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Abstract
Stormwater runoff is a vital concern to the health of natural waterbodies and ecosystems within urban watersheds. While there is already ample research dedicated to understanding water quality from urban roadways, few of those studies have focused on measuring the dynamics of how storm-flow, stream water quality changes due to increased pollutant load from major urban roadways. Within the Knoxville, Tennessee city limits there are currently four tributary streams, all draining to the Tennessee River, that have been placed on the state’s 303(d) list due to decreased water quality. In particular, Second Creek is on to the list due increased nutrient, siltation, and pathogen loading throughout its entire 12.8-mile stretch. 
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[bookmark: _Toc412832250]Chapter 1: Introduction
In the last 20 years, Knoxville, Tennessee has seen significant increase in urban development, resulting in extensive degradation of its surrounding watersheds. In 1998, Second Creek Watershed was added to the EPA Region IV 303(d) list for impaired waterways, due to high pathogen associated with urban stormwater runoff and collection system failure. In 2004, Second Creek was added to the 303(d) list again for inability to support its designated use classification due for siltation/habitat alteration associated with urban runoff, land development, and bank modification. Designated use classifications for Second Creek include the ability to support fish and aquatic life, recreation, irrigation, livestock watering and wildlife, and industrial water supply. In order to further understand the implications that urbanization has on the lowering of water quality of Second Creek and other similar urban streams, this study investigated how the quality of source roadway storm water runoff changes throughout various scales of the watershed.
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[bookmark: _Toc412832253]2.1.1 Pathogen Indicator Organisms
Pathogenic organisms that potentially are responsible for waterborne diseases such as typhoid and paratyphoid fever, dysentery, diarrhea, and cholera, have been observed in highway runoff (Sartor and Boyd, 1972; Gupta et. al., 1981). It is difficult to identify specific pathogenic organisms in a water sample. The number of pathogens in a normal sample usually is very small and it is difficult to isolate the pathogens from the other bacteria in the sample. Water quality samples are analyzed for “indicator organisms” that signify the potential presence of pathogens. Total coliform (TC), fecal coliform (FC), and fecal streptococci (FS) are indicators used in bacteriological analyses of water. Fecal coliforms and fecal streptococci are bacteria found in the digestive tract of warm-blooded animals. The presence of fecal coliforms and fecal streptococci may be an indication of pathogenic organisms. Additionally, the ratio of fecal coliforms to fecal streptococci may be used to determine the origin of the contamination. Domestic animals have a FC/FS ratio that is less than 1.0, whereas the ratio for humans is typically greater than 4.0 (Metcalf & Eddy, Inc., 1991). A total coliform count includes both the fecal coliforms and the coliforms found in soils.

Coliforms generally die off quite rapidly in receiving waters (Sartor and Boyd, 1972). Bacteria also are removed from runoff streams by filtration, adsorption, desiccation, radiation (sunlight), predation by other bacteria, and exposure to other adverse conditions (USEPA, 1981). Therefore, any relationship between the number of coliforms on the highway surface and the number that may be found in adjacent receiving streams is difficult at best.


[bookmark: _Toc412832254]Chapter 3: Materials and Methods
[bookmark: _Toc412832255]3.1 Study Design
[bookmark: _Toc412832256]3.1.1 Region Specifics
Water quality samples and flow rate data were taken from four locations within Second Creek Watershed near the intersection of Merchants Drive and Interstate-75. The topography of the Second Creek watershed is characterized by mostly rolling ridges and valleys. The region has a humid subtropical climate with regular periods of below freezing temperatures in winter. Air temperature in Knoxville ranges from an average January low of 38° F to an average high of 78° F in July. In the average year there is 47.9 inches of total rain, 6.5 inches of snow, and 125 wet days (NWS, 2014). Approximately 51% of the land in the Second Creek Watershed is used for residential land purposes, compared to 22 % for commercial and industrial uses. Forest covers 24% while agricultural land uses occupy 3%. The entire 6.27-mi2 Second Creek Watershed was found to be approximately 41% urban. In the last 20 years, Knoxville has seen significant increase in urban development, resulting in extensive degradation of its surrounding watersheds. In 1998, Second Creek Watershed, along with the watersheds that border Second Creek to the east and west (First Creek and Third Creek, respectively), was added to the EPA Region IV 303(d) list for impaired waterways, due to high pathogen associated with urban stormwater runoff and collection system failure. In 2004, Second Creek was added to the 303(d) list again for inability to support its designated use classification due for siltation/habitat alteration associated with urban runoff, land development, and bank modification. Designated use classifications for Second Creek include the ability to support fish and aquatic life, recreation, irrigation, livestock watering and wildlife, and industrial water supply.

