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Section 1: Introduction 

1.1 Bellevue Branch  
Bellevue Branch is a creek that runs through the town of Hillsborough, North Carolina as 

a tributary of the Eno River. The creek as well as the Eno River are part of the Upper Neuse river 

basin, flowing from central/northwestern North Carolina to the eastern coast and the Atlantic 

Ocean. As the project for our environment, ecology, and energy program capstone course, we 

have evaluated the watershed of this creek as holistically as possible, covering historical and 

cultural considerations, land uses in the Town of Hillsborough, and contextual water quality to 

produce comprehensive recommendations for improving stream health and utility for the town. 

The following assessment and analysis of Bellevue Branch can serve as a resource for watershed 

stakeholders such as businesses in and residents of Hillsborough and the surrounding areas as 

well as people involved in stewardship for the Upper Neuse and Eno Rivers. 

1.2 The Town of Hillsborough 

Hillsborough is a historic town located in central North Carolina, adjacent to the Eno 

River. The population in 2019 was approximately 7,364 people and the town limits encompass 

3,856 acres (Town of Hillsborough, 2019). Collaboration with the Hillsborough Stormwater 

department to collect and compile data was critical to the construction and success of this report. 

The budget for this department for fiscal year 2019 was $647,000, with a projected budget of 

$653,000 for FY 2020. This figure will be important to consider when evaluating potential 

recommendations and strategies. The town has the potential to improve the health of this water 

body through storm water best management practices, stream conservation efforts, and 



3 

awareness of factors affecting water quality such as runoff, nutrient levels, and physical 

characteristics.  

Section 2: Existing Conditions 

2.1 Physical Characteristics 

 
Figure 1 

 
Bellevue Branch encompasses a total distance of 5.2174 kilometers and the Bellevue 

Branch watershed covers approximately 10.17 square kilometers and cuts through the majority 

of the town of Hillsborough. Figure 2 below depicts the sub watershed of Bellevue Branch in the 

context of larger river basins, namely that of the Upper Neuse.    
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Figure 2. 

 
There is not much data or analysis available about Bellevue Branch because it is a small 

creek, especially in relation to the adjacent Eno River. As such, part of this capstone project 

focused on delineating the specific sub-watershed of Bellevue Branch so that analysis could be 

applied on the appropriate scale. The boundaries of a watershed describe the area of land that 

drains into a water body. A good approximation for a watershed would follow the highest 

ridgeline around stream channels (WVDEP). Delineating the watershed is a necessary step in 

understanding the flow of surface water features and storm water runoff within the watershed 

and how it drains to larger bodies of water. Considering the impacts of surface water flow on the 

downstream environment is crucial in order to develop a comprehensive understanding of water 

quality and stream health/impacts (Guo). The watershed can shape the conditions of a water 

body, especially in relation to how land uses can impact water quality state or even nationwide. 

Watersheds are also important refuges for wildlife. Organisms receive drinking water from local 

watersheds which is usually composed of natural precipitation. This water is susceptible to 
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anthropogenic pollution. As the human population increases, there is an increased amount of 

pollution and contamination that ends up in the watershed (Watershed Analysis). This can take 

the form of waste and byproducts from residential areas as well as agricultural, industrial, and 

commercial industries within the watershed. 

The first step to creating a watershed delineation map is finding the necessary regional 

data. Although there are multiple methods of delineating a watershed, the group decided that the 

most efficient method would be to find a LIDAR DEM File through the North Carolina Flood 

Risk Information System (or FRIS) website. We also used the FRIS site in order to figure out 

what zoning standards Hillsborough has in order to find the correct classification for the area 

around the creek. After downloading the file and verifying that it was an appropriate DEM file 

for the Hillsborough area, we were then able to conduct the watershed delineation. The majority 

of the processing took place in ArcMap software and utilized the Hydrology toolbox in the 

Spatial Analyst Toolset. We first created a depression less DEM model using the Fill tool from 

the Hydrology toolbox so that any sinks in the model would be removed. This would eliminate 

the possibility of a cell not having a drainage value, which indicates the direction that water 

flows out of every cell. This was a crucial step since a complete drainage network relies on a 

thorough flow path for every cell in the model. Then we created a flow direction grid in order to 

determine the general destination of water flowing across the model and a flow accumulation 

grid to calculate the amount of flow of upstream cells towards downstream cells based on the 

topography of the area. Finally, we identified an outlet or “pour point” and placed it in an area of 

high flow accumulation. Finding this outlet helped us calculate the total contributing water flow 

to that specific point, in this case the dividing line between two sub-watersheds. We used the 

Watershed tool in ArcMap and plugged in the parameters above in order to create our watershed 
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raster file for the Bellevue Branch watershed. Figure 3 below depicts the watershed for Bellevue 

Branch in dark blue along with the physical banks of the stream noted in lighter blue. 

 
Figure 3 

 
 By developing a proper understanding of the region in question and accurately 

delineating the watershed, we have characterized the existing conditions at hand and identified 

areas of concern within the existing hydrological parameters so that stakeholders can develop 

relevant planning and evaluation practices. Without even collecting water samples or evaluating 

bank stabilization, a major indication of a water body’s health can be found in the presence or 

lack of organisms living within and around it.  

2.2 Stream Biology 

One important indicator of stream health and vibrancy is the presence of pollution-

sensitive macroinvertebrates. As sediment contamination and nutrient loading from urbanization 

is a common and serious problem for many bodies of water, determining what organisms can 

survive in the water helps to figure out whether the stream in question has any immediate and 

major sources of contamination from pollutants. Macroinvertebrate data collection took place on 
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Tuesday, March 19th between 11:30 am and 2 pm. Students took initial samples at Gold Park 

near the main bridge, sampling both upstream and downstream. Then we split up into two 

groups, with one group taking samples at a stream near the Bellevue Mill site, while the other 

traveled upstream near the now abandoned Champayne Club site. This sampling took the form of 

netting, visual identification, and the utilization of species identification charts, as seen in Figure 

4 below. 

 
Figure 4 Image of Macroinvertebrates Chart used to identify organisms (National Park Service) 

 
After recording observations of macroinvertebrates, we classified them using the 

integrated taxonomic information system, or ITIS website. This system is used in order to match 

macroinvertebrates to their taxonomic serial number, thus clarifying any ambiguity and 
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standardizing the levels of taxon resolution for our observations. Table 1-5 below illustrates the 

results of the macroinvertebrate counts along with their classifications. Though there were a few 

species of macroinvertebrates that were very tolerant of pollution, there were far more instances 

of macroinvertebrates that were very intolerant to pollution such as crayfish and mayflies in all 

parts of Bellevue Branch, indicating an average to above-average quality for this body of water. 

