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Figure 4.8   The fourth phase of the BMP implementation strategy tests BMPs on all 

parcels.  
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Scenario Test Results 

In order to test bio-retention, infiltration trenches and dry swales, the removal 

efficiency of the given BMP was multiplied by the phosphorus-loading rate for each 

parcel. As previously described, each BMP scenario was tested in phases. Each phase of 

implementation was based on parcel phosphorus loading rates. The parcel’s phosphorus 

loading rate was multiplied by the BMP removal efficiency rate in order to determine 

how much phosphorus could be removed from the overland flow.  

The removal efficiency test revealed that infiltration trenches most effectively 

remove phosphorus loading followed by dry swales and then bio-retention. The overall 

results for each set of scenarios can be viewed below in table 4.1 

 

BMP 
Type  

 
Reductio
n Rate 

Existing 
Neighborhoo
d P (t) / year 

P Reduction 
after 25% 
BMP 
Implementatio
n 

P Reduction 
after 50% 
BMP 
Implementatio
n 

P Reduction 
after 75% 
BMP 
Implementatio
n 

P Reduction 
after 100% 
BMP 
Implementatio
n 

Infiltratio
n 
Trenches 83.0% 38.067 31.6% 54.2% 71.1% 83.0% 
Bio-
Retentio
n 24.0% 38.067 9.1% 15.6% 20.5% 24.0% 
Dry 
Swales 64.0% 38.067 14.8% 41.8% 59.3% 64.0% 
 
Table 4.1   BMP scenario set results. Each BMP’s removal efficiency was evaluated 

based on prioritized implementation that occurred in increments of 25%.  
  

The outcome of the scenario tests is somewhat expected considering that the infiltration 

trench phosphorus removal rate is significantly higher than that of the other two BMPs 

studied. However, the BMP that proved to remove the greatest amount of phosphorus is 

less significant than the quantification and prioritization of phosphorus loading within 
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each parcel. Regardless of the BMP that is deemed most appropriate for a given area or 

neighborhood, the process of identifying the source, movement, and concentration of 

phosphorus runoff maintains relevance.  

 By identifying phosphorus hotspots or parcels likely to contribute to phosphorus 

loading, as shown in figure 4.1 and figure 4.3, the process of incremental implementation 

could be organized to systematically deal with hotspots in the earliest stages of 

implementation. The incremental implementation is meant to demonstrate how 

phosphorus removal efficiency rates can be most effectively utilized if high loading areas 

are targeted early on in the mitigation process. The phases associated with each scenario 

show that prioritizing hotspot areas in the implementation process is highly effective in 

terms of economics and pollutant removal. While the removal efficiency rate of the 

BMPs chosen influence the removal rates of each implementation phase, the overall 

efficiency of the implementation process is enhanced, regardless of the BMP used, due to 

the location of phosphorus loading hotspots.   
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CHAPTER 5 

SUMMARY 

 
Significance of the Study 

 
This study is intended to provide designers and planners a process through which 

site design can more effectively fit into broader ecological systems, specifically 

hydrological systems. In order for human development to work with rather than against 

ecological systems, the gap between scientific research and design and planning 

implementation must be narrowed. Currently, designers and planners make use of a 

number of standardized, reputable sets of guidelines and checklists in order to incorporate 

resource and energy efficiency into their work. These guidelines and checklists are a step 

in the right direction, but are often lacking the scope and interdisciplinary knowledge 

necessary to address unique local conditions. Local conditions that impact the hydrologic 

functioning of a stormwater management system often extend beyond the knowledge of 

most designers to include climate, soil, and stream monitoring/testing data that are rarely 

factored into site design projects. For this reason, it is essential that we begin to study 

new and innovative methods of site analysis that can better inform design and planning.   

 One method of analysis that could prove useful in future site analysis studies is 

phosphorus mapping. The phosphorus map that was created in this study was used to 

identify areas within a neighborhood that were the most likely to contribute phosphorus 

to runoff. The resolution of the map, 281.56 square meter cells, allowed potential 
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phosphorus hotspots within neighborhood parcels to be identified and mitigated. 

Phosphorus values for each cell were based on a formula comprised of weighted land 

cover variables. These weighted variables were developed by adjusting the BasinSim 1.0 

model to available local data. As a result, the phosphorus formula that was developed in 

this study is most relevant to the Bellingham, Massachusetts area. However, land cover, 

weather, soil and stream monitoring data are available in many locations across the 

United States, making the methodology developed in this study broadly applicable.  

 While suitable data is available for most locations, the software necessary to 

conduct a phosphorus loading analysis is also available to most planners and designers. 

Arc GIS is software commonly used by both planners and designers. Arc Map, one of 

several Arc GIS interfaces, is a primary tool used to collect and analyze preliminary data 

while ArcHydro is the toolset used to delineate watersheds. The ArcHydro tools used 

within Arc Map are free to download if a license to Arc Map is already owned. Also 

available as a free download is the nutrient load modeling software BasinSim 1.0. 

BasinSim 1.0 comes with a user-friendly guidebook and an intuitive user interface. 

Finally, Microsoft Excel was used to conduct a number of calculations based on the data 

derived from the BasinSim 1.0 model. Microsoft Excel is extremely common in most 

offices and provides a straightforward method of developing statistics from model data. 

 Understanding the accumulation and flow of phosphorus at a scale as fine as 

281.56 square meters is significant to the design and planning process in a number of 

ways. First, areas within a parcel that are likely to contribute to phosphorus runoff can be 

dealt with according to the best management practice (BMP) that adequately fits the 

site’s conditions. More importantly, planners and designers can prioritize BMP 
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implementation in areas of a neighborhood or drainage basin that contributes the greatest 

amount of phosphorus runoff. The ability to prioritize BMP implementation allows for 

greater economic efficiency and pollutant removal efficiency.   

 Economic and pollutant removal efficiencies are significant when determining 

policy measures to reduce pollutant loading. The US EPA’s pilot project in the 

headwaters of the Charles River Watershed currently targets sites with two or more acres 

of impervious cover. Unlike large-scale commercial and industrial areas, residential areas 

do not always have non-point-source pollutant red flags like two or more acres of 

impervious cover. As a result, building a case for retrofitting residential areas is less 

straightforward than retrofitting large commercial and industrial parking areas. The 

methodology developed in this study provides a way to study neighborhoods in order to 

determine where BMP interventions can be most effective.  

While the phosphorus map is an effective tool to prioritize BMP placement, the 

formula used to estimate phosphorus loading for a given area is significant to the 

planning process as well. Each land cover type within a study area is given a weight 

depending on its phosphorus loading characteristics. The land cover types that contribute 

to higher phosphorus runoff values, which will vary somewhat depending on the location, 

can help to inform future planning policy. For example, this study determined that high-

density residential areas and medium density residential areas were the areas most likely 

to contribute the phosphorus to runoff. This knowledge could be used to alter zoning 

regulations, requiring the construction of stormwater BMPs in new high and medium 

density residential neighborhoods. It could also result in new street renovation guidelines 
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that require the implementation of BMPs with street renovations in older high and 

medium density residential neighborhoods.  

