
blooms it can lead to excessive plant growth which will reduce the oxygen levels in the water. 
This threatens the lives of aquatic species within the water body due to the hypoxic environment 
caused by eutrophication. If the campus was able to eliminate some of the nutrients it was 
adding to the stream during rain events it could alleviate the threat of eutrophication. This could 
be done with a combination of using more natural fertilizers and implementing green 
infrastructure that will prevent the nutrients from reaching the tributary in runoff. 
 

 
 
Table II.C.4: Displays the nitrate and phosphate concentrations in mg/L for the samples 
collected from a rain event on 2/11/20. 
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Table II.C.5: Displays the nitrate and phosphate concentrations in mg/L for the samples 
collected from a rain event on 2/26/20. The nitrate readings for samples 13-24 were not 
obtained due to COVID-19. 
 

III. Hydrologic Modeling 
 

Model My Watershed is a watershed modeling web app that was used to model 
stormwater runoff and water-quality impacts on Swarthmore’s campus. Using the model, 
different scenarios of base conditions for current campus conditions and the Sharples 
Expansion project are created and then compared to see the impact on the runoff and water 
quality of Crum Creek.  

This section focuses on the building and analysis of the models before green 
infrastructure is added. Model My Watershed delineates a watershed based on any point by 
using digital elevation layers to determine the land areas that drain into the tributary based on 
that point. For this project, the point was based on the location of the Swarthmore 
Environmental Monitoring station along Crum Creek behind the athletic facilities, see Figure 
III.1. 
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Figure III.1. Model My Watershed delineation based on the Crum Creek outfall point 

behind the Athletic Facilities, which is shown by the red star 
 
There are two models that can be used to simulate stormwater runoff and water quality: 

a site storm model and watershed multi-year model. A site storm model simulates a 24-hour 
storm using a combination of Source Loading and Management Model (SLAMM), TR-55, and 
EPA’s STEP-L model algorithms. SLAMM calculates runoff for urban land-use types. TR-55 
calculates runoff for all “natural” land use types. EPA’s STEP-L is the Food and Agriculture 
Organization of the United Nations evaporations models for runoff quality and EPA’s STEP-L 
models water quality. From these model algorithms actual land cover data and actual soil data 
for the land area of interest are used to calculate runoff, evapotranspiration, and infiltration 
levels and total suspended solids, total nitrogen, and total phosphorus loads. Infiltration is the 
amount of water that permeates into the surface, runoff refers to the amount of water that drains 
off of the surface, and evapotranspiration refers to the amount of water that is transferred from 
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the land to the atmosphere by evaporation from surfaces and by transpiration from plants.  This 
model is primarily designed for smaller, more developed areas. The default rain event 
precipitation is set to 2.50 cm, but the precipitation amount can be changed in 0.25 increments. 
For our event based models, we used a 1 cm rain event, which reflects the rainfall precipitation 
data we collected.  

The watershed multi-year model simulates 30-years of daily data using the Generalized 
Watershed Loading Function Enhanced (GWLF-E) model (see Appendix A.1) and is primarily 
designed for larger, more rural areas. Both models were used in the project to see the impacts 
and runoff for one storm and for a multi-year period. 

 
Site Storm Model 

Current Campus Base Condition 
Once the delineation of the Swarthmore Campus was performed based on the Crum 

Creek outfall point the base condition scenario was created, see Figure III.2.a. The base 
condition scenario provides a more accurate land cover map by manually adding land cover to 
the area of interest. This was a necessary step as the WikiWatershed map was outdated and 
did not include the New PPR Apartment dorm building (bottom right corner of Figure III.2.a). The 
added land cover data the user sets in combination with the web-apps algorithms land cover 
and soil data creates a better model. The land cover surfaces used in the model are developed 
high (80-100% impervious surface cover or commercial/industrial spaces), developed medium 
(50-79% impervious surface cover or small-lot single family house unit), developed low intensity 
(20-49% impervious surface cover or low density single-family homes), forest (trees taller than 5 
meters and greater than 20% total vegetation cover) and developed open (less than 20% 
impervious surface cover or playing fields and vegetation in developed settings), see Figure 
III.2.b. 
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Figure III.2.a. Base Condition for Site Storm Model 

 
Figure III.2.b. Key for Different Land Cover Surfaces on Site Storm Model Maps 

 

Sharples Expansion Base Condition 
This procedure was then repeated for the Sharples Expansion scenario. Tom Cochrane 

provided blueprints of the Sharples Expansion Project so that the new building and renovations 
to the existing Sharples building could be represented in the WikiWatershed Models (see 
Appendix B). A new dining hall will be built to the south west of the existing Sharples building 
and a partial 6,755 square foot green roof will be put on the existing Sharples building.  