Of course, one limitation to using qualitative data and observations to conduct this study is the 

lack of quantity of data points and consistency/replicability. Despite that, the data coupled with 

the water quality parameters gathered from this stream does help provide evidence that this 

stream is functioning at healthy levels and is able to support life. 

 
Gold Park Upstream of 
Bridge TSN 

Lowest 
Classification  

Many mayflies 100502 Order Ephemeroptera 

Water pennies 114069 Family Psephenidae 

Mayfly nymph 100502 Order Ephemeroptera 

Caseless caddisfly larva 115095 Order Trichoptera 

Crayfish 97337 Genus Cambarus 

Catfish (mad tom) 164015 Species Noturus furiosus 

Damselfly nymph 102042 Suborder Zygoptera Selys 

Aquatic red worm 68639 Species 
Limnodrilus hoffmeisteri 
Claparede 

Table 1 
 
Gold Park Downstream of 
Bridge TSN Lowest Classification  
Crayfish 97337 Genus Cambarus 

Caddisfly nymph 115095 Order Trichoptera 

Mayfly nymph 100502 Order Ephemeroptera 

Darter (common) 168356 Family Percidae 

Table 2 
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Bellevue Mill TSN Lowest Classification  

Crayfish (4) 97337 Genus Cambarus 

Mayflies 100502 Order Ephemeroptera 

Caddisfly larvae 115095 Order Trichoptera 

Water pennies 114069 Family Psephenidae 

Southern two-lined salamander 
(4) 550246 Species Eurycea cirrigera 

Midge larvae 118832 Suborder Nematocera 

Mosquito larvae 125930 Family Culicidae 

Table 3 
 
Champayne Club TSN Lowest Classification  
Mayflies 100502 Order Ephemeroptera 

Darter 168356 Family Percidae 

Table 4 
 
Group 1 (Very Intolerant of Pollution) 

Group 2 (Moderately Intolerant of Pollution) 

Group 3 (Fairly Tolerant of Pollution) 

Group 4 (Very Tolerant of Pollution) 

Table 5 

2.3 Riparian Buffer 

Riparian buffers are a key component of a watershed which protect water quality from 

human intervention and natural forces. Vegetated land cover stabilizes the soil on stream 

embankments through root anchoring and prevents erosion, decreasing the amount of sediment 

that reaches the water and preventing undercutting. Undercutting is the process by which water 
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eats away at an embankment removing soil for long periods of time slowly creating a cavernous 

effect where a layer of the original bank along with exposed roots overhang the eroded open 

space. Bellevue Branch had severe undercutting along its Golden Park stretch creating an 

erosional hazard, depositing increased amounts of sediment into the water. The roots and 

vegetation slow the flow of flood waters, absorbing and preventing water from reaching 

vulnerable infrastructure. These same roots absorb excess nutrients and drifting chemicals found 

in runoff and groundwater. These buffers also provide a natural habitat for diverse terrestrial life 

that stabilizes the trophic system for land bound and aquatic life. Tree cover regulates water 

temperature which also impacts dissolved oxygen levels that enable diverse aquatic life to take 

flourish.  

 

Air quality is improved by the presence of these buffers as increased vegetation increases 

the net rate of photosynthetic processes in the area producing clean oxygen and sequestering 

pollutants in the air. The forest adds value the land it resides on by increasing the price premium 

Figure 5. Diagram of riparian buffer and its interaction with 
the stream and surrounding land use (Ku-ring-gai, 2004) 
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for single-family residential homes by up to 26% with this value increasing the closer residencies 

are to the buffer and stream (Young, 2016). Forested land offers public value through creating an 

aesthetically pleasing outdoor recreation area where people can interact with the stream and 

forest environment in a healthy and coexisting manner. 
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Figure 6. Impervious surface intersections with recommended 50 foot riparian buffer for 
Bellevue Branch.  

 

The greater the buffer width and density the greater the benefits it generates for the 

environment. For a stream of this magnitude, a 50 foot buffer is recommended by a report 

generated by the Yale School of Forestry and Environmental Studies along with NCDEQ 

guidelines (Hawes and Smith, 2005). Approximately 4.5% of the recommended 50 foot buffer 

for this stream is covered by impervious surfaces. This statistic was calculated by first running a 

buffer tool through ArcMap on the Bellevue Branch stream. Then all impervious surfaces were 

identified (houses, businesses, and roads) and put into one impervious surface layer on ArcMap. 

An intersect tool was used to generate intersection areas of the impervious surface polygons and 

the recommended Bellevue Branch stream buffer. An analytical statistics tool was used to 

discern the total percentage of intersection between these two land types. There is a level of 

uncertainty due to the hand drawn nature of the impervious surfaces as well as impervious 

surfaces that may not have been clearly identifiable on the base maps provided by ArcMap. 

2.4 Invasive Species 

Chinese Privet (Ligustrum sinense) 

This alien plant was introduced to the United States in 1952 as a garden shrub, but 

quickly escaped and invaded the Southeast and Midwest (Urbatsch). This shrub is aggressive in 

its growth and can reach heights of up to 15 feet creating dense thickets, effectively shutting out 

secondary forest growth, and altering the natural ecosystem of which it invades (Urbatsch). The 

growth of this shrub is most conducive to moist soil and for this reason is commonly found along 

river and stream sides. The alien plant is able to distribute hundreds of its seeds through its 
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attractive looking berries that ripen between August and September (Urbatsch). Birds eat the 

fruit and spread the seed exposed by the digestion of the berry throughout the area through feces.  

 

 
Figure 7. Chinese Privet (Urbatsch)  

Chinese Wisteria (Wisteria sinensis) 

Wisteria was brought to United States in 1812 as a garden/landscaping vine that grew 

attractive, twisting, woody stalks as well as lavender flowers (Martin 2018). This plant is found 

in 19 states and has emerged as an invasive species in the Southeast. The vine prefers full 

sunlight, however, established plants can overtake trees through the girdling and eventual killing 

of trees, decreasing canopy cover and exposing the vine to greater sun (Martin 2018). While 

killing a tree seems like an aggressive ability of the vine, the alien plant is known to live up to 50 

years giving it the time to cut through bark and bring down old growth trees (Martin 2018). As 

part of the Pea family, Chinese Wisteria spreads through 4-6in seed pods that persist on the vine 

for long periods of time and drop to the ground creating new sprouts (Martin 2018). Wisteria is 

tolerant of a variety of soils and is usually found on the edges of forests or other exposed sun-

lighted areas. This is an issue for stream and river embankments as the open water allows for 

more sun than forested areas, attracting Wisteria growth.  
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Figure 8. Chinese Wisteria (Evans, 2016) 

Golden Bamboo (Phyllostachys aurea) 

Bamboo was first introduced to the United States in the late 1800s and now its North 

American profile consists of hundreds of species. Golden Bamboo or as some call it ‘fishpole 

bamboo’ is found throughout the country and is known to grow rapidly and create dense thickets 

of monotypic sprouts. This species is used for private fencing and landscaping but can easily 

escape the boundaries of its intended growth through rhizomes (Rhoades 2018). Rhizomes are 

horizontally growing, subterranean, rootstocks that sprout new stalks that grow into full adult 

plants (Rhoades 2018). The plant rarely sprouts flowers or fruit and so relies on rhizomes to 

continue its growth in its invasive area. Golden Bamboo can grow up to 30ft. tall and between 1-

6in. in diameter with a preference for moist soils (Rhoades 2018).  Its’ presence along stream and 

rivers as well as its long and flexible physical makeup makes the reed like plant a perfect 

candidate for cane pole fishing which has emerged as a popular, specialty fishing technique.  
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Figure 9. Golden Bamboo (Rhoades, 2018) 

2.5 Pollutants 

 Aquatic habitats are often impacted by surrounding changes such as stream bank erosion, 

introduced sediment from construction and urban development, and shifts in hydrology. 