The original objective of the study was to determine how neighborhood and 

regionally planned systems of BMPs differ in effectiveness from BMPs planned at the 

site scale, without connecting to other sites or parcels with BMPs. Once the phosphorus-

loading map was created for the study area neighborhood, it became apparent that with 

the ability to conduct a phosphorus analysis and pinpoint areas of potentially high 

phosphorus loading, only a planned system of BMP implementation could effectively 

prioritize phosphorus-loading hotspots. While implementing BMPs on parcels without 

conducting a neighborhood wide analysis of phosphorus loading could reduce 

phosphorus runoff, the efficiency would be lost if hotspots cannot be identified.  

 

 
Limitations 

Several limitations to the study contributed to changes to the methodology and 

final results. Limitations included the availability of datasets for the same time period and 

location, the sizes of lots within the study area neighborhood which influenced the types 

of BMPs tested, the amount of forested area within the neighborhood which affected the 

amount of space available for BMP testing, and the accuracy of BMP removal 

efficiencies reported in studies which impacted BMPs chosen for testing and scenario test 

results. Along with these limitations, time constraints proved to impact the scope of the 

study, limiting the study area to only one neighborhood.  

The first dataset collected for study was the stream monitoring data from the 

Charles River Watershed Association (CRWA). This data represented the only available 
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phosphorus loading data for the headwater towns within the US EPA pilot project. By 

selecting this dataset to study, all other datasets were influenced. For example, the 

CRWA data ranges from July 2005 to September 2009. As a result, all other data needed 

to fit as closely to this time period as possible. The other datasets collected, including 

land cover, slope, weather, and stream flow data, were assimilated in an effort to fit data 

as closely to the stream monitoring dates and location as possible. Land cover data was 

collected from Mass GIS and represented land use patterns from 2005. The digital 

elevation model that was downloaded from Mass GIS and used to calculate slopes and to 

delineate watersheds was also from 2005. Weather data from the NCDC was collected for 

April 2006 – March 2008 from a station in West Medway. The West Medway station was 

chosen because of its close proximity to the CRWA stream monitoring location, 

approximately 5.77 kilometers away. However, multiple weather stations should have 

been used to interpolate site-specific weather data. USGS stream flow data was used to 

calibrate the stream flow estimates generated by the model. The closest USGS stream 

monitoring location to the CRWA stream monitoring location was approximately 8.8 

kilometers away in Medway.  

The data collected helped to inform the model results based on local conditions. 

However, conducting field tests by collecting weather, stream flow, and phosphorus 

loading data from one specified location over a period of two years or more would have 

provided more reliable model output results. For example, CRWA data and USGS data 

represented stream samples collected on a monthly basis while weather data was 

collected on a daily basis. By collecting original stream and weather data, more frequent 
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samples could be taken to more closely monitor the correlation between weather, stream 

flow, and phosphorus loading over time.  

Aside from data limitations, the spatial arrangement of the study area 

neighborhood also posed limitations regarding the size and type of BMP that could be 

realistically recommended. The average lot size within the neighborhood studied was 

0.22 hectares (approximately 0.5 acres). The open space available prevented the use of 

BMPs like constructed wetlands and retention and detention ponds within any individual 

parcel. However, these larger, neighborhood scale BMPs were considered for open space 

areas formed by multiple adjacent parcels. Combining open space across adjacent parcels 

would have provided adequate space for neighborhood BMP systems but would have 

required the hypothetical removal of most of the forested portions of the neighborhood. 

Due to the high aesthetic, ecological, and hydrological benefits of forest patches like 

those found within the study neighborhood, neighborhood BMPs were not included in the 

scenario tests. Under different time constraints, another neighborhood with less forest 

area would have been utilized to test neighborhood BMP effectiveness.  

It should also be noted that BMPs were chosen for their ability to retrofit a 

neighborhood that is currently in existence. These are not necessarily the same kind of 

BMPs that would be recommended for a newly constructed neighborhood nor do they 

reflect BMPs associated with hydrologically sensitive construction practices. While there 

is need for study related to construction BMPs and BMP incorporation into design 

proposals, this particular study is focused on retrofitting currently existing neighborhoods 

that were not initially intended to include contemporary stormwater management 

systems.  
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Another limitation of this study, and probably the most influential, is the 

variability in reported BMP removal efficiency rates. While the Center for Watershed 

Protection (CWP) and the International Stormwater BMP Database have compiled data 

from hundreds of BMP monitoring locations, there is still a significant amount of 

variability in the methods used to monitor constructed BMPs as well as the design and 

materials used to construct BMPs. BMP monitoring results have been compiled in 

reviews by both the CWP and the International Stormwater BMP Database from the past 

20 years while detailed guidelines have only been accessible for the past 3-5 years. 

Contextual circumstances like climate and temporality also play a role in the 

removal efficiency of a BMP. For example, a constructed wetland in a warm climate will 

probably have a higher removal efficiency rate than one in a cold climate due to longer 

growing seasons for plant uptake and less time during the year when water is frozen and 

phosphorus is suspended in ice rather than settling to the wetland floor.  Also, the longer 

a BMP has been actively filtering or storing stormwater, the less efficient it is likely to be 

over time. In order to overcome the BMP removal rate discrepancy, field studies should 

be conducted to test BMPs near areas where they are being considered for 

implementation and over a period of several years.  

Despite difficulties finding corresponding sets of data, constraints associated with 

the spatial arrangement of the study area, and generalized BMP removal efficiency data; 

the overall methodology of this study remains significant. The steps that led to BMP 

prioritization are the same that could be used with site-specific data collected in the field. 

The limitations in this study primarily influenced the test results of BMPs, but this 

situation could be avoided in future studies by testing various neighborhoods with 
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differing spatial arrangements and by field testing the removal efficiency of BMPs under 

specified contextual circumstances.  

 
 

Future Research 

 
 This study begins to address the gap between the world of science and the world 

of design and planning. However, there is a great deal more work that needs to be done in 

this area, specifically in terms of stormwater management systems that function across 

multiple spatial scales. This study developed a methodology through which site-specific 

decisions can be made within the context of a neighborhood analysis of phosphorus 

loading. In future studies, this methodology needs to be expanded across entire drainage 

basins and then entire watersheds. Only then can we truly determine how regional 

hydrology systems can be impacted by site-specific intervention.  

 While future research should focus on applying the methodology developed in 

this study to more extensive spatial scales, there are closely related studies that could 

benefit the existing pool of knowledge related to phosphorus reduction through 

stormwater management. Future studies should include evaluation and recommendations 

for construction practices in order to reduce phosphorus loading as well as road 

winterizing practices that contributes less sediment to roadways. Studies related to the 

reduction of phosphorus sources including fertilizers, septic system failures, atmospheric 

deposition, and soil erosion should be incorporated into stormwater management plans 

whenever possible. Stormwater best management practices help to contain phosphorus 

but they do not remove it from the nutrient cycle. Future research needs to help justify 

policy measures that not only act to contain phosphorus, but help to reduce sources of 
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phosphorus as well. Future studies should test the impacts of reducing or eliminating 

fertilizers in non-agricultural areas, test the amount of nutrients released in both 

functional and non-functional septic systems in a wide variety of soil types and climates, 

test automobile and industrial combustion generation and provide suggestions for 

atmospheric reductions in phosphates. Finally, future studies should determine how 

phosphorus runoff could be reduced through construction best management practices and 

winter weather road treatment practices.  