[bookmark: _Toc412832257]3.1.2 Site Selection
Site selection involved identifying a point along an impaired urban watershed with as little distance as possible between the stream and source of roadway runoff. This location was selected due to the close proximity of Second Creek to the Interstate highway and the high traffic, multilane roadway of the highway itself.

The data for this study is collected within upper region of Second Creek Watershed, centralized at intersection of Merchants Drive and Interstate-75 Exit 108 in north Knoxville, Tennessee. At this location, the flow of Second Creek travels west underneath the interstate right-of-way via a 10-ft rectangular concrete channel. I-75 at Merchants Dr. consists of 6 lanes in total with north- and south bound traffic separated by a concrete barrier. Runoff from the innermost lane drains to drop inlets at the dividing barrier where it is piped to a grassy slope just beyond the shoulder of the roadway. Runoff from the outermost lane drains to the shoulder and flows directly off the roadway surface to the grassy slope. Concrete conveyance ditches located on either side of I-75 direct stormwater runoff to Second Creek. Within the northern grassy portion of Exit 108, a network of concrete swales direct flow to a central drainage point where it meets with Second Creek. 

Stream samples are taken at two points along Second Creek, one upstream of the roadway sampling point and one downstream, labeled SC1 and SC2 respectively. Site SC1 is located at the west end of the rectangular concrete conveyance channel. The channel dimensions are documented as 10-ft x 6-ft x 491-ft. A shallow bed of course sediment lined the bottom of channel throughout its length and near the exit the walls of the channel were caked with a silty debris.  To ensure accurate sampling, samples were taken at a point (approx. 20-ft inside) where no natural alterations were made to the channel walls. 

Site SC2 was chosen approx. 300-ft beyond where Exit 108 discharges to the creek. The site was located at the end of Hubbs Road along 1-75 South. At this location Second Creek has a much larger flow. The catchment area for the downstream site is 5.10 km2 while the upstream catchment area is 2.40 km2 or 47% of the watershed of the site.  Land use in downstream portion of the watershed is 70% residential, with 38% residing within the upstream catchment area. Commercial land use comprises 27% of total catchment area, 7% of which is in the upstream catchment. Approximately 29% of the downstream catchment is covered in paved surface, with 10% within the upstream portion of the catchment basin. 

Roadside sampling is taken at two points within Exit 108-North of Interstate-75, labeled RO1 and RO2. Samples from the RO1 site are taken as close to the road surface itself via a stormwater drop-inlet outfall. RO1’s catchment area encompasses approx. 3000m2 of roadway, all impervious, collecting from I-75-North. At its discharge point, the RO1 stormwater runoff is directed down the slope of the elevated roadway following a slightly curved concrete paved ditch where it immediately drains into the second sampling point, RO2.  RO2 is located on the far western side of I-75’s right-of-way along west-bound Merchant’s Drive where all runoff within Exit 108-North converges through a single 24-inch MS4 pipe discharging to Second Creek. R02 has a catchment area of approx. 31,600 m2, of which 15,600 m2 is interstate roadway. 
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Automatic flow measuring and sampling systems were installed and operated at four locations within the watershed. Water quality samples were collected during runoff events at each location within the site with an automatic sampler (ISCO 6712). Water levels at each location were measured using area velocity flow meters (ISCO 750). Flow rate conversion is determined by measuring level, velocity, and cross-sectional area of the channel. A sensor probe placed in the channel flow path measures both liquid level and velocity. An internal differential pressure transducer located on the bottom of the probe converts hydrostatic pressure to liquid level. A second pair of ultrasonic transducers located within the probe measure velocity through the utilization of ultrasonic sound waves and the Doppler Effect. Cross-sectional area is determined using programed channel dimensions. In the event that the channel was an irregular shape, such as the creek bed at the downstream sampling location, area was calculated using multiple level-to-area data points.