Environmental pollution in urbanized areas often take the form of increased nitrogen and 

phosphorous levels as a result of increased fertilizer usage from agriculture or construction. 

Increased nitrogen and phosphorous levels can lead to eutrophication, which has widespread 

impacts on aquatic life and represents health risks for humans as well. Eutrophication, or 

excessive plant and algal growth leading to negative health impacts for a water body, is often the 

case in areas where limiting factors for photosynthesis see an increased availability of resources. 

This can be from sunlight, carbon dioxide, or nutrient fertilizers. Due to human activities 

resulting in point-source and nonpoint-source loadings of nutrients, eutrophication in bodies of 

water are much more common. With it comes blooms of blue-green algae, or cyanobacteria, 

which taints drinking water supplies with its toxicity, and can cover the surface of whatever 

environment it covers, blocking sunlight and lowering the amount of dissolved oxygen in the 

water, choking life out for aquatic organisms, a state known as hypoxia (Dreps 18). As the Neuse 
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Estuary has already seen evidence of hypoxia and impaired aquatic life along the estuary, it is 

especially important to monitor the pollution levels in Bellevue Branch and to ensure that it is 

within acceptable levels for total nitrogen and phosphorous. Overall the stream seems to have a 

healthy disposition and no glaring issues that require immediate fixing, as most of the values 

found through lab testing for water stream quality fell within acceptable parameters. Table 7-9 

compares the measured values for nitrate and phosphorus to the recommended values for NC. 

Principally, the values fall within the accepted range, except for a few areas in Gold Park and 

Bellevue Mill that have slightly above average nitrate and phosphorus levels. This indicates that 

there may be some anthropogenic interaction with Bellevue Branch causing the increased 

nutrient loading. We hypothesized that these values could be from fertilizer usage and 

construction being conducted near the Bellevue Mill area. As such, we recommend that there be 

long term monitoring of these sites in order to track trends and ensure that the developments are 

complying with standards set for nutrient loading.  

2.6 Water Quality Parameters 

 There are a few critical categories that are used to assess the health of a water body, 

including temperature, dissolved oxygen, pH, and presence of macroinvertebrates and other 

forms of life. Intuitively, we know that consistent temperatures and neutral pH indicate a healthy 

body of water. Certain organisms cannot tolerate atypical conditions, which can be influenced by 

storms, long term weather patterns, point and nonpoint pollution sources, and factors such as 

physical bank/stream bed conditions (NCDEQ 2019). The details about the field testing that the 

authors of this report conducted on this creek can be found on page 33 in section 3.2: Watershed 

Walkthrough Analysis. You can find more information about macroinvertebrates and what they 

say about stream health in Bellevue Branch in section 2.2 on page 6.  The measured values taken 
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from water samples were compared to state and federal regulations for the different compound 

categories. Bellevue Branch exhibits generally healthy metrics of quality overall, both from 

visual assessment and quantitative data. The few areas of concern are addressed in section 5, 

with included recommendations on how to proceed with the management of the stream. Noting 

this, it is also critical to acknowledge that the creek is a part of the greater Eno River basin and 

therefore the health of the Eno is important to understanding this body of water within the 

context of the ecosystems in the state. See figure 10 for a map of the Eno River in relation to the 

creek showing the areas that are healthy, impaired, or have no data. This data that this figure is 

based on comes from NCOne Map. Note the impaired section upstream of Bellevue Branch.  
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Figure 10. Map showing Bellevue Branch and the town limits of Hillsborough in relation to 
water quality along Eno River. Red sections indicate impaired areas, black shows 

untested/unknown water quality, and blue indicates healthy parts of the Eno. 
 

An important metric for characterization and evaluation of water quality is total 

suspended solids, or TSS. Sometimes turbidity, or how difficult it is to see through a stirred up 

water sample, is used as a proxy, but TSS is much more accurate. The U.S. Geological Survey 

classifies sediment pollution as “the single most widespread cause of impairment of the Nation’s 

rivers and streams.” (Gray et al., 2000). This measurement is attained through filtering samples 

of stream water and drying and weighing the filters to ascertain the mass of the solids caught in 
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the filter. The measurements are then converted to milligrams per liter. TSS includes both 

organic compounds such as silt, plant matter, and clay, and inorganic compounds. The silt and 

clay are negatively charged compounds allowing them to attract pollutants and carry or deposit 

them throughout the body of water. This measurement is important as the flux of a water body 

can indicate patterns such as persistence of pollutants in the water, whether nutrient loads or 

other pollutants are deposited in the bed of the stream, and how much light can penetrate the 

water affecting algae growth and prevention of eutrophication. TSS can also indicate sediment 

pollution, which is especially concerning when considering the mill redevelopment site adjacent 

to the stream. Federal guidelines limit suspended solid levels to 10 mg/L for waters where trout 

are fished and 20 mg/L for all other freshwater (USEPA, 2018). See Figure 11 for the average 

total suspended solids found at three sites along Bellevue Branch. More detailed data can be 

found in the appendix. 

 
Figure 11. Total Suspended Solids along Bellevue Branch 
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2.7 Water Sources, Permits, and Inflows 

 Bellevue Branch is a small creek that feeds into the Eno River. This creek is important 

since the Eno River eventually flows to the ocean and flows into sources of water for many 

communities in NC. The Eno River flows into Falls Lake which flows into the Neuse River 

ending in Craven and Pamlico counties and the Albemarle-Pamlico Sound into the Atlantic 

Ocean. There are many organizations that protect the Eno River and there has always been active 

community effort to preserve the water quality. The public works department of Durham County 

is working with GIS services and storm water companies to do assessments for the Eno River 

Watershed Improvement Plan. All the information for the Eno River Watershed Improvement 

Plan is publicly available through the Durham county website and is evidence that the Eno River 

is a valued part of the upper Neuse River Basin. Since Bellevue Branch is also responsible for 

contributing water to the Eno River, an assessment on its conditions and watershed management 

plan is necessary.  