 As previously mentioned, stormwater BMPs need to be monitored after 

construction in order to better inform future stormwater management plans. Currently, 

monitoring is not incorporated into design, construction, and maintenance plans due to 

lack of knowledge, expense and fear of penalization. Not all property owners recognize 

that stormwater BMPs are useful not only for mitigating runoff and pollution, but also for 

informing future design and maintenance recommendations. Along with this lack of 

knowledge, the additional expense associated with monitoring often prevents designers 

from including monitoring in bids for projects. Finally, many property owners choose not 

to incorporate monitoring into stormwater management systems because they do not want 

to be held accountable for system failures or inefficiencies. Future research needs to not 

only pursue the discrepancies in the monitoring process, but also the kind of educational 

programs and regulatory incentives that could be used to make monitoring more palatable 

to property owners.  

In order to avoid stormwater BMP monitoring discrepancies, monitoring should 

follow guidelines set by reputable institutions like the International Stormwater BMP 

Database or the US EPA. BMP removal efficiency rates are subject to error if monitoring 
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does not follow a set standard and are likely to vary depending on contextual 

circumstances like climate and development densities. As a result, more monitoring 

across a variety of climates and development densities would contribute considerably to 

the field of knowledge related to BMP design and recommendations. Along with weather 

and pollutant data, BMP monitoring should also include maintenance schedules, 

community perception, and habitat quality of the given BMP. While the removal 

efficiency of the BMP is important, the ability of the BMP to fit within the ecological and 

cultural context of its surroundings is critical to its multifunctionality and longevity.  

If each newly constructed BMP is treated as a design experiment, then the data 

collected from each can be used to improve future design and maintenance plans while 

building a case for making stormwater BMP implementation policies. We must not rely 

on traditional design and construction practices if we are ever going to truly change the 

interface between nature and the built environment in a positive way. Therefore, we must 

change our mindset about design and planning to incorporate more flexibility, to create 

designs and planning initiatives that can change as we collect more information and learn 

about how people and nature react to our work.  
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APPENDIX 

DATA SETS AND MODEL RESULTS 

 

Table App.1  Weather Data used in BasinSim 1.0 model (NCDC, 2011). 
 
 

April 2006  
Mean Daily Temp in C Daily Precipitation in cm 

0 0 
2.78 0.0508 

6.672 0.5334 
2.78 0.762 

-0.556 0 
0.556 0.4572 
1.668 0 
1.112 0.8636 
1.112 0 

-0.556 0.5588 
5.004 0 
3.892 3.6576 

10.564 0 
6.672 0 
11.12 0 
19.46 0 

15.012 0 
1.668 0 
4.448 0 
7.784 0 
8.896 0 
11.12 0.2286 
8.896 1.6764 
7.784 0 
4.448 0 

12.788 0.0762 
8.896 2.5146 

11.676 0 
16.124 0 
17.236 0 

May 2006  
Mean Daily Temp in C Daily Precipitation in cm 

7.228 0.1778 
9.452 0 
8.34 2.032 

8.896 0 
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13.344 0 
14.456 0 
17.792 0 
19.46 0 

15.012 0 
12.788 0.6096 
16.124 0 
15.012 0 
11.676 1.27 
7.784 6.1468 

10.564 0 
10.564 0 
20.572 0.1778 
14.456 0.9652 
3.336 2.6924 
8.34 0 

7.228 0 
9.452 0 

13.344 0 
16.68 0 
19.46 0 

14.456 0 
15.012 0 
20.572 0 
19.46 3.7338 
19.46 0.254 

22.796 0.0762 
June 2006  
Mean Daily Temp in C Daily Precipitation in cm 

20.572 1.016 
21.684 0.0508 
15.012 0 
13.344 0 
18.348 0 
20.016 2.1082 
16.124 2.8448 
8.896 0.6858 
13.9 0 

20.572 0 
19.46 0 
22.24 0 

12.232 0.1524 
15.012 0 
15.012 1.4732 
11.12 0.381 

15.012 1.0414 
17.236 0.5842 



 

 126 
 

18.348 0 
19.46 0 

20.016 0 
22.24 0 

23.908 0.4826 
23.352 0 
19.46 0 

23.352 0 
26.688 0 
26.688 0.127 
23.908 0 
23.352 0 

July 2006  
Mean Daily Temp in C Daily Precipitation in cm 

24.464 0 
26.688 0 
28.912 0 
29.468 0 
28.356 0 
21.128 0 
22.796 0 
19.46 0 

24.464 0 
25.576 2.7432 
18.348 0 
16.124 0 
18.904 0 
23.352 0 
23.908 0 
23.352 0 
18.348 0 
24.464 0.254 

27.8 0.6096 
22.796 0 
18.348 0 
22.24 0 

25.576 1.1684 
25.576 0 
16.124 0 
17.236 0 
18.904 0 
18.904 0.635 
21.684 0 
27.244 0 
25.576 0 

August 2006  
Mean Daily Temp in C Daily Precipitation in cm 
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26.132 0 
27.8 0 

26.132 2.3876 
26.132 0 
26.132 0 
26.688 0 
19.46 0 

18.904 0 
18.904 0 
20.572 0 
24.464 0 
26.688 0 

27.8 0 
28.356 0 
29.468 0 
28.356 0 
28.912 0 
28.356 0 
28.356 0 
25.576 1.0922 
20.572 0.635 
22.24 0 

22.796 0.5334 
16.68 0 
16.68 0.4572 

20.572 0 
21.128 0 
21.128 0 
18.904 0.0508 
15.568 3.1242 
18.348 0.0762 

September 2006  
Mean Daily Temp in C Daily Precipitation in cm 

14.456 0 
15.012 0.8636 
17.236 1.8542 
18.348 0.127 
21.684 0 
16.124 0 
17.236 0 
20.572 0 
23.352 0 
26.132 0 
25.576 0 
17.792 0 
15.012 0 
18.904 0 
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23.352 0 
23.352 1.397 
21.128 1.4986 
17.792 0 
18.348 0 
20.016 0 
20.016 0 
22.796 0 
23.908 1.524 
20.572 0 

13.9 0 
16.124 0 
15.568 1.7272 
18.904 0.4826 
13.344 0 
12.788 0 

October 2006  
Mean Daily Temp in C Daily Precipitation in cm 

18.348 0 
21.684 0 
23.908 1.1938 
16.124 0.0762 
17.236 0.3302 
17.792 0 
11.676 0 
12.788 0 
9.452 0 
9.452 0 

13.344 0.0508 
12.788 1.0414 
13.344 1.27 
10.564 0.5334 

5.56 0 
8.34 0 

11.12 2.9718 
12.788 0.0762 
7.228 0 

10.008 0 
7.228 0 
5.004 0 
5.004 0.1524 
2.78 0.7366 

3.892 0 
4.448 0.381 
6.672 3.3782 
8.896 0 
4.448 0 
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3.336 0 
2.224 0 