Analysis of the Sharples Expansion impact on stormwater runoff and water quality 
provides an opportunity to give feedback and recommendations on the project plans to ensure 
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the improvement of Swarthmore’s Stormwater Management Practices and health of Crum 
Creek. The base condition for the Sharples Expansion Project is shown below in Figure III.3.  

 

 
Figure III.3. Sharples Expansion Base Condition for Site Storm Model 

 
The hydrology and water quality results for the current campus base condition is 

compared to those for the Sharples Expansion base condition, see Figures III.4.a and III.4.b. 
The addition of a new building adds more high developed land cover, which reduces the natural 
vegetation and associated infiltration levels. Therefore the expected outcome of the hydrology 
results would be a reduction in infiltration and increased runoff and the water quality results 
would be higher levels of total nitrogen and total phosphorus. Despite the expansion project, the 
hydrology and water quality results are almost identical, see Figures III.4.a and III.4.b.  
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Figure III.4.a Comparison of the Hydrology Results for the Current Campus Base Conditions 
with the Sharples Expansion Base Condition for a Site Storm Model with a 1 cm Rain Event 

 
Figure III.4.b Comparison of the Water Quality Results for the Current Campus Base Conditions 

with the Sharples Expansion Base Condition for a Site Storm Model with a 1 cm Rain Event 
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For the hydrology results, the infiltration levels increase by 0.9% and the runoff levels 
decrease by 0.5% for the Sharples expansion project. For the water quality results, the total 
nitrogen and total phosphorus levels decrease 0.5% for the Sharples expansion project. Thus, 
the less than 1% difference shows that the expansion project has little impact on the runoff and 
water quality. These comparable hydrology and water quality results are due to the size of the 
new building and the green roof addition. The new dining hall scale is not large enough to have 
a great impact on the runoff levels and water quality. The slight increase in high developed land 
cover is then offset by the addition of a green roof on the old part of the Sharples building, see 
Appendix B, causing little impact on runoff and water quality results.  
 

Another Sharples Expansion scenario was created to see how impactful the addition of 
the green roof on the existing building is. The 6,755 square foot green roof was replaced with 
high developed land cover, see Figure III.5.  
 

 
Figure III.5. Sharples Expansion Base Condition with no green roof for Site Storm Model 

 
The hydrology and water quality results for the current campus base condition, sharples 

expansion base condition, and sharples expansion with no green roof base condition are 
compared below, see Figures III.6.a and III.6.b. 
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Figure III.6.a. Comparison of the Hydrology Results for the Current Campus Base Conditions
with the Sharples Expansion Base Condition and Sharples Expansion with No Green Roof Base

Condition for a Site Storm Model with a 1 cm Rain Event

 
Figure III.6.b. Comparison of the Hydrology Results for the Current Campus Base Conditions 

with the Sharples Expansion Base Condition and Sharples Expansion with No Green Roof Base 
Condition for a Site Storm Model with a 1 cm Rain Event 

The results indicate that there is 0.02% difference between runoff levels, 0.06% 
difference for total nitrogen, and 0.14% difference for total phosphorus for the current campus 
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base condition and the sharples expansion with no green roof. In comparing the sharples 
expansion to the sharples expansion with no green roof there is a 0.5% increase in runoff levels, 
and 0.57% increase in total nitrogen, and 0.61% increase in total phosphorus for the sharples 
expansion project with no green roof. The results confirm that the runoff levels and water quality 
will be negatively impacted by the addition of the new dining hall building, but at a very minimal 
scale. Since the increase levels are less than 1% the impact from the installation of a green roof 
on the existing Sharples building can be considered negligible. 

Watershed Multi-Year Model 

The Site Storm model serves a base for the Multi-Year Model base conditions. Instead of 
drawing polygons of different land cover and conservation practices, the Multi-Year Model takes 
hectare unit input values. The areas of each of the land cover surfaces for the base condition in 
the Site Storm Model are totaled and converted to hectare units and then the values are entered 
as inputs into the Multi-Year Model. The Watershed multi-year model was mostly used in 
analysis of different green infrastructure solutions, see section V., but it was used for hydrologic 
modeling to compare the current campus to the Sharples Expansion project. The hydrology and 
water quality results are for a year storm simulation and are generated from averaged 30 years 
of rainfall and nutrient load data.  