The EPA publishes data relating to permitted discharges in every watershed and makes 

them available via Envirofacts. The points that are noted to be within the drainage area of 

Bellevue Branch are Eno River Development Co., Flynt Fabrics & Fishing Inc., and New Hope 

Elementary in Table 6. The only notable concern affecting water quality is the total particulate 

matter runoff from New Hope Elementary, and the four remaining permitted discharges will flow 

directly into the Eno River rather than Bellevue Branch. We have concluded that the New Hope 

Elementary discharge is not a major concern for the water quality, as our measurements did not 

indicate unhealthy levels of suspended solids. 

 

Permit Owner Address EPA Listed Concerns 
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*Eno River Development Co. 
 

437 DIMMOCKS MILL RD 
HILLSBOROUGH, NC 
27278 

“Conditionally exempt small 
quantity generator” 

*Flynt Fabrics & Finishing 
Inc. 

505 ENO ST 
HILLSBOROUGH, NC 
27278-2357 

permitted to release sulfur 
dioxide into air from stacks 

Hillsborough WWTP 355 ELIZABETH BRADY 
RD HILLSBOROUGH, NC 
27278 

Sewerage systems 

Town of Hillsborough 
WWTP  

355 ELIZABETH BRADY 
ROAD HILLSBOROUGH, 
NC 27278 

Biochemical oxygen demand 
(2 sources), nitrogen, cyanide 
(2), suspended solids (2), 
selenium (2), nitrogen 
kjeldahl, mercury, nitrogen 
ammonia (2), temperature 
change, DO, chlorine, 
ceriodaphnia, pH change, 
copper, flow change, silver, 
phosphorus (2), zinc, coliform 
(2), nitrate 

Nameplate 348 ELIZABETH BRADY 
ROAD HILLSBOROUGH, 
NC 27278 

Volatile organic compounds 

*New Hope Elementary 
School 
 

101 EAST ORANGE 
STREET HILLSBOROUGH, 
NC 27278-2131 
 

Total particulate matter 
 

W H Brandy Nameplate 
Division 
 

346-348 ELIZABETH 
BRADY ROAD 
HILLSBOROUGH, NC 
27278-9540 
 

Chemicals transferred to other 
sites: lead compounds, 
chemical and solvent 
 

Table 6. This table shows the location, address, and main concern offered by the EPA for the 
seven permitted discharge points in Hillsborough, NC. 

*Sites that will runoff into Bellevue Branch. 
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Figure 12. EPA map showing listed permitted dischargers in Hillsborough, which are indicated 

by orange squares. (Envirofacts) 
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Figure 13. Map of Bellevue Branch sewer outlets and manholes  
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Figure 14. Map showing Stormwater Outfalls in relation to land ownership and Hydrological 

features such as Bellevue Branch  
 

2.8 Walkthrough Analysis, Field Measurements and Current Water Policies 

The authors of this report tested the creek for general water quality and health parameters 

on March 19th, 2019. We focused on three different sites along Bellevue Branch including Gold 

Park, a site near the active mill redevelopment in Hillsborough, and an access point near an 

abandoned businesses previously called the Champayne Club. This field testing provided data 
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about temperature, pH, presence of pollution sensitive macroinvertebrates, and total suspended 

solids at these three locations. We performed thorough visual analysis in criteria such as bank 

stability and vegetation, and took photographs of the conditions. This walkthrough allowed us to 

compare the three sites and assess overall creek health, as well as providing some baseline data 

to potentially add to in order to form some observations about Bellevue Branch over time. 

Measured values and observations were compiled into a spreadsheet and recommended 

values for all criteria were found from published EPA standard. The values can be compared 

below in tables 7, 8, and 9, with measured values that fall outside of the recommended ranges 

being bolded for clarity. Chlorine and phosphorus have chronically high values, being over or 

close to the upper standard values. Only one measurement out of six for chlorine was below the 

standard of 17 ug/L, and three out of six phosphorus measurements are outside of the standard 

range of 0.01-0.075 mg/L. 

High chlorine levels can be caused from road salt runoff, water softeners, effluent, and 

fertilizers made with potash (mined salts). Chronically elevated levels can interfere with 

osmoregulation, the biological process in aquatic organisms that regulates the ratio of salt and 

other solutes to body fluids. Since measurements were taken in the early spring, it is possible that 

the excess chlorine was caused by road salt runoff from impervious surfaces surrounding 

Bellevue Branch. When ice and snow melt in the spring, chlorine concentrations tend to spike in 

roadside streams due to runoff. Additionally, “commercial road salts have phosphorus 

compounds added to keep them from clumping, contributing nutrient increases in lakes and 

streams,” (Green 2012) which may have also contributed to the high measurements of 

phosphorus.  

Location Criteria Measured Value Recommended 
Value 
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Gold Park (left) pH 7.51 6.0-9.0 

Chlorine (ug/L) 17 ≤17 

Fecal Coliform (MPN 
per 100mL) 

17.1 <200 

Nitrate (mg/L) 1.2 0.12-2.2 

Phosphorus (mg/L) 0.06 0.01-0.075 

Ammonia (mg/L) 0.02 ≤1.9 

Gold Park (right) pH 7.59 6.0-9.0 

Chlorine (ug/L) 18 ≤17 

Fecal Coliform (MPN 
per 100mL) 

16.1  <200 

Nitrate (mg/L) 1.2 0.12-2.2 

Phosphorus (mg/L) 0.08 0.01-0.075 

Ammonia (mg/L) 0.0 ≤1.9 

Table 7. Comparison of measured values and recommended values for criteria in Gold 
Park. 

 
 

Location Criteria Measured Value Recommended 
Value 

Bellevue Mill (left) pH 7.55 6.0-9.0 

Chlorine (ug/L) 20 ≤17 

Fecal Coliform (MPN 
per 100mL) 

51.2  <200 

Nitrate (mg/L) 0.1 0.12-2.2 
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Phosphorus (mg/L) 0.11 0.01-0.075 

Ammonia (mg/L) 0.01 ≤1.9 

Bellevue Mill (right) pH 7.52 6.0-9.0 

Chlorine (ug/L) 17 ≤17 

Fecal Coliform (MPN 
per 100mL) 

38.4  <200 

Nitrate (mg/L) 1.4 0.12-2.2 

Phosphorus (mg/L) 0.09 0.01-0.075 

Ammonia (mg/L) 0.0 ≤1.9 

Table 8. Comparison of measured values and recommended values for criteria at the 
Bellevue Mill.  