November 2006  
Mean Daily Temp in C Daily Precipitation in cm 

4.448 0 
2.78 0 

1.112 0 
1.112 0 
3.892 0 
5.004 0 
5.004 0 
1.112 0 
6.672 0 

12.788 0 
16.124 0 

13.9 0 
10.564 0 
4.448 0 
7.228 0 

10.564 0 
2.78 0 
2.78 0 

1.112 0 
1.668 0 
6.116 0 
3.336 0 
5.004 0 
1.668 0 
4.448 0 
3.892 0 
3.892 5.08 
-5.56 7.62 

-6.116 0 
-1.112 2.54 

December 2006  
Mean Daily Temp in C Daily Precipitation in cm 

3.892 0 
-2.224 0 
-2.78 0.762 

-7.784 0 
-5.004 0 
-4.448 0.7112 
-6.672 0 
-2.224 0 
-2.224 0 
-6.672 0 
-2.224 0 
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-1.112 3.3274 
0 0.0762 

2.224 2.2606 
5.56 3.2512 

4.448 0 
-3.336 0.5334 
-7.228 0 
-3.336 0 

0 0.0508 
7.784 3.429 
2.78 0 

4.448 0 
3.336 0 
1.668 0 

0 3.1496 
-4.448 0 
-2.78 0 
-2.78 0 

-1.112 0 
-2.224 0 

January 2007  
Mean Daily Temp in C Daily Precipitation in cm 

2.78 0.1524 
1.112 2.2352 
-2.78 0 

-1.112 3.9624 
-5.004 0.2032 
-3.892 0.0508 
-3.336 0.2794 
-5.004 0.0254 
-1.668 0 

2.78 0.0508 
-2.78 0 

-4.448 0 
-3.892 0 
-3.336 0 
-8.896 0 
-8.896 0 
-6.116 0.0254 

-10.008 0 
-13.344 0 
-11.12 0 
-8.896 0 

-10.564 0 
-12.232 0 
-12.788 0 
-10.008 0 
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-7.784 0 
-5.56 0 

-12.788 0 
-11.676 0 
-7.784 0 
-7.228 0 

February 2007  
Mean Daily Temp in C Daily Precipitation in cm 

0.556 0 
0.556 5.08 
2.224 2.54 
4.448 0 
3.336 0 

-5.004 0 
-5.004 2.54 
-8.34 25.4 

-7.228 0 
-3.336 0 
-2.78 2.54 

-8.896 0 
-9.452 2.54 

-13.344 0 
-12.232 0 
-11.676 0 
-12.788 0 
-7.784 50.8 
-5.004 0 
-1.668 0 

0 0 
6.672 0 
3.336 0 

-1.112 0 
-1.112 0 
-9.452 0 
-8.896 0 
-7.228 0 

March 2007  
Mean Daily Temp in C Daily Precipitation in cm 

-5.004 0 
0 0.0508 

-2.224 2.6924 
-11.676 0 
-7.228 0 
3.336 0 

-10.008 1.0922 
-4.448 0 
3.892 0 
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-1.112 0 
-6.672 0 
-3.336 0 

5.56 0 
-3.892 0.8128 
-3.336 0 
2.224 0 
7.784 0 

11.676 0 
6.672 0 

-1.112 0 
3.892 1.6256 

12.788 0.0762 
9.452 0 
6.672 0 
7.784 0 
7.228 0 

12.232 0.0508 
7.228 0 
9.452 0.0762 
13.9 3.3782 

3.892 1.8796 
April 2007  
Mean Daily Temp in C Daily Precipitation in cm 

0 0 
2.78 0.0508 

6.672 0.5334 
2.78 0.762 

-0.556 0 
0.556 0.4572 
1.668 0 
1.112 0.8636 
1.112 0 

-0.556 0.5588 
5.004 0 
3.892 3.6576 

10.564 0 
6.672 0 
11.12 0 
19.46 0 

15.012 0 
1.668 0 
4.448 0 
7.784 0 
8.896 0 
11.12 0.2286 
8.896 1.6764 
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7.784 0 
4.448 0 

12.788 0.0762 
8.896 2.5146 

11.676 0 
16.124 0 
17.236 0 

May 2007  
Mean Daily Temp in C Daily Precipitation in cm 

14.456 0 
13.344 0.2794 
16.68 0 

10.008 0 
11.12 0 
13.9 0.0508 

11.676 0.0762 
17.792 0.127 
9.452 0.3556 

12.232 0 
14.456 0 

13.9 0.3302 
10.564 0.381 
12.232 0 
11.676 0 

13.9 0 
8.34 0 

6.672 0 
12.232 0 
17.792 0 
19.46 0 

15.568 0.3048 
11.676 0.8128 
9.452 0.2286 
8.896 0.4064 

11.676 0 
10.564 6.1976 

13.9 0 
15.568 1.4224 
17.236 0 
17.792 0 

June 2007  
Mean Daily Temp in C Daily Precipitation in cm 

16.68 1.397 
12.232 3.175 

13.9 0 
16.124 0 
14.456 0.762 
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14.456 0 
20.572 0 
17.236 1.1938 
17.236 0 
17.236 0 
20.016 0 
20.016 0.0508 
18.348 1.1684 
15.012 0.8636 
18.904 0 
19.46 0 

14.456 0 
17.236 0 
16.124 0.7874 
19.46 0 

17.792 0 
18.348 2.2352 
15.012 6.3246 
20.016 0 
24.464 0 
26.688 0 
28.356 0 
25.576 0 
22.796 0 
23.352 0 

July 2007  
Mean Daily Temp in C Daily Precipitation in cm 

21.128 0 
21.128 0 
22.796 0 
22.24 0 

26.688 0 
27.8 0 

25.02 0 
26.132 0 
24.464 0 
18.904 0.254 
21.128 0 
18.348 0.127 
22.24 0 
22.24 0 

21.684 0 
22.24 0 
22.24 0.381 

22.796 0 
22.24 1.8288 

20.572 0 
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22.24 0 
23.908 0 
25.576 2.413 
25.02 1.5494 

22.796 0 
23.352 0 
23.908 0 
25.02 0 

23.352 0 
22.24 0 
22.24 0 

August 2007  
Mean Daily Temp in C Daily Precipitation in cm 

22.24 0 
19.46 2.54 

22.796 0.1016 
26.688 0.0762 
25.576 0.6604 
25.02 0.127 

24.464 0 
23.908 4.1148 
23.352 0.1524 
25.02 0 

25.576 0.508 
26.688 1.3462 
26.132 0.0508 
25.02 0 

24.464 0 
25.02 0 

26.132 0 
20.016 0 
20.016 1.8542 
23.352 0 
25.02 0 
25.02 0 

24.464 0.9144 
17.792 0 
16.68 0 

20.572 0 
22.24 0 

20.572 0 
17.236 0 
23.908 0 
18.348 0 

September 2007  
Mean Daily Temp in C Daily Precipitation in cm 

16.68 0 
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16.68 1.9558 
16.124 0.508 
18.348 0.5842 
18.904 0.9144 
18.348 0 
17.236 0 
18.904 0 
17.236 0 
11.676 0 
16.68 0 