The Multi-Year model hydrology results for comparisons between the current campus, 
Sharples Expansion, and Sharples Expansion with no green roof base conditions is shown 
below in Figure III.7.  

 
Figure III.7. Comparison of the multi-year hydrology results between the current campus base, 

Sharples Expansion, and Sharples Expansion with no green roof 
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For the multi-year model, the differences between the three scenarios is slightly greater 

than those from the site storm model. There is a 1.1% difference between the current base 
condition and the Sharples Expansion with no green roof and a 1.4% difference between the 
Sharples Expansion and Sharples Expansion with no green roof. The Sharples Expansion with 
no green roof scenario produces the most runoff, which confirms the predicted runoff impact of 
the building addition. 

IV. Model Calibration-Link Between Monitoring and Modeling 
 

Chester Road Side Base Condition 
A model was also made for the runoff that is directed from the storm sewer system that 

runs along North Chester road, see Figure IV.1. The storm sewer system diverts the runoff that 
flows along North Chester Road to our E90 outfall point. Therefore, to make the models more 
accurate, the runoff levels and water quality results from the Chester side must be considered.  
 

 
Figure IV.1. Chester Road Side Base Condition for Site Storm Model 
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Runoff Volume 
 

The runoff volume allowed us to determine the quantity of water that was being added to 
the stream during a particular rain event. This could help us to understand how the runoff from 
Swarthmore College is altering the tributary. To determine the volume during the monitored rain 
events on 2/11/2020 and 2/26/2020 we took the area underneath the hydrographs created. We 
also used the rain gauge data to determine the size of the rain events, in inches of rainfall, on 
these two days. The rainfall amount of 2/11 was 1 cm and on 2/26 it was 0.75 cm. 
WikiWatershed allowed us to simulate a 24 hour storm by inputting the amount of rainfall that 
would occur during it. From the simulation we obtained data on the impacts of the rain event, 
one of which was runoff volume. We then compared the monitored and WikiWatershed runoff 
volume to determine how accurate our model was to the field data.  

Table IV.1 displays the amount of runoff volume calculated in m3 for the ISCO data and 
the WikiWatershed data. We could then compare these two numbers by finding the percent 
difference, which was 17.6% on 2/11 and 18.7% on 2/26. We would always expect some 
difference to occur between a model and monitored data so these percent differences were 
expected. They were also fairly low percent differences and displayed that the model was 
resembling what was being seen during actual rain events on campus. Some of these 
differences could have come from the fact that WikiWatershed only has the option of looking at 
a storm over a 24 hour period but our storms were shorter in durations which could impact the 
way the runoff volume is calculated. There also could be some imperfections as to the level of 
infiltration seen in different parts of campus when compared to WikiWatershed.  

 

 2/11/2020 2/26/2020 

ISCO Data 2302.0 m3 1098.2 m3 

WikiWatershed 1930.6 m3 1324.6 m3 

% Difference 17.6 % 18.7% 

Table IV.1: The comparison of the runoff volume calculated from field data using the ISCO 
sampler and the volume indicated by WikiWatershed modeling during a 1 cm rain event on 
2/11/2020 and a 0.75 cm rain event on 2/26/2020.  
 

Event Mean Concentrations of Nitrates and Phosphates 
 

 Event mean concentrations allowed us to analyze the total load of nitrates and 
phosphates being added to the tributary during a rain event. The readings for the level, velocity, 
and width of the stream were used to calculate the flow rate during each minute of the event. 
The flow rate was then used to determine the fraction of flow during each 15 minute sample 
interval. The fraction of flow was multiplied by the concentration of nitrates and phosphates to 
obtain the load added during that 15 minute interval. Each of those samples could then be 
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added together to get the total load for the storm. These readings can then be compared to the 
WikiWatershed results for nitrogen and phosphorus loads during the simulated 24 hour storms.  