 

Location Criteria Measured Value Recommended 
Value 

 Champayne Club 
(left) 
 

pH 7.59 6.0-9.0 

Chlorine (ug/L) 20 ≤17 

Fecal Coliform (MPN 
per 100mL) 

37.7  <200 

Nitrate (mg/L) 
 

0.8 0.12-2.2 

Phosphorus (mg/L) 
 

0.04 0.01-0.075 

Ammonia (mg/L) 
 

0.02 ≤1.9 

 Champayne Club 
(right) 

pH 7.52 6.0-9.0 

Chlorine (ug/L) 15 ≤17 
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Fecal Coliform (MPN 
per 100mL) 

30.9  <200 

Nitrate (mg/L) 
 

1.3 0.12-2.2 

Phosphorus (mg/L) 
 

0.05 0.01-0.075 

Ammonia (mg/L) 
 

0.02 ≤1.9 

Table 9. Comparison of measured values and recommended values for criteria at the 
Champayne Club. 

Section 3: Sources and Stressors 

3.1 Impervious Surfaces 

In an urban setting, an increase of impervious surfaces, like parking lots or buildings, can 

lead to more runoff from stormwater. This can encourage flash flooding during intense 

precipitation events and even result in riverine flooding in extreme cases. Additionally, with 

much of the runoff coming from streets, pollution is common in the form of vehicular waste. 

With Bellevue Branch running through the heart of downtown Hillsborough, pollution from 

runoff is a major concern. Figure 15 displays current impervious surfaces and streets that are 

located around Bellevue Branch.  While there are a few large complexes near the south of the 

stream (The Cloth Mill to the left and Hillsborough BBQ to the right), much of the impervious 

surface comes from streets and individual homes. 
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Figure 15 Local Impervious surfaces and Hydrology  

 
While Figure 15 presents an overview of imperviousness along Bellevue Branch, it 

doesn’t detail where mitigation strategies may have the greatest impact. Figure 16 below uses 

census tracts and the same impervious surface data to rank tracts based on the percent of 

impervious surfaces within them. The darker areas consist of relatively large amounts of 

impervious surfaces, and may be ideal targets for initial reclamation work. In addition to these 
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dark tracts, the Cloth Mill and Hillsborough BBQ lots outlined above are low-hanging fruit that 

can have impervious surfaces chipped away through a variety of strategies. 

  
Figure 16 Map of Impervious Surfaces in relation to Bellevue Branch  

 
Once areas are identified as having overabundant impervious surfaces there are a variety 

of methods for changing them. The most potential drastic change is tearing up existing structures 

and asphalt and replacing it with natural landscaping. Most commonly, parks take the place of 

previously vacant or dilapidated property. If the removal of impervious surfaces is not possible, 
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it can be replaced with more porous materials. For example, paved parking lots can be replaced 

with gravel, brick, or porous pavement, which allows stormwater to flow through. Finally, small 

parts of impervious surfaces can be reclaimed with stormwater retention ponds, bioswales, or 

any permeable material. For example, concrete medians are often planted with flowers, or 

businesses may opt to add planters in front of their buildings. Each of these options have 

potential to lessen flooding and pollution from runoff around Bellevue Branch. 

Hillsborough has a culture that is supportive of outdoor recreation, so adding a downtown 

park may be a legitimate option for reducing runoff from impervious surfaces that will garner 

public support. Figure 17 below displays current parks and conservation easements around 

Bellevue Branch. There is a lack of public green space near the northern branches of the stream, 

which represents an opportunity to reclaim any unused impervious surfaces and create an 

additional public park. While much of this land is residentially zoned, there is space and 

opportunity for smaller pocket parks to be a successful stormwater control measure as well as a 

recreational area.  
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Figure 17 Map of Easements along Bellevue Branch  

 

3.2 Impacts of Invasive Species and Other Biological Stressors 

Invasive species can put stress on natural stream ecosystems by altering the physical, 

chemical, and biological makeup of the environment. While observing Bellevue Branch stream 
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Wisteria, Privet, and Bamboo could be seen taking over embankments killing and replacing the 

native riparian buffer. By killing the tree cover and small/medium vegetation, the invasive 

species allow more sunlight to reach the stream potentially altering the temperature of the 

stream. Evidence of this temperature change can be seen by the extensive algae cover in the 

stream bed. Warmer temperatures increase photosynthesis allowing for algae to overtake the 

aquatic system. 

Warmer water also correlates to decreased amounts of dissolved oxygen impacting the ability of 

aquatic organisms such as macroinvertebrates and fish to survive. Evapotranspiration rates are 

impacted by invasive species as the large mass of vegetation draws increased amounts of water 

from the ground table altering the groundwater flow rate into the stream and releasing it into the 

atmosphere (Boulton 2019). These alien plants chemically alter the stream through increased 

sediment deposition due to erosion as well as differed vegetative matter decomposition in the 

water. All three species mentioned in this report have shallow anchoring roots that destabilize 

banks previously held by native tree and shrubbery allowing for more sediment and to enter the 

stream. By their nature these alien plants spread quickly, covering extensive areas of land. The 

quick and voluminous hostile takeover disrupts the local trophic system and food web for 

terrestrial, avian, and aquatic life. Native forage is depleted while berries, seeds, and insect 

habitats are disrupted leading to decreased avian foods.  

3.3 Channelization and Bank Stability 

Work conducted by Foucher et al. (2016) was focused on a small stream in France and it 

explores the effects of bank erosion and how it degrades water quality and increases suspended 

sediment load in water bodies. This study used fingerprinting techniques to quantify what 

amount of a stream’s sediment profile is due to bank erosion. This study asserts that bank erosion 
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can fluctuate in response to multiple natural factors: amount of rainfall (fluvial erosion), the 

freeze-thaw process, quality of surrounding root systems and vegetation cover, etc. The other 

major source of bank erosion is due to anthropogenic pressures such as stream management 

practices and surrounding agriculture. This paper used georeferenced metal pins at various points 

in the bank; soil loss can be observed over a period of time looking at the amount of exposed pin. 

Lidar was used to obtain a DEM of the stream of interest. This paper is important to our project 

because it gives a low-cost and low-maintenance way to measure soil loss in the banks 

surrounding the tributary. Bank erosion invites more pollution and sediment to enter the stream 

which is detrimental to native species health. Maintaining healthy soil is key to keeping the 

stream healthy. 
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3.4 Consequences from Current Development, Future Development, and Zoning 

 
Figure 18. Bar Plot showing different land use percentage by type 

 

 Figure 18 shows the percentages of different land use types in Hillsborough. There is a 

wide range of use in the area but there are a few types that are much more common than the 

others. The two most common land use types are Developed, Open Space and Deciduous Forest. 

Overall, there are 15 different land use types observed (Homer et al., 2015).  