17.792 0 
17.236 0 
18.904 0 
23.352 0 
23.352 2.794 
18.348 0.1016 
17.792 0 
17.236 0.0254 
21.684 1.4986 
20.572 0 
18.348 0 
18.348 0 
15.568 3.2004 
16.124 0 
17.792 0 
18.348 0 
21.128 0 
16.68 0 

13.344 0 
October 2007  
Mean Daily Temp in C Daily Precipitation in cm 

11.12 0 
12.232 0 
9.452 0 
8.34 0 

10.008 0 
7.228 0 
7.228 0 
8.34 0 
13.9 0 

16.68 0 
13.9 0 

14.456 0 
12.788 1.5494 
11.676 0 
10.564 3.4036 
10.564 0 
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9.452 0 
8.34 0.3302 

6.116 0 
1.112 0.0762 
6.116 0 

13.344 0.4572 
3.892 0.2794 
2.78 0.0762 

1.668 0 
5.56 0 

16.124 2.2098 
12.788 1.6764 
12.232 3.3782 
12.232 2.4384 

8.34 0 
November 2007  
Mean Daily Temp in C Daily Precipitation in cm 

11.676 0 
18.348 0 
15.012 0.2032 
17.792 0.0762 
7.784 0 
8.34 1.0414 

10.564 0.0508 
8.896 0 

-1.668 0 
-1.668 0 
1.112 0 
2.78 0.5334 

10.564 0.508 
6.672 0 
2.224 0 
1.112 0 
2.78 0 
2.78 0.0762 

7.228 0 
12.232 0.6096 
8.896 0.9398 
5.004 0.1524 
6.116 0 
4.448 0 
5.004 0.4826 
1.668 0 
2.78 0 

6.672 0 
11.12 15.24 
5.004 0 
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December 2007  
Mean Daily Temp in C Daily Precipitation in cm 

5.004 0 
3.892 0 

-4.448 0 
-6.116 0 
-3.336 0 
-5.004 0.762 
-4.448 2.4892 
-2.78 0.3302 
-5.56 0 

-4.448 0 
3.336 0 
6.116 3.5814 

0 0 
-5.004 0 
-2.78 5.08 
-2.78 0 

0 0 
6.672 2.4384 
0.556 0 

-0.556 0 
-2.224 0 
-3.336 0 
5.004 0 
7.228 0 

10.564 1.4478 
3.892 0 
1.668 0 
1.668 0 
3.336 0 
7.228 0 
6.672 0 

January 2008  
Mean Daily Temp in C Daily Precipitation in cm 

3.892 0 
1.668 0 

0 0.1778 
5.004 0.6858 
4.448 1.4224 

-1.112 0.6096 
-5.004 0 
-8.896 0 

-11.676 0 
-15.568 0 
-15.012 0 
-11.12 0.1524 
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-2.78 0 
-7.784 0 
-16.68 0 

-17.236 0 
-16.124 0 
-3.892 0 
-3.336 0.5334 
-7.784 0 
-7.784 0 
-6.672 0 
-5.004 0 

-10.564 0 
-12.788 0 
-12.788 0 
-11.12 0 
-7.228 0.0762 
-6.116 0.6096 
-6.672 0 
-8.34 0 

February 2008  
Mean Daily Temp in C Daily Precipitation in cm 

-6.672 0 
-6.116 0 
-4.448 0 
0.556 1.397 
0.556 0 

-0.556 0 
-0.556 3.0988 
-2.224 0 
-5.56 0 
0.556 0 
1.668 0 
-2.78 0 

-2.224 0 
0.556 0 

0 0 
-9.452 0 
-7.228 0 
-4.448 0 
-2.224 0 
-0.556 0 
0.556 0 
2.78 0.0762 

1.668 0 
0.556 0 

-1.668 0 
0 0 
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0.556 0 
1.668 0 
3.336 0 

March 2008  
Mean Daily Temp in C Daily Precipitation in cm 

4.448 0 
8.34 0 

11.12 0 
6.672 0.1524 
5.004 0.0508 
7.228 0.7366 
6.116 0 
5.56 0 

-1.112 0.7366 
-1.112 0 
2.224 0 
3.336 0 
2.78 0.0508 

-0.556 0 
-0.556 0 
3.892 0 

0 1.7018 
-3.336 0.1524 
-0.556 0.0508 
-5.004 0 
-0.556 1.27 
1.668 0 

-3.892 0 
0 0 

6.672 0 
10.008 0 
13.344 0.4064 
12.232 0 
2.224 0 
3.892 0 
5.56 0 

April 2008  
Mean Daily Temp in C Daily Precipitation in cm 

5.004 5.334 
5.004 1.1176 
3.892 0.0508 
5.004 0.0508 
4.448 0.6096 
2.78 0 

5.004 0 
5.56 0 

7.228 0 
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8.34 0 
8.34 0 

7.228 0 
7.784 1.0414 
11.12 6.096 

10.008 1.524 
7.228 0.3048 
7.228 0 

15.012 0 
13.9 0 

20.016 0 
12.232 0 
11.676 0 
18.904 1.27 
7.784 1.3716 

10.008 0 
8.34 0.4318 

10.008 2.5908 
13.344 0.2794 
8.896 0 

16.124 0 
 

 
 

Table App.2  Characteristics of the land cover types within the 37 catchments 
studied that were used to create the transport file for the BasinSim 1.0 model. Soil 
curve numbers were first based on data suggested in the BasinSim 1.0 User Guide 

(Dia et al., 2000). The soil curve numbers in this table represent those used after the 
model was calibrated to local stream monitoring data. 

 
Land Cover Type Percentage Hectares Soil Curve Number 
Low Density Residential 7.368 332.432 75 
Very Low Density Residential 1.005 45.354 70 
Medium Density Residential 13.396 604.391 80 
Forest 44.821 2022.138 60 
Cropland 0.093 4.199 81 
Industrial 2.517 113.554 85 
Non-Forested Wetland 3.466 156.389 100 
Water 3.589 161.932 100 
Forested Wetland 5.049 227.780 60 
Commercial 2.305 103.979 85 
Transitional 0.458 20.661 85 
High Density Residential 3.995 180.242 85 
Multi-Family Residential 4.215 190.153 85 
Pasture 0.350 15.790 75 



 

 142 
 

Urban Public/Institutional 0.841 37.963  
Junkyard 0.249 11.255 88 
Participation Recreation 0.920 41.491 69 
Brushland/Successional 0.119 5.375 48 
Open Land 0.383 17.302 69 
Transportation 1.631 73.575 85 
Powerline/Utility 1.940 87.517 75 
Mining 0.551 24.861 85 
Waste Disposal 0.261 11.759 75 
Cemetery 0.458 20.661 69 
Water-Based Recreation 0.019 0.840 100 

 

 
 

Table App.3  The phosphorus loading data used to create the nutrient input file 
used in the BasinSim 1.0 model. Phosphorus loading estimates are based on 

estimates found in the BasinSim 1.0 User Guide (Dia et al., 2000).  
 