Each sampling station included a 12-volt battery to power the flowmeter and sampler. A solar panel (SunWize OEM 40) recharged the battery. The sampler, flowmeter module, and battery were housed in a large steel enclosure. A rain gauge (ISCO 674) also was placed at each sampling location to measure rainfall. All automatic samplers were programed to sample runoff based on the volume of runoff flowing past the sampling point. At each location the samplers were programed to draw samples at set volumes of flow. Sampling was initiated by the rain gauge when rainfall volume exceeded a predetermined value within a certain timespan. The information recorded at the automatic sampling station included rainfall volume and intensity; runoff liquid level and velocity; and sampling times. These data were downloaded from the sampler to a proprietary transfer device (ISCO 581) and uploaded to desktop computer where it was converted to text format, and exported to Microsoft Excel.
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03/16/14 1 32,876 7.9 80 36 2.3 ND 17 14 ‒ ‒

04/03/14 2 186,011 8.4 84 16 0.82 ND 10 3.5 ‒ ‒

04/27/14 3 2,487 7.4 51 27 5.7 ND 31 19 627,000 42,000

04/28/14 4 139,991 8.0 89 34 1.7 ND 22 7.8 88,000 4,000

04/30/14 5 28,001 7.6 36 22 2.2 ND ND 7.4 5,000 500

05/01/14 6 4,896 7.9 29 20 1.6 ND ND 13 ‒ ‒

05/14/14 7 24,998 8.0 35 17 2.4 ND 16 9.9 275,000 4,000

05/23/14 8 15,774 8.5 141 43 8.6 ND 122 13 110,000 9,000

05/25/14 9 10,500 7.4 96 32 6.8 ND 133 14 140,000 3,000

06/05/14 10 7,763 7.8 64 21 2.0 ND 58 17 113,000 9,000

06/10/14 11 15,202 7.8 41 15 2.0 ND 112 12 143,000 3,000

07/18/14 12 25,301 6.9 28 11 2.7 ND ND 11 288,000 67,000

07/20/14 13 21,001 7.2 16 5.6 1.3 ND ND 5.9 50,000 6,000

07/27/14 14 34,501 7.6 68 21 1.8 255 ND 3.5 33,000 13,000

08/02/14 15 140,611 7.6 17 8.8 ‒ ‒ ‒ ‒ 130,000 3,000

08/10/14 16 15,400 7.9 43 24 1.4 ND ND 4.6 78,000 3,000

08/20/14 17 20,999 7.6 8.3 6.7 0.90 ND 176 3.4 10,000 4,000

08/30/14 18 45,986 7.8 57 26 1.1 ND 53 2.9 78,000 29,000

09/02/14 19 30,967 8.9 19 11 0.80 ND ND 5.2 60,000 17,000

09/11/14 20 49,006 7.8 78 27 1.8 ND ND 5.2 65,000 49,000

10/06/14 21 24,198 8.0 132 57 ‒ ‒ ‒ ‒ 28,000 16,000

10/10/14 22 33,004 8.0 23 12 1.7 99 19 8.1 10,000 8,000

10/14/14 23 146,073 8.3 10 10 0.52 ND 80 2.5 ‒ ‒

10/29/14 24 46,315 8.0 21 13 2.2 239 40 6.9 110,000 57,000

11/17/14 25 138,336 7.9 11 8.5 0.97 ND 15 5.3 30,000 17,000
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 TSS, total suspended solids; VSS, volitile suspended solids; NH4, ammonium; PO4, orthophosphate; SO4, sulfate; TC, total 

coliform; FC, fecal coliform; ND, not detected.