 

Land Cover Type Value Pixel Count Total Area (units) Percentage 

Open Water 11 5 4500 m2 0.03 

Developed, Open Space 21 5089 4580100 m2 31.88 

Developed, Low Intensity 22 2340 2106000 m2 14.66 
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Developed, Medium Intensity 23 1166 1049400 m2 7.31 

Developed, High Intensity 24 475 427500 m2 2.98 

Barren Land (Rock/Sand/Clay) 31 3 2700 m2 0.02 

Deciduous Forest 41 4598 4138200 m2 28.81 

Evergreen Forest 42 508 457200 m2 3.18 

Mixed Forest 43 252 226800 m2 1.58 

Shrub/Scrub 52 121 108900 m2 0.76 

Grassland/Herbaceous 71 547 492300 m2 3.43 

Pasture/Hay 81 718 646200 m2 4.5 

Cultivated Crops 82 24 21600 m2 0.15 

Woody Wetlands 90 106 95400 m2 0.66 

Emergent Herbaceous 
Wetlands 95 9 8100 m2 0.06 

      

Total n/a 15961 14364900 m2 100 

Table 10. Table showing area (m2) and percentage of land use based on type 

 

 This table shows the total area (m2) of each type of land use within Hillsborough town 

limits. Area was calculated by multiplying the number of pixels by 900 (each pixel represented a 

30m x 30m plot of land). Percentages are also shown to supplement the information in the 

previous figure.  
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Figure 19. Map showing land use across the town of Hillsborough  

 
 Figure 19 is a map showing the different land uses all throughout Hillsborough’s town 

limits. Streets are shown in brown lines and Bellevue Branch is shown by the blue line in the 

middle of the map. Bellevue Branch was clipped from a shapefile showing all the streams in 

Hillsborough. Finally, the legend shows all the different land use types.  

 As shown by the figures it is clear that Bellevue Branch flows through a developed area 

in downtown Hillsborough. While most of the development is classified as “Developed, Open 

Space/Developed, Low Intensity” we still came into this project wondering if this had an effect 
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on the stream’s overall health. After our data collection, we determined that the stream health is 

fairly good which given its proximity to developed areas is good to hear. Despite this, future 

development in the area should be cognizant of Bellevue Branch and how reckless care could 

compromise the stream’s health.  

 

3.5 Current Land Use with Stormwater Outfall and Control Measure Focus 

The Bellevue Branch watershed includes a variety of land uses, each with their own 

particular features that affect the stream’s health. Surrounding the stream area is largely 

residential land, with mixes of privately-owned non-residential businesses, public parks, and 

some privately-owned open spaces. Facilities including an elementary school, roads, and 

construction to Bellevue Mill all produce their own runoff which have the potential to outfall 

into the stream. Fifteen outfalls have been identified along Bellevue Branch, though currently 

only one stormwater control measure (SCM) is present within 100 meters of the stream. These 

outfalls pose a risk to the health of the stream as runoff from developments, residential lots, and 

pavement may get into the water and harm wildlife and stream homeostasis. 

All of the fifteen outfalls along Bellevue Branch come from either a pipe or channel 

directly into the stream. Each are within 100m of residential areas, with 10 also having non-

residential land uses, and 10 having open space or parks within that radius. According to a study 

in Perth, Australia looking into variation of stormwater runoff from different land uses, showing 

that commercial land use had the highest values of runoff. This was followed by residential areas 

with a lower value and open space / park area having the lowest value for runoff. Not 

surprisingly, this is associated with the amount of grass and fields that have the ability to absorb 
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rainwater, which is minimized with the impervious surface in commercial land use (Sarukkalige 

2011).  

 
Figure 20. Land use map of Hillsborough surrounding Bellevue Branch, with stormwater 

outfalls and control measures surrounding the stream. 
 

Figure 20 shows the disparity between the amount of stormwater outfalls and the amount 

of control measures currently in place to mitigate the damage to the stream of those outfalls. In 

Gold Park, within 100 meters of Bellevue Branch is a Stormwater Wetland that was installed in 

2008. The purpose of installing the wetland is to decrease the amount of pollutants that were 

generated upstream (Erol and Randhir 2013). As this section of Bellevue Branch is the furthest 
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downstream, this is a good location for the wetland as it is able to remove nitrogen and 

phosphorus while providing habitats for wildlife. Shown below is the actual image of the 

wetland in Gold Park, as well as the optimal design for Stormwater Wetlands for the removal of 

pollutants. 

    

Figure 21 (left) and 22 (right). On the left is the image of Stormwater Wetland in Gold Park from 
Hillsborough Stormwater Standards document. Right figure, from the NCDENR Stormwater 

BMP Manual, is a design standard for Stormwater Wetland Systems. 
 

 Other stormwater control measures (SCMs) throughout Hillsborough include 

bioretention, dry detention basins, and bioswales. In order to understand which SCMs are best 

for different areas, NCDEQ suggests first calculating the treatment capability needed for the 

chosen site, evaluating which SCMs that meet those needs are appropriate for the site and land 

uses surrounding the site. Costs, maintenance required, and other factors included habitat 

removal must be taken into account as well prior to investing in a new SCM (NCDEQ 2018). As 

mentioned in their Stormwater Design Manual, options such as the previously mentioned 

stormwater wetland would not be the most optimal choice for a location close to a school or 

anywhere that young children may not be safe near the open body of water (NCDEQ 2018). This 

document takes into accounts the best opportunities for managing stormwater both from the 
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ability to remove TSS and excess nutrients, and from the benefit it can bring to the local 

community. 

Section 4: Management Opportunities 

4.1 Existing Watershed Management 

The existing local water quality programs listed in Table 11 were published in the Town 

of Hillsborough 2018 annual report, the NPDES Phase II Stormwater Management Program. The 

programs that the town is responsible for overseeing are the Unified Development Ordinance, the 

Flood Damage Program, Local Nutrient Sensitive Waters Strategy, and the Neuse Riparian 

Buffer Program, while the remaining program, Erosion and Sediment Control Program, is 

delegated to Orange County. Additionally, the town of Hillsborough implements state programs 

(Neuse Riparian Buffer rules, Falls Lake Rules) at the local level, however, NCDOT is 

responsible for stormwater facilities within road right-of-way zones that are state owned.  

 

Existing local water quality programs Description 

Unified Development Ordinance (UDO) regulates overall development and land use. 
Specific water quality aspects include riparian 
buffer rules and post construction stormwater 
requirements, including nutrient limits. 
 

Flood Damage Prevention through its UDO the Town protects water 
quality by preventing new development 
within flood hazard zones. 
 

Local Nutrient Sensitive Waters (NSW) 
Strategy  

through its UDO the Town adopted 
stormwater requirements for new 
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development to meet the Falls Lake Nutrient 
Management Strategy (Falls Lake rules). 
 