Land Cover Type P (mg/L) estimated runoff 
Low Density Residential 0.006 
Very Low Density Residential 0.006 
Medium Density Residential 0.015 
Forest 0.130 
Cropland 0.260 
Industrial 0.013 
Non-Forested Wetland 0.000 
Water 0.000 
Forested Wetland 0.040 
Commercial 0.009 
Transitional 0.006 
High Density Residential 0.019 
Multi-Family Residential 0.019 
Pasture 0.250 
Urban Public/Institutional 0.009 
Junkyard 0.013 
Participation Recreation 0.006 
Brushland/Successional 0.080 
Open Land 0.006 
Transportation 0.013 
Powerline/Utility 0.013 
Mining 0.013 
Waste Disposal 0.013 
Cemetery 0.006 
Water-Based Recreation 0.000 



 

 143 
 

 

Table App.4  Estimation of the number of households using septic systems within 
the 37-catchment study area. Housing units are based on 2000 Census Data (1US 

Census Bureau, 2009). Septic system estimates based on information available from 
Sewer Departments, Public Health Departments, Public Works Departments, and 
Water Departments in the towns listed below (personal communication, March 28, 

2011-March 30, 2011). 
 
Town Hopkinton Holliston Milford Hopedale Bellingham Mendon 
Housing Units 
in Town 4548.00 4868.00 10713.00 2289.00 5642.00 1886.00 
Area in 
Watershed in 
Acres 1321.25 86.22 6326.88 633.84 2606.84 178.40 
Percentage of 
Watershed 
Area 0.12 0.01 0.57 0.06 0.23 0.02 
Estimated 
Number of 
Housing Units 
in Watershed 539.02 37.65 6080.00 130.15 1319.32 30.18 
Percentage of 
Houses on 
Sewer 
System in 
Town 0.35 1.00 0.90  0.27  
Estimated 
Number of 
Houses on 
Sewer 
System in 
Town 188.66 37.65 5472.00 0.00 356.22 0.00 
Percentage of 
Houses on 
Septic 
Systems 0.65 0.00 0.10 0.00 0.73 0.00 
Number of 
Houses on 
Septic 
Systems 350.37 0.00 608.00 130.15 963.10 30.18 
Estimated 
number of 
Septic 
Systems in 
Watershed 2081.80      
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Table App.5  Phosphorus loading assessment of each of the 37 catchments within 
the initial BasinSim 1.0 analysis. Data for each catchment includes percentages of 

various land cover types as well as runoff, sediment, erosion, nitrogen loading, and 
phosphorus loading  estimates. 

 
 

Catchment Forest (%) 
Cropland 
(%) 

NonForested 
Wetland (%) Water (%) 

Forested 
Wetland (%) 

1 0.4057 0.0000 0.0215 0.0000 0.0107 
2 0.6184 0.0008 0.0300 0.0067 0.0242 
3 0.4799 0.0000 0.0104 0.0314 0.0523 
4 0.4467 0.0000 0.0000 0.3305 0.0000 
5 0.4573 0.0000 0.0722 0.0481 0.0000 
6 0.4918 0.0000 0.1311 0.0000 0.0000 
7 0.2110 0.0000 0.0109 0.0015 0.0673 
8 0.5045 0.0000 0.0691 0.1121 0.0349 
9 0.5904 0.0000 0.0884 0.0285 0.0086 

10 0.0087 0.0000 0.1072 0.0087 0.0130 
11 0.6129 0.0000 0.0319 0.0437 0.1035 
12 0.4258 0.0000 0.1538 0.0000 0.0922 
13 0.4820 0.0000 0.0400 0.0000 0.0000 
14 0.6334 0.0000 0.0439 0.0000 0.0000 
15 0.4474 0.0000 0.1126 0.0000 0.0739 
16 0.2397 0.0000 0.0364 0.0007 0.0140 
17 0.1324 0.0000 0.0214 0.0000 0.0602 
18 0.1114 0.0000 0.0127 0.0000 0.0000 
19 0.0481 0.0000 0.0884 0.0819 0.0026 
20 0.1138 0.0000 0.0009 0.0019 0.0000 
21 0.1193 0.0000 0.0000 0.0000 0.0076 
22 0.1516 0.0000 0.0256 0.0709 0.0000 
23 0.5197 0.0000 0.0411 0.2129 0.0572 
24 0.5476 0.0000 0.0099 0.0298 0.0186 
25 0.2450 0.0000 0.0631 0.0526 0.0184 
26 0.3509 0.0069 0.0227 0.0000 0.0653 
27 0.3348 0.0000 0.0447 0.0116 0.0856 
28 0.8587 0.0000 0.0130 0.0039 0.0532 
29 0.8826 0.0000 0.0000 0.0000 0.0308 
30 0.8034 0.0000 0.0000 0.0000 0.1966 
31 0.6617 0.0000 0.0080 0.0000 0.1947 
32 0.7345 0.0000 0.0135 0.0000 0.1557 
33 0.7723 0.0000 0.0213 0.0570 0.1092 
34 0.6271 0.0000 0.0228 0.0049 0.0751 
35 0.3908 0.0000 0.0336 0.0037 0.0813 
36 0.5681 0.0000 0.0000 0.1248 0.0489 
37 0.4644 0.0061 0.0082 0.0900 0.0777 
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Catchment Pasture (%) 

Brushland/ 
Successional 
(%) 

Open 
Land (%) 

Cemetery 
(%) 

Water Based 
Recreation 
(%) 

1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0141 0.0000 0.0150 0.0000 0.0000 
3 0.0482 0.0000 0.0083 0.0000 0.0000 
4 0.0000 0.0000 0.0000 0.0000 0.0000 
5 0.0000 0.0000 0.0241 0.0000 0.0000 
6 0.0000 0.0000 0.0000 0.0000 0.0000 
7 0.0000 0.0000 0.0094 0.0000 0.0000 
8 0.0124 0.0012 0.0050 0.0000 0.0000 
9 0.0124 0.0000 0.0071 0.0000 0.0000 

10 0.0065 0.0000 0.0000 0.0000 0.0000 
11 0.0006 0.0043 0.0000 0.0000 0.0000 
12 0.0000 0.0000 0.0000 0.0000 0.0000 
13 0.0120 0.0000 0.0080 0.0000 0.0000 
14 0.0000 0.0000 0.0000 0.0000 0.0000 
15 0.0000 0.0000 0.0034 0.0000 0.0000 
16 0.0000 0.0021 0.0000 0.0364 0.0035 
17 0.0000 0.0000 0.0000 0.0000 0.0000 
18 0.0000 0.0000 0.0000 0.0000 0.0000 
19 0.0000 0.0000 0.0104 0.0091 0.0000 
20 0.0000 0.0000 0.0000 0.0000 0.0000 
21 0.0000 0.0000 0.0000 0.0000 0.0000 
22 0.0000 0.0000 0.0000 0.0000 0.0000 
23 0.0000 0.0000 0.0000 0.0000 0.0000 
24 0.0000 0.0000 0.0037 0.0148 0.0000 
25 0.0000 0.0000 0.0000 0.1371 0.0000 
26 0.0000 0.0000 0.0035 0.0000 0.0000 
27 0.0000 0.0000 0.0000 0.0000 0.0000 
28 0.0000 0.0000 0.0181 0.0000 0.0000 
29 0.0000 0.0000 0.0000 0.0000 0.0000 
30 0.0000 0.0000 0.0000 0.0000 0.0000 
31 0.0000 0.0000 0.0000 0.0000 0.0000 
32 0.0000 0.0000 0.0000 0.0000 0.0000 
33 0.0000 0.0142 0.0000 0.0000 0.0000 
34 0.0000 0.0032 0.0049 0.0000 0.0000 
35 0.0000 0.0009 0.0000 0.0000 0.0000 
36 0.0008 0.0000 0.0000 0.0000 0.0000 
37 0.0000 0.0092 0.0010 0.0000 0.0000 
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Catchment 