The results for the monitored and WikiWatershed readings of event mean concentrations 
are shown in Table IV.2. This table also displays the percent difference between the ISCO data 
and WikiWatershed data. For Nitrates the difference was 22.6% on 2/11 and 74.7% on 2/26, 
and for Phosphates it was 10.0% on 2/11 and 93.6% on 2/26. There are large discrepancies 
between the percent differences from 2/11 to 2/26, which shows that if permitted more samples 
would have aided in the accuracy of the model calibration. The model could have varying 
accuracy depending on the storm in questions and analyzing a greater number of storms could 
give insight to how the percent difference varies. A portion of these differences can be explained 
by the fact that WikiWatershed provides loads for Nitrogen and Phosphorous and not Nitrate 
and Phosphate which means we would expect the WikiWatershed readings to be higher than 
the monitored ones. The fact that WikiWatershed only looks at 24 hour events could also lead to 
a difference in the readings for event mean concentrations. 
 

Nitrate  2/11/2020 2/26/2020 

ISCO Data 2.75 mg/L 1.05 mg/L 

WikiWatershed 3.45 mg/L 2.31 mg/L 

% Difference 22.6% 74.7% 
 

Phosphate 2/11/2020 2/26/2020 

ISCO Data 0.317 mg/L 0.109 mg/L 

WikiWatershed 0.35 mg/L 0.30 mg/L 

% Difference 10.0% 93.6% 

Table IV.2: Displays the event mean concentrations for nitrates and phosphates calculated from 
field data using the ISCO autosampler and WikiWatershed modeling during a 1 cm rain event 
on 2/11/2020 and a 0.75 cm rain event on 2/26/2020.  
 

V. Modeling with Green Infrastructure  
 

This section uses the hydrologic models created in section III and adds types of green 
infrastructure. The models were calibrated using field data in the previous section, section IV, to 
ensure that the hydrologic models correspond as closely to reality as possible. These models 
are then analyzed and compared to see which conservation practices are the most impactful 
and effective in reducing runoff levels and improving water quality for both the site storm model 
and multi year model.  
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Site Storm Model  

Current Campus Green Infrastructure Steps 
The base condition model from section III was broken up into three steps, where each 

step added a conservation practice in order of increasing cost. For step one, the developed 
open polygons are replaced with vegetation basins and rain gardens based on our knowledge of 
the campus, see Figure V.1. Both vegetation basins, which are constructed large depressions, 
and rain gardens, which are shallow compressions with deep-rooted plants and grasses, 
encourage infiltration into the ground. Vegetation basins are used primarily to receive runoff 
from storm drain sewers or impervious surfaces so they were placed accordingly.  
 

 
Figure V.1.a. Step One for Site Storm Model 
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Figure V.1.b. Key for Different Conservation Practices on Site Storm Model Maps 

 
For Step two, the developed high polygons from the parking lots are replaced with 

porous paving, see Figure V.2. Porous paving is made up of materials that have pores for water 
to soak through and infiltrate into the ground.  
 

 
Figure V.2. Step Two for Site Storm Model 
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For Step three, the developed high polygons from buildings are replaced with green 
roofs, see Figure V.3. This conservative practice was not readily used because of its low 
applicability to this area of interest. Green roofs are suitable for buildings with flat roofs, so the 
matchbox, the Mullen center, and New PPR Apartments are the only pertinent buildings in our 
area of interest.  

 
Figure V.3. Step Three for Site Storm Model 

 

Sharples Expansion Green Infrastructure Steps 
This procedure is then repeated for the Sharples Expansion scenario. The Sharples 

Expansion base condition created in Section III was broken up into three steps, which closely 
resemble those for the current campus green infrastructure steps. The main difference is the 
additional building and slight rearrangement of rain gardens in the area surrounding Sharples 
dining hall. The conservation practice steps for the Sharples Expansion Project are shown 
below, see Figures V.4-6.  
 
 
 

 



29 

 
Figure V.4. Sharples Expansion Step One for Site Storm Model 

 

 
Figure V.5. Sharples Expansion Step Two for Site Storm Model 
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Figure V.6. Sharples Expansion Step Three for Site Storm Model 

 
The results for these scenarios are then calculated, graphed, and compared to 

determine the best conservation practices solution for improving water quality and storm water 
runoff into Crum Creek.  
 

Combined hydrology graphs are generated for the base condition and three green 
infrastructure steps for the current conditions of Swarthmore’s campus, see Figure V.7. The 
results shown are for the Site Storm Model with a 1 cm rain event. The graph displays the 
infiltration, runoff, and transpiration levels produced from a 1 cm rain event and the surrounding 
land surfaces.  
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Figure V.7. Combined Hydrology Graph for the Base Condition and Three Green Infrastructure
Scenarios for the Site Storm Model with a 1cm Rain Event

The results show an increase in infiltration, reduction of runoff, and an increase in
evapotranspiration with the addition of green infrastructure. There is a 35% reduction in runoff
levels from the base condition to step one and a 52% reduction of runoff levels from step one to
step two. There is a 13% reduction for runoff from step 2 to step 3.