Delegated Neuse Riparian Buffer Program The Town of Hillsborough requested and 
received delegated authority from the state to 
enforce the states’ Neuse Riparian Buffer 
Program within the Town’s planning 
jurisdiction. 
 

Delegated Erosion and Sediment Control 
Program 

as noted in Section 6, the Town relies on 
Orange County to conduct an erosion control 
program. Orange County has local delegated 
authority from the state. 
 

Table 11. Existing stormwater management programs in Hillsborough, NC. 
 

4.2 Stormwater Best Management Practices 

The town of Hillsborough published a stormwater management plan in 2018 that outlined 

their best management practices (BMPs) for stormwater systems in the town: 

1. Public education and outreach on stormwater impacts; 
2. Public involvement/participation; 
3. Illicit discharge detection and elimination; 
4. Construction site stormwater runoff control (Erosion Control); 
5. Post-construction stormwater management for new development and redevelopment; 
6. Pollution prevention for municipal operations. 

A major component of the town’s existing plan is community outreach to improve the overall 

knowledge of the surrounding watershed and citizens’ roles in the upkeep of our water systems. 

The authors, along with their advisor, saw this component as an opportunity to create an 

interactive experience through which Hillsborough citizens could learn about the watershed. An 

Esri story map was created to shed light on the town’s water systems and their connection to the 
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larger water bodies that we draw our drinking water from. Further, items four and five are of 

particular importance, especially after the observations made in March. The area around the 

Bellevue Mill construction site was found to be somewhat neglected by the landowners, who had 

caused obvious bank stability issues from driving through the stream. The construction site was 

found to have a lot of sediment erosion, likely due to heavy storms in the area around the time of 

observation, but is located far enough away from the stream to not cause too much direct 

damage. Though the Mill site specifically was not cause for extreme concern, it did indicate that 

other construction zones along stream riparian zones would need careful monitoring to ensure 

ongoing upkeep of stream health.  

Riparian buffer  
 To promote environmental, social, and economic benefits, Bellevue Branch should 

manage current riparian buffer vegetation and retrofitting areas in need of riparian restoration as 

designated by the impervious surface encroachment map as well as areas without a buffer area of 

at least 50ft. The buffer can be maintained and restored by organizing and funding a 

comprehensive maintenance crew to develop a management plan along Bellevue Branch. This 

plan should include invasive species management using the techniques outlined in this report 

along with designated no mow areas to allow forest reclamation as well as targeted native 

species planting and encouraging citizens to follow these practices through incentive based 

stormwater credits as well as public education. Weed mats, live staking, and bio webbing should 

be used directly adjacent to the stream to contribute to bank stability as well as promote healthy 

and strong vegetation growth to combat the re-invasion of alien plants.  
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4.3 Budget and Financial Constraints 

Since the watershed management plan is suggesting and analyzing different best 

management practices, it is important to be educated on the cost/benefit analysis about 

stormwater control methods such as stream restoration, retrofit, riparian buffer, wetland 

restoration, and other habitat adjustments. This watershed management plan is establishing its 

cost analysis from the Rocky River Watershed Management Plan which is based in the piedmont 

areas outside of Charlotte. Rocky River’s Cost analysis did not take into account the cost of land 

acquisition which is a limiting factor since the municipality of Hillsborough has limited 

government land around the Bellevue Branch watershed. Despite this one limitation, this BMP 

plan is very reliable since it is from a smaller area whose size and geographic location is 

comparable to Bellevue Branch. It is also very suitable since its research is based on a paper of 

the Mecklenburg County Construction Process which could be easily imitated by the 

Hillsborough Division. Stream Restoration is evaluated by cost per linear foot with “cost per 

pound of sediment removed” the unit of choice meaning this is what can be compared to BMP 

Retrofits which included the other methods of stormwater control (Charlotte- Mecklenburg 

Rocky River 2015). BMP Retrofits included sand filters, wet ponds, wetlands, rain gardens, WQ 

Swale, pond retrofit, and a filters trip. It is important to refer to Tables X and X to compare and 

contrast the costs of these methods while remembering that this will not accurately represent the 

numbers that Hillsborough would create. 

 
Table 12 Price of Stream Restoration  
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Table 13 Comparative prices of Best Management Practices   

  This report helps to show the methodology that Hillsborough could follow if it wanted to 

produce its own cost/benefit analysis. Additionally this report only shows different varieties of 

BMP compared and does not compare different costs of the same method. If Hillsborough 

Stormwater Division were to pursue replicating the same cost analysis of the Charlotte Rocky 

River watershed management plan, then it would need to do additional in stream assessments 

and research.  

Section 5: Next Steps 

5.1 Conclusions  

After researching and analyzing Bellevue Branch, we have concluded that it is in fairly 

good health and is supporting plant and animal life. However, it is vulnerable in areas to 

pollution sources such as sediment from construction and issues with stormwater runoff, and 

other surrounding land uses. Chlorine and phosphorus values exceeding, or approaching, EPA 

freshwater recommendations were found at every observation site, leading to the conclusion that 

these are likely chronic issues. Further, there are plentiful amounts of invasive species such as 

Chinese privet, Chinese wisteria, and golden bamboo along the banks.  
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5.2 Recommendations Based on Findings 

Invasive removal  

Chinese Privet (Ligustrum sinense) 

Privet is known to vigorously re-sprout requiring physical and chemical removal 

techniques and a system of monitoring to ensure that regrowth does not occur. We would 

recommend mechanical removal with roots being thoroughly removed from the ground to 

prevent germination of new plant stalks. After being mechanically removed, all stalks that 

remain should be spot treated with an herbicide. Special precautions should be taken with the use 

of herbicide especially with the privet’s close proximity to the stream. The President of the 

Tennessee Exotic Pest Plant Council, Brian Brown, recommends an herbicide mixture of 25% 

glyphosate (herbicide) and 75% horticultural oil (Urbatsch). While controlled burns can 

aesthetically correct the privet’s presence in the short term, the re-sprouting abilities of the roots 

and seeds makes this option only a precursor that must be followed with herbicidal treatment for 

effective results. We recommend that an invasive species monitoring specialist or group should 

monitor the presence of privet dominated areas post-removal to ensure that the species does not 

continue to grow in the area. 

Chinese Wisteria (Wisteria sinensis) 

Similar to Privet, Wisteria is known for its persistence and aggressive takeover of 

susceptible areas. We recommend cutting the vine at its base and removing the vine stalk from 

its host in areas that are sensitive to herbicide treatment. Continued cutting must continue every 

two weeks from the beginning of the growing season until autumn when the plant will no longer 

possess the ability to grow at such fast rates (Martin, 2018). If herbicide is deemed necessary 

(mechanical cutting is not having its intended impact) then continuing the same process with the 
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addition of stump herbicide treatment with either glyphosate or triclopyr in 25% concentrations 

should be applied to ensure total plant growth disruption and ultimately death (Martin 2018). 