Participation 
Recreation 
(%) 

Junkyard 
(%) 

Transportation 
(%) 

Powerline 
Utility (%) 

Mining 
(%) 

1 0.0000 0.0000 0.0054 0.0000 0.0000 
2 0.0000 0.0000 0.0000 0.0375 0.0033 
3 0.0083 0.0692 0.0000 0.0921 0.0000 
4 0.0000 0.0000 0.0000 0.0000 0.0000 
5 0.0000 0.0000 0.0143 0.0143 0.0000 
6 0.0000 0.0000 0.0328 0.0000 0.0000 
7 0.0220 0.0000 0.0000 0.0000 0.0000 
8 0.0000 0.0050 0.0043 0.0025 0.0666 
9 0.0005 0.0100 0.0090 0.0509 0.0000 

10 0.0000 0.0000 0.0109 0.0000 0.0000 
11 0.0000 0.0000 0.0000 0.0240 0.0000 
12 0.0000 0.0000 0.0306 0.0000 0.0000 
13 0.0401 0.0000 0.0040 0.0000 0.0000 
14 0.0000 0.0000 0.0000 0.0000 0.0000 
15 0.0000 0.0000 0.0211 0.0000 0.0000 
16 0.0042 0.0000 0.0035 0.0182 0.0098 
17 0.0200 0.0000 0.0053 0.0133 0.0000 
18 0.0190 0.0000 0.0000 0.0000 0.0000 
19 0.1053 0.0000 0.0078 0.0000 0.0000 
20 0.0415 0.0000 0.0000 0.0000 0.0000 
21 0.0000 0.0000 0.0000 0.0000 0.0000 
22 0.0039 0.0000 0.0000 0.0000 0.0000 
23 0.0137 0.0000 0.0000 0.0000 0.0000 
24 0.0000 0.0000 0.1419 0.0983 0.0286 
25 0.0895 0.0000 0.0210 0.0000 0.0000 
26 0.0005 0.0000 0.0000 0.0465 0.0000 
27 0.0000 0.0000 0.0175 0.1265 0.0000 
28 0.0000 0.0000 0.0233 0.0000 0.0000 
29 0.0000 0.0000 0.0000 0.0000 0.0000 
30 0.0000 0.0000 0.0000 0.0000 0.0000 
31 0.0000 0.0000 0.0000 0.0000 0.0000 
32 0.0000 0.0000 0.0000 0.0000 0.0000 
33 0.0000 0.0000 0.0000 0.0000 0.0000 
34 0.0090 0.0000 0.0931 0.0000 0.0000 
35 0.0000 0.0000 0.1056 0.0000 0.0000 
36 0.0000 0.0000 0.0000 0.0000 0.0000 
37 0.0020 0.0051 0.0000 0.0000 0.0000 
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Catchment 
Waste 
Disposal (%) 

Low Density 
Residential 
(%) 

Very Low 
Density 
Residential 
(%) 

Medium 
Density 
Residential 
(%) 

Industrial 
(%) 

1 0.0000 0.1399 0.0026 0.2368 0.0000 
2 0.0000 0.0807 0.0091 0.0459 0.0350 
3 0.0000 0.0168 0.0062 0.0168 0.1205 
4 0.0000 0.2036 0.0000 0.0000 0.0192 
5 0.0000 0.0095 0.0384 0.0335 0.2742 
6 0.0000 0.0328 0.0000 0.1311 0.1803 
7 0.0000 0.0157 0.0078 0.1290 0.0000 
8 0.0000 0.0180 0.0081 0.0816 0.0068 
9 0.0000 0.0561 0.0147 0.0494 0.0385 

10 0.0000 0.1226 0.0525 0.6218 0.0460 
11 0.0000 0.0720 0.0037 0.0240 0.0332 
12 0.1744 0.1231 0.0000 0.0000 0.0000 
13 0.0600 0.2140 0.0000 0.0840 0.0379 
14 0.0000 0.0971 0.0000 0.1786 0.0000 
15 0.0211 0.0388 0.0141 0.2677 0.0000 
16 0.0000 0.0897 0.0336 0.1654 0.0028 
17 0.0000 0.0000 0.0000 0.2380 0.0856 
18 0.0000 0.0000 0.0000 0.5640 0.0190 
19 0.0000 0.0091 0.0000 0.0794 0.0650 
20 0.0000 0.0000 0.0009 0.4283 0.0000 
21 0.0000 0.0126 0.0000 0.4341 0.0000 
22 0.0000 0.0039 0.0089 0.6084 0.0551 
23 0.0000 0.0732 0.0182 0.0411 0.0000 
24 0.0000 0.0000 0.0074 0.0000 0.0148 
25 0.0000 0.0000 0.0000 0.0078 0.1740 
26 0.0000 0.0406 0.0040 0.3845 0.0030 
27 0.0000 0.1421 0.0000 0.1265 0.0000 
28 0.0000 0.0156 0.0012 0.0000 0.0000 
29 0.0000 0.0559 0.0308 0.0000 0.0000 
30 0.0000 0.0000 0.0000 0.0000 0.0000 
31 0.0000 0.1356 0.0000 0.0000 0.0000 
32 0.0000 0.0693 0.0186 0.0000 0.0000 
33 0.0000 0.0070 0.0190 0.0000 0.0000 
34 0.0000 0.1420 0.0122 0.0000 0.0032 
35 0.0000 0.2047 0.0037 0.1028 0.0691 
36 0.0000 0.2304 0.0244 0.0000 0.0000 
37 0.0000 0.2383 0.0348 0.0194 0.0000 
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Catchment 
Commercial 
(%) 

High 
Density 
Residential 
(%) 

Multifamily 
Residential 
(%) 

Urban Pulblic 
Institutional 
(%) 

Transitional 
(%) 

1 0.0538 0.0403 0.0376 0.0457 0.0000 
2 0.0083 0.0141 0.0567 0.0000 0.0000 
3 0.0376 0.0000 0.0020 0.0000 0.0000 
4 0.0000 0.0000 0.0000 0.0000 0.0000 
5 0.0095 0.0000 0.0046 0.0000 0.0000 
6 0.0000 0.0000 0.0000 0.0000 0.0000 
7 0.0000 0.4660 0.0420 0.0173 0.0000 
8 0.0037 0.0579 0.0056 0.0006 0.0000 
9 0.0276 0.0000 0.0014 0.0033 0.0033 