Based on the feasibility of implementing green roofs on the current buildings at
Swarthmore as well as the more expensive and interruptive installation, green roofs do not
seem to be as effective and impactful as porous paving and rain gardens/vegetation basins.
Yet, land cover and real estate also are factors for Swarthmore College. Although porous paving
and green roofs may be more expensive, they would not take up more land on campus. For
both porous paving and green roofs it is just a matter of replacing the asphalt and dorm roofs.
Swarthmore may not want to give up more land cover on campus to implement rain gardens
and vegetarian basins, in which case porous paving and green roofs should be the focus. Also
further cost analysis in future work should be done to see the total costs of rain gardens and
vegetation basin implementation compared to those of green roof installation and the relative
land cover areas and impacts.

Combined hydrology graphs for the Site Storm Model with a 1 cm rain event are also
generated for the Sharples expansion and the corresponding green infrastructure steps, see
Figure V.8.
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Figure V.8. Combined Hydrology Graph for the Sharples Expansion and Three Green 
Infrastructure Scenarios for the Site Storm Model with a 1 cm Rain Event 

Similar to the Current Campus scenario, the results show an increase in infiltration, 
reduction of runoff, and an increase in evapotranspiration with the addition of green 
infrastructure. There is a 50% reduction in runoff levels from the base condition to step one and 
a 83% reduction of runoff levels from step one to step two. There is a 33% reduction for runoff 
from step 2 to step 3. Based on similar reasons as above, based on the feasibility, expense, and 
interruptive application of green roofs, they should not be a main focus for green infrastructure 
implementation on Swarthmore’s Campus. The focus for green infrastructure implementation 
should be those in steps one and two, which include vegetation basins, rain gardens, and 
porous paving. 

The water quality results from the Site Storm Model are shown through Total Nitrogen 
Load and Total Phosphorus Load graphs for the Site Storm Model with a 1 cm rain event shown 
below, see Figures V.9 and V.10.  
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Figure V.9. Total Nitrogen Load for the Eight Different Scenarios for Site Storm Model with a 1 
cm Rain Event 

Figure V.10. Total Phosphorus Load for the Eight Different Scenarios for Site Storm Model with 
a 1 cm Rain Event 

As green infrastructure is added to the model, the total nitrogen and total phosphorus 
loads decrease. For the current campus, there is a 42% decrease of total nitrogen and total 
phosphorus between the base condition and step one, a 71% decrease of total nitrogen and 
total phosphorus between step 1 and step 2, and a 23% decrease of total nitrogen and total 
phosphorus between step 2 and step 3. There is a 0.50% decrease of total nitrogen and 0.47% 
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decrease of total phosphorus between the current campus base condition and the sharples 
expansion base condition. So as with the stormwater runoff, the sharples expansion does not 
negatively impact the water quality. For the sharples expansion green infrastructure scenarios, 
there is a 51% and 50% decrease of total nitrogen and total phosphorus between the base 
condition and step one, a 83% decrease of total nitrogen and total phosphorus between step 1 
and step 2, and a 34% and 33% decrease of total nitrogen and total phosphorus between step 2 
and step 3. As concluded above, porous paving, vegetation basins, and rain gardens are the 
best green infrastructure practices to consider to improve water quality based on impact.  

 
Watershed Multi-Year Model 

 
A similar step procedure is performed for the Multi-Year Model as the Site Storm Model. 

The base condition model and land cover areas were used again for each of the green 
infrastructure steps, but areas for the green infrastructure practices were also added. The 
conservation practice surface areas for each step are summed based on the green 
infrastructure placed in the Site Storm model. These areas are converted, and inputted into the 
corresponding step scenario in the multi-year model. The Watershed Multi-Year model 
calculates stormwater runoff and water quality results for a year using average annual loads 
from 30 years of weather and nutrient data.  