Spraying is not recommended for this area as the potential for harmful chemicals to leach into 

the water table is too great a risk. 

 Golden Bamboo (Phyllostachys aurea) 

Out of the two other invasive mentioned in this report, bamboo is the hardiest and most 

difficult to remove. Normal herbicide treatments do not impact the growth of Bamboo stalks; 

bamboo requires aggressive and repeated physical removal of the shoots as well as the clump of 

roots and rhizomes. Bamboo will continue to grow due to the nature of its rhizomes and requires 

consistent physical removal over a 2-3-year period either through continued hand/mechanical 

removal, mowing in the frequency one mows their lawn, and to prevent the need for spraying 

strong herbicides boiling water should be poured on new sprouts in order to eliminate new 

growth (Rhoades, 2018). We recommend the Town of Hillsborough reuse these bamboo shoots 

and convert them into can pole fishing rods that they can either sell or give access to the public 

in fishing areas for recreational purposes maximizing the potential gains from Golden Bamboo 

removal.  

5.3 Future Recommendations 

In order to ensure that the creek will remain healthy and become a better public resource 

for the town, we recommend increased regular testing of quality and conditions to form long 

term data sets. Testing could be conducted seasonally or biannually to observe trends and 

increase awareness if any dramatic changes took place. Since our assessment was short term we 

would suggest using the soil pinning technique described by Foucher et al. as a low cost way to 

measure bank erosion. Lastly, in order to determine which stormwater control measures work 
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best for the areas most in need, the SNAP tool should be used to measure current SCMs and their 

success rates surrounding streams in Hillsborough comparable to Bellevue Branch. This tool can 

predict the efficacy of various SCMs by using existing information on size, location, 

precipitation and land use of stormwater outfalls and vulnerable parts of water systems.   
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Section 6: Appendix 

 
SVAP Results 

Area 
Descriptio
n 

Overall 
Average STD 

Chanel 
Conditions  

Riparian 
Zone 

Bank 
Stability 

Water 
Appearance  

Champagne Good 8.50 1.73 10 10 7 7 

Mill Fair 7.25 0.50 7 8 7 7 

Gold Park 
Upstream  Fair 7.00 2.94 10 8 3 7 

Gold Park 
Downstream  Poor 4.50 3.00 7 1 3 7 
 
Figure 1. Stream Visual Assessment Protocol which ranks the four stream components above 
on a scale from 1-10.  
 

Overall Table      

Site 
Champayne 

Club 
Bellevue 

Mill 
Gold Park 
(upstream) 

Gold Park 
(downstream) Ideal 

Streambed 
Environment 8 7 6 7 10 

Riparian Buffer 6 8 7 5 10 

Light Penetration 4 8 6 9 10 

Aquatic Organisms 9 9 9 9 10 

Instream Habitats 7 7 7 8 10 

Channel 
Modification 10 4 9 5 10 

Channel Shape 9 5 7 7 10 

Streambank Erosion 6 6 3 3 10 

Water Clarity 9 8 9 7 10 

Land Cover Impact 4 6 6 6 10 

Cumulative Score: 72 67 69 66 100 
Figure 2. Overall habitat rankings based on a compilation of attributes on a scale of 1-10.   
 
Permitted Discharges 
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Champagne 
Creek  Date: 3/19/2019 

Weather: 47º 
F sunny with 
some wind  

Physical Measurements Value GPS Notes  

     

Stream 
Width (cm)  

100 (up)/ 130(down) 
/77(down) 

36º 4'39" N/ 79º 
6'54" W   

Stream 
Depth (cm)  19(deepest)/11 avg. 570 ft elevation   

Velocity/Flo
w (m/sec)  0.08 and 0.23 

36º 4' 41" N/ 79º 
6'50" W   

Temperature (C) 13º (up)/ 12.7º (down) 630 ft elevation   

D.O. (mg/l) 
17.89 (up)/ 17.75 
(down)    

 

Gold Park 
Entrance 
Upstream of 
Bridge     

Physical Measurements Value GPS Notes  

  36º4'15"N   

Stream Width 5.3m 79º6'39"W 

Value 
consistent 
for upstream 
portion  

Stream Depth 
16-29cm (deepest 
49cm) 520' elevation   

Velocity/Flow 0.03 m/s "   

Temperature 8.3ºC " in sun  

Dissolved 
Oxygen  19.9 mg/L "   

 

Gold Park 
Entrance 
Downstream of 
Bridge     

Physical Measurements Value GPS Notes  

  "   

Stream Width 5.5m-1.5m " 
widest - 
most narrow  

Stream Depth 145cm-119cm " 
bank park 
side - other  
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side 

Velocity/Flow 0.01 m/s - 0.38 m/s " 

downstream 
on pipe - 10 
m 
downstream  

Temperature 8.9ºC " in sun  

Dissolved Oxygen 18.9 mg/L "   

 
Bellevue Branch 
By Mill Upstream     

Physical Measurements Value GPS Notes  

  36º4'22"N   

Stream Width 6.1 m 79º6'46" W   

Stream Depth 23-29 cm    

Velocity/Flow 0.01 m/s    

Temperature 12ºC    

Dissolved Oxygen 18.9 mg /L    

 

Bellevue Branch 
By Mill 
Downstream     

Physical Measurements Value GPS Notes  

  36º4'22"N   

Stream Width 5.3 m 79º6'46" W   

Stream Depth 10 cm    

Velocity/Flow 0.03 m/s    

Temperature "    

Dissolved Oxygen "    

Figure 3. Physical measurements taken at each site of Bellevue Branch stream.  
 
 

Area 
Water 
Volume 

Water 
Volume 

Mass of 
Filter 3/26 

Mass After 
Drying 3/28 Change 

Suspended 
Solids TSS 

Units mL L grams grams grams milligrams mg/L 

Gold Park 1 515 0.515 0.09 0.0918 0.0018 1.8 3.50 

Gold Park 2 528 0.528 0.0912 0.0926 0.0014 1.4 2.65 

Mill 
Development 350 0.35 0.0914 0.0916 0.0002 0.2 0.57 
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1 

Mill 
Development 
2 485 0.485 0.0897 0.0943 0.0046 4.6 9.48 

Champagne 
Club 1 500 0.5 0.0903 0.0913 0.001 1 2.00 

Champagne 
Club 1 500 0.5 0.0899 0.0918 0.0019 1.9 3.80 

        

        

Filters are 
GF/F pore 
size 0.7 
micrometers    Site Name Avg TSS 

Standard 
Deviation  

    Gold Park 3.07 0.60  

    
Mill 
Development 5.03 6.30  

    
Champayne 
Club 2.90 1.27  

Figure 4. Suspended Solids Data  
 

 
Figure 5. Bar graph comparing suspended solid levels for different sampling sites 
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