10 0.0000 0.0021 0.0000 0.0000 0.0000 
11 0.0246 0.0000 0.0000 0.0000 0.0215 
12 0.0000 0.0000 0.0000 0.0000 0.0000 
13 0.0179 0.0000 0.0000 0.0000 0.0000 
14 0.0470 0.0000 0.0000 0.0000 0.0000 
15 0.0000 0.0000 0.0000 0.0000 0.0000 
16 0.0862 0.1030 0.1220 0.0280 0.0007 
17 0.1204 0.0976 0.1859 0.0200 0.0000 
18 0.0317 0.0000 0.2294 0.0000 0.0127 
19 0.0507 0.1783 0.2056 0.0585 0.0000 
20 0.0250 0.1775 0.1514 0.0588 0.0000 
21 0.0152 0.2437 0.1269 0.0406 0.0000 
22 0.0148 0.0000 0.0512 0.0009 0.0049 
23 0.0229 0.0000 0.0000 0.0000 0.0000 
24 0.0846 0.0000 0.0000 0.0000 0.0000 
25 0.1177 0.0000 0.0000 0.0000 0.0738 
26 0.0000 0.0000 0.0688 0.0005 0.0024 
27 0.0000 0.0000 0.0817 0.0291 0.0000 
28 0.0000 0.0000 0.0000 0.0000 0.0130 
29 0.0000 0.0000 0.0000 0.0000 0.0000 
30 0.0000 0.0000 0.0000 0.0000 0.0000 
31 0.0000 0.0000 0.0000 0.0000 0.0000 
32 0.0000 0.0000 0.0068 0.0000 0.0016 
33 0.0000 0.0000 0.0000 0.0000 0.0000 
34 0.0000 0.0000 0.0000 0.0000 0.0024 
35 0.0009 0.0000 0.0000 0.0000 0.0028 
36 0.0000 0.0000 0.0000 0.0026 0.0000 
37 0.0020 0.0153 0.0215 0.0051 0.0000 
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Catchment 

Annual 
Runoff 
(cm) 

Annual 
Erosion 
(t/h) 

Annual 
Sediment 
(1000 t) Dis. N (t) 

Total N 
(t) 

1 37.2200 0.2700 0.0100 0.0866 0.1264 
2 31.4400 1.3700 0.0500 0.1040 0.2321 
3 39.8600 0.4100 0.0100 0.0931 0.1457 
4 63.3800 0.0400 0.0000 0.0824 0.0855 
5 45.6400 0.2000 0.0100 0.0844 0.1097 
6 40.2700 0.0700 0.0000 0.0827 0.0902 
7 49.7000 0.2500 0.0100 0.0882 0.1663 
8 46.4000 1.6400 0.0500 0.1058 0.2646 
9 35.9100 2.5100 0.0800 0.1167 0.3412 

10 50.2300 0.1100 0.0000 0.0862 0.1197 
11 31.6800 1.8500 0.0600 0.1073 0.2590 
12 33.5300 0.2100 0.0100 0.0846 0.1045 
13 31.6300 0.4500 0.0100 0.0901 0.1358 
14 29.9700 0.3800 0.0100 0.0868 0.1184 
15 34.5700 0.29 0.0100 0.0858 0.1119 
16 46.1400 0.7100 0.0200 0.0968 0.2560 
17 53.0100 0.2100 0.0100 0.0885 0.1759 
18 51.4700 0.0700 0.0000 0.0846 0.1139 
19 63.7300 0.2100 0.0100 0.0869 0.1885 
20 51.7200 0.2100 0.0100 0.0909 0.2184 
21 52.6200 0.0800 0.0000 0.0853 0.1320 
22 53.9700 0.3200 0.0100 0.0906 0.1721 
23 50.4200 0.4300 0.0100 0.0871 0.1197 
24 40.5500 0.7800 0.0300 0.0927 0.1899 
25 48.6700 0.2100 0.0100 0.0857 0.1228 
26 38.0500 1.3600 0.0400 0.1100 0.2917 
27 39.4200 0.3500 0.0100 0.0882 0.1433 
28 21.1500 1.1700 0.0400 0.0961 0.1783 
29 19.3000 0.2400 0.0100 0.0849 0.1013 
30 17.6400 0.4200 0.0100 0.0876 0.1152 
31 20.4100 0.1400 0.0000 0.0840 0.0939 
32 20.2600 0.7700 0.0300 0.0926 0.1464 
33 26.1800 0.5800 0.0200 0.0892 0.1279 
34 27.3500 1.3900 0.0500 0.1015 0.2222 
35 35.9400 0.8100 0.0300 0.0960 0.1974 
36 37.7300 1.1300 0.0400 0.0983 0.1859 
37 37.0500 0.8200 0.0300 0.0964 0.1710 
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Catchment Dis. P (t) Total P (t) 
Average 
Slope (%) 

Total Area 
Hectares 

1 0.0463 0.0560 4.98 61.3600 
2 0.0470 0.0911 5.69 201.4500 
3 0.0467 0.0615 4.28 80.5300 
4 0.0462 0.0473 3.32 8.3500 
5 0.0462 0.0533 4.73 34.9000 
6 0.0462 0.0485 4.73 10.3700 
7 0.0463 0.0607 3.02 107.0600 
8 0.0471 0.1007 4.72 267.8900 
9 0.0475 0.1266 4.52 344.9100 

10 0.0463 0.0526 3.18 75.9400 
11 0.0496 0.1040 6.70 272.9300 
12 0.0462 0.0530 4.58 32.9700 
13 0.0465 0.0614 5.75 82.5100 
14 0.0463 0.0581 6.17 53.5800 
15 0.0463 0.0554 5.08 46.9600 
16 0.0466 0.0789 4.76 239.9000 
17 0.0463 0.0606 5.89 125.9500 
18 0.0462 0.0512 5.73 51.9700 
19 0.0463 0.0611 2.82 128.9200 
20 0.0464 0.0636 3.73 174.8900 
21 0.0462 0.0530 5.27 65.9700 
22 0.0464 0.0629 5.07 169.2900 
23 0.0463 0.0593 3.60 72.9500 
24 0.0465 0.0743 8.42 134.9200 
25 0.0463 0.0550 7.66 62.8900 
26 0.0470 0.0973 5.83 338.9200 
27 0.0463 0.0595 5.93 85.9400 
28 0.0466 0.0811 7.76 128.9500 
29 0.0462 0.0533 7.07 26.3200 
30 0.0463 0.0584 7.63 49.9900 
31 0.0462 0.0503 4.00 19.9800 
32 0.0465 0.0692 7.28 98.9800 
33 0.0464 0.0633 11.01 69.9600 
34 0.0467 0.0903 7.21 204.9400 
35 0.0466 0.0753 5.17 178.9300 
36 0.0467 0.0807 6.17 191.9700 
37 0.0466 0.0724 3.35 163.9200 
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