Stormwawter runoff results are shown in the surface runoff water depth levels for six 
different scenarios over the course of a year, see Figure V.11. The winter months into early 
spring months have a higher water level, most likely due to higher snow and rainfall and less 
natural vegetation. In the summer months, vegetation and plants regrow and can cause better 
infiltration.  
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Figure V.11. Surface Runoff Water Depth Levels for Six Different Scenarios for WikiWatershed 
Multi-Year Model 

The base condition, step one, and sharples expansion all have similar surface runoff 
levels. Step two has the largest decrease in surface runoff (23.7%), so porous paving offers the 
best infiltration solution out of these conservation practice options. Step three, which is the 
addition of green roofs, does not offer as large of a decrease in surface runoff (5.5%) as step 
two does. Rain gardens and vegetation basins have the lowest impact for the multi-year model 
with a decrease in runoff of 3.0%. This shows that green roofs are more impactful in the long 
term than the specific amount of rain gardens and vegetation basins implemented in this model.  

The water quality results for the Multi-Year Model Total Nitrogen Load and Total 
Phosphorus Loads are shown below, see Figures V.12 and V.13.  
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Figure V.12. Total Nitrogen Load for the Five Different Scenarios for the Multi-Year Model 

 
Figure V.13. Total Phosphorus Load for the Five Different Scenarios for the Multi-Year Model

As green infrastructure is added in each step the total nitrogen and phosphorus loads 
decrease. There is a 0.79% decrease of total nitrogen and 4.4% decrease of total phosphorus 
between the base condition and step one, 5.6% decrease and 33% decrease of total 
phosphorus between step one and step two, and a 1.1% decrease and 7.6% decrease of total 
phosphorus between step two and step three. In comparing the current campus base condition 
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to the sharples expansion base condition, there is a 4.1% decrease of total nitrogen and 3.6% 
decrease of total phosphorus. In looking at the impacts of green infrastructure over a year, 
porous paving in step two is the most effective at improving water quality. Green roofs show to 
be more impactful over a year time span than a single storm event, so depending on the 
expense and feasibility green roofs could be a more impactful green infrastructure solution in 
the long term than rain gardens and vegetation basins.  
 

Ultimately, WikiWatershed provides a good “mid-level” analysis for water quality and 
stormwater runoff for the different campus scenarios. Future work should be done, see Section 
VIII, to further incorporate costs and land cover area into decisions for the optimum green 
infrastructure solution for Swarthmore College.  

VI. Conclusion 
 
By comparing our monitored results with the WikiWatershed model we were able to 

further understand if our model was a good tool for the college to use when analyzing the 
campus runoff. We found that when considering the runoff volume the model had fairly accurate 
results with a percent difference of around 18%. This means that the quantity of water being 
added from the college during a rain event could be simulated well using our WikiWatershed 
model. For event mean concentration our results were less accurate with there being fairly low 
percent differences on 2/11 but very high discrepancies on 2/26. We were unable to draw a 
conclusion on how the model simulates nitrate and phosphate loads due to the restrictions in 
the amount of field data we could obtain. 

The hydrologic models generated using WikiWatershed showed that the Sharples 
Expansion project does not negatively impact runoff and water quality. It on a very minimum 
scale actually improves water quality and reduces runoff levels. These results are due to the 
size of the new building not being large enough to make a major impact and the installation of a 
green roof on the existing Sharples building. Yet, further analysis of the inclusion of the green 
roof in the Sharples Expansion project indicates the green roof has a very minimum impact. 
Therefore, the addition of the green roof may want to be reconsidered based on the total cost of 
the green roof and its runoff and water quality impact.  

The green infrastructure models indicated that porous paving is the best green 
infrastructure solution in reducing runoff and improving water quality for both site storm 
modeling and multi-year modeling. Rain gardens and vegetation basins offer a decent impact 
for a low cost, but campus land area may need to be considered for this solution. Porous paving 
would not take up more real estate on campus as it is just a matter of replacing the old concrete 
and asphalt. Green roofs are similar to porous paving and replacing the roofs does not take up 
more space, but the expense, feasibility, and interpretive process of installing a green roof on 
buildings at Swarthmore will need to be considered.  
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VII. Limitations 
 

A limitation of this project is the land cover and soil data that WikiWatershed Model My 
Watershed uses to calculate the hydrology and water quality results. Manually adding land 
cover surfaces on campus helps improve the model and adds to its 2011 land cover and 2016 
soil data, but there is no option to import data from hydrographs. Hydrographs were generated 
from the rain event autosampler data, which give the most accurate rainfall and level data for 
Crum Creek and the Swarthmore Campus area. Thus, the model is limited to WikiWatershed’s 
internal algorithms and land cover, soil, and rainfall data.  

Also WikiWatershed is limited in the amount of precipitation you can set for the Site 
Storm Model. The web app only uses increments of 0.25 cm, so for one of our event model 
comparisons we used data from a 0.75 cm model event but the actual rainfall amount for the 
event was 0.85 cm. The difference in the monitoring and model for this event was higher than it 
could have been if the web app offered more flexibility with precipitation levels.  

Due to the COVID-19 pandemic, we were unable to finish the collection of data from the 
autosampler for nutrient, flow rate, and rain gauge data. If the project wasn’t restricted by this 
we would have had more rain events to analyze and compare to the WikiWatershed model. 
 

VIII. Future Work 
 
Further cost analysis should also be performed in the future for this project. Rough cost 

estimates were calculated for the three green infrastructure types, but more research should be 
done on pricing in the Swarthmore area. Also analysis of the cost compared to the land area 
taken up by each conservation practice and impact on water quality and runoff levels should 
also be done. Analysis and conclusions for this project were based on the impact of the green 
infrastructure solutions, but Swarthmore College may want to include other considerations in 
green infrastructure solutions, such as land real estate and green building certifications.  

It would also be beneficial to have more field samples that would allow for further 
calibration of the model. We were limited in the amount of data we could obtain due to 
COVID-19 so the rain event analysis wasn’t complete. When comparing the model and the 
monitored results we did find discrepancies between the percent differences depending on the 
rain even being looked at so further analysis could give us a better estimate as to which values 
were more accurate. 

For a more in depth analysis of Swarthmore Colleges impact on the Crum Creek 
watershed we could also use the EPAs Storm Water Management Model (SWMM). SWMM 
would allow us to add sanitary sewers and drainage systems to our current runoff model. The 
goal of this analysis would be to get better agreement between our model and monitored 
results; which could provide the college with another tool to understand their impacts on the 
watershed. 
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XI. Appendix 
 

A. Model My Watershed Algorithms 
1. GWLF-E 

GWLF-E is relatively easy to use and relies on input datasets, which make it less 
complex than other modeling algorithms, such as Storm Water Management Model(SWMM). 
This continuous simulation model uses daily time steps for weather data and water balance 
calculations.  Algorithms are used to simulate most of the key mechanisms that control nutrient 
and sediment fluxes within a watershed. The model can then simulate runoff, sediment, and 
nutrient loads from a watershed based on the given size of source areas. Monthly calculations 
are made for sediment and nutrient loads based on the daily water balance accumulated into 
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monthly values. GWLF-E acts as a lumped parameter model as the loads are aggregated from 
each source area into the total watershed.  

The water balance is calculated daily using supplied or computed precipitation, 
snowmelt, initial unsaturated zone storage, maximum available zone storage, and 
evapotranspiration values. The surface runoff is simulated by using a Soil Conservation Service 
Curve Number (SCS-CN) approach with daily weather inputs from EPA Center for Exposure 
Assessment Modeling. Evapotranspiration is determined by using daily weather data and a 
cover factor dependent on the land use and cover type. Infiltration is computed as the difference 
between the precipitation and snowmelt minus the surface runoff plus evapotranspiration.  
 

B. Storm Print from Tom Cochrane 

 
 

C. Nutrient Data: Event Mean Concentration Calculations 
 
The nitrate and phosphate levels for each sample are displayed in Table XI.C.1 and Table 
XI.C.2 for 2/11/2020 and 2/26/2020,  respectively. These readings allow us to determine if runoff 
from swarthmore college is altering the crum creek water body. Using the fraction of flow during 
the 15 minute interval of each sample we can find the nitrate and phosphate load during the 
sample time. By adding these loads for the total rain event, the event mean concentration for 
nitrate and phosphate could be calculated. The event mean concentrations can then be 
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compared to the load generated from the WikiWatershed model to see how accurate the model 
is.  
 

Time N PO4 Fraction of 
Flow 

N load P load 

2/11/2020 15:10 2.1 0.28 0.049641616 0.104247 0.0139 

2/11/2020 15:24 2.7 0.32 0.048829053 0.131838 0.015625 

2/11/2020 15:39 2.3 0.38 0.049729881 0.114379 0.018897 

2/11/2020 15:54 2.9 0.32 0.046188873 0.133948 0.01478 

2/11/2020 16:09 3.4 0.2 0.046095415 0.156724 0.009219 

2/11/2020 16:24 2.5 0.43 0.046048686 0.115122 0.019801 

2/11/2020 16:39 2.8 0.43 0.044781815 0.125389 0.019256 

2/11/2020 16:54 2.6 0.3 0.044400196 0.115441 0.01332 

2/11/2020 17:09 2.2 0.4 0.042115675 0.092654 0.016846 

2/11/2020 17:24 3 0.48 0.040957838 0.122874 0.01966 

2/11/2020 17:39 2.3 0.36 0.042211728 0.097087 0.015196 

2/11/2020 17:54 2.6 0.3 0.041775592 0.108617 0.012533 

2/11/2020 18:09 2.6 0.31 0.041760016 0.108576 0.012946 

2/11/2020 18:24 3.2 0.35 0.038969265 0.124702 0.013639 

2/11/2020 18:39 2.9 0.34 0.039330116 0.114057 0.013372 

2/11/2020 18:54 2.8 0.3 0.040069989 0.112196 0.012021 

2/11/2020 19:09 3.3 0.18 0.038366982 0.126611 0.006906 

2/11/2020 19:24 2.5 0.31 0.038405923 0.096015 0.011906 

2/11/2020 19:39 3 0.21 0.038600627 0.115802 0.008106 

2/11/2020 19:54 3.3 0.15 0.03854611 0.127202 0.005782 

2/11/2020 20:09 2.7 0.32 0.036874255 0.09956 0.0118 
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2/11/2020 20:24 3.5 0.24 0.036552345 0.127933 0.008773 

2/11/2020 20:39 2.7 0.24 0.036975501 0.099834 0.008874 

2/11/2020 20:54 2.4 0.41 0.032772501 0.078654 0.013437 

   SUM 2.749462 0.316595 

 
Table XI.C.1: Displays the nitrate and phosphate concentrations in mg/L for the samples 
collected from a rain event on 2/11/20. The event mean concentration(mg) of nitrates and 
phosphates was also calculated using the fraction of flow rate during each 15 minute sample 
collection period. 
 

Time N PO4 Fraction of 
Flow 

N Load P Load 

2/26/2020 23:18 5.3 0.18 0.032204908 0.170686 0.005797 

2/26/2020 23:19 4 0.2 0.036548417 0.146194 0.00731 

2/26/2020 23:34 2.4 0.16 0.071420861 0.17141 0.011427 

2/26/2020 23:50 1.6 0.08 0.043517444 0.069628 0.003481 

2/27/2020 0:04 1.5 0.1 0.035400395 0.053101 0.00354 

2/27/2020 0:20 1.1 0.07 0.035999001 0.039599 0.00252 

2/27/2020 0:34 1.6 0.08 0.032561281 0.052098 0.002605 

2/27/2020 0:49 1.6 0.19 0.025057278 0.040092 0.004761 

2/27/2020 1:05 1.9 0.18 0.038460302 0.073075 0.006923 

2/27/2020 1:19 1.3 0.05 0.061091976 0.07942 0.003055 

2/27/2020 1:34 0.9 0.05 0.13615318 0.122538 0.006808 

2/27/2020 1:49 0.3 0 0.119861313 0.035958 0 

2/27/2020 2:05 NA 0 0.060403979 0 0 
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2/27/2020 2:19 NA 0.26 0.036993328 0 0.009618 

2/27/2020 2:34 NA 0.03 0.030928288 0 0.000928 

2/27/2020 2:49 NA 0.2 0.026105956 0 0.005221 

2/27/2020 3:04 NA 0.32 0.025460337 0 0.008147 

2/27/2020 3:20 NA 0.38 0.026111696 0 0.009922 

2/27/2020 3:34 NA 0.19 0.024090525 0 0.004577 

2/27/2020 3:49 NA 0.09 0.023161304 0 0.002085 

2/27/2020 4:04 NA 0.17 0.022235068 0 0.00378 

2/27/2020 4:19 NA 0 0.02025594 0 0 

2/27/2020 4:34 NA 0.17 0.018870801 0 0.003208 

2/27/2020 4:49 NA 0.18 0.017106422 0 0.003079 

   SUM 1.053797 0.108792 

 
Table XI.C.2: Displays the nitrate and phosphate concentrations in mg/L for the samples 
collected from a rain event on 2/26/20. The event mean concentration of nitrates and 
phosphates was also calculated using the fraction of flow rate during each 15 minute sample 
collection period. The nitrate readings for samples 13-24 were not obtained due to COVID-19. 

 




