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ABSTRACT

	Energy constraints have led many agencies to seek alternative energy sources. Bioenergy crops may provide one source for renewable energy. Switchgrass is a resilient cellulosic grass that may contribute greatly to the bioenergy scene. In this study a hydrological analysis is conducted to determine the impacts that Switchgrass may have on the environment if production were to increase. The three factors considered in this study are the runoff potential, soil erosion potential, and nutrient transport potential. The NRCS Curve Number method will serve as the runoff potential indicator. The Revised Universal Soil Loss Equation (RUSLE) will be used to determine the runoff potential of Switchgrass through the cropping factor (C-factor). Finally, Total Nitrogen and Total Phosphorus will be the key indicators of nutrient transport potential. 
[bookmark: _GoBack]	Curve Number (CN) calculations have been broken down into three methods. The first method is the standard NRCS method which gives an average CN value of 91. Next, 
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[bookmark: _Toc381307287]CHAPTER I 
Introduction and General Information

[bookmark: _Toc381307288]Bioenergy Crops (examples)
Add the energy crisis intro to develop an understanding of the need for the values to be included in the creation of the need for bioenergy crops. Follow this up with the 30x30 development and its implications on the bioenergy market. 
	If you’ve got “show formatting marks” on, you’ll see that there is a line break and not a paragraph break between the two lines of the chapter titles. This will allow them to be automatically placed on the same line in the table of contents, instead of having two separate entries for the same page. You can put in a line break by pressing SHIFT+ENTER instead of ENTER alone.

You may use single, double, or 1.5 spacing. You may use any font of your choosing, but you must be consistent, and the font must be embedded or at least subset in the document. This will happen automatically if you use Adobe Acrobat. Use subheadings consistently. Check spacing, capitalization, and punctuation.
Use of styles is helpful in generating a table of contents. This sample document uses the headings to automatically generate the table of contents, list of tables, and list of figures. 

Break down the list of usable bioenergy crops as possible 30x30 qualifiers. These will be the crop types compared later in the results and conclusions so be specific!!
Once you use styles to generate the lists, you can update them quickly and easily. Use of styles is helpful in generating a table of contents. This sample document uses the headings to automatically generate the table of contents, list of tables, and list of figures. This document is set up to follow APA as well as UTK Guidelines. If you want to change formatting for the headings, you can highlight heading or other text you wish to change, then either change the font and then find whatever style you wish to change in the Styles window. Right click on that style and choose “Update [Style] to match selection.” Alternatively, you can choose “Modify” to change the style without choosing text.

[bookmark: _Toc381307289]Switchgrass
Discuss the make-up and derivations of the modern grass as it is developed for bioenergy today. 
Don’t forget to have your thesis/dissertation reviewed by the thesis/dissertation consultant before the preliminary review deadline. If you wait until the deadline to schedule an appointment, it is likely that you will not be able to get an appointment. 
[bookmark: _Toc381307290]Predicted Impacts of the Switchgrass Implementations
Introduce the ability of the grass to change the hydrological environment. Provide “pre lit review” predictions and impacts.
[bookmark: _Toc381307291]What is needed to meet the 30x30?
Bring in developments in the grass as a viable option for the widespread implementations of the grass. Can this be the a truly viable option or is this the theoretical world at odds with the 
Use of styles is helpful in generating a table of contents. This sample document uses the headings to automatically generate the table of contents, list of tables, and list of figures. 
Once you use styles to generate the lists, you can update them quickly and easily. Use of styles is helpful in generating a table of contents. This sample document uses the headings to automatically generate the table of contents, list of tables, and list of figures. This document is set up to follow APA as well as UTK Guidelines. If you want to change formatting for the headings, you can highlight heading or other text you wish to change, then either change the font and then find whatever style you wish to change in the Styles window. Right click on that style and choose “Update [Style] to match selection.” Alternatively, you can choose “Modify” to change the style without choosing text.





[bookmark: _Toc381307292]CHAPTER II 
Literature Review

Tables and figures embedded within the text should be placed on either the same page as the first mention in the text, or on the page following the first mention of the text. Large tables and figures should be placed on a separate page. Table 1 is larger than ½ a page and therefore is placed on its own page. The page before the table/figure should be a full page of text, unless it happens to occur at the end of the chapter. This applies even if a paragraph must be broken across pages.

[bookmark: _Toc381307293]Bioenergy Crop CNs

Tables and figures may be placed on dedicated pages even if they are small. You should try to avoid leaving large blocks of white space on text pages, but you can leave white space on pages that just have tables or figures. 

[bookmark: _Toc381307294]Heading 3
Tables and figures may also be placed in an appendix at the end of the thesis/dissertation. If you do this, be sure to note that the tables/figures are located in the appendix. This can be done either parenthetically or with footnotes.  You may place all tables and figures in an appendix, or just a few. If you choose to place all tables and figures in the appendix, you can note that “All tables and figures are located in the appendix” after the first mention of a table or figure.

[bookmark: _Toc381307295]Heading 3		
	Table titles should be placed above the tables. Figure titles should be placed below. The font for tables must match the font for the body of the text. All tables must have at least 2 columns and a heading row. Tables must also have at least 3 grid lines. These lines include the line above the table, the line below the heading row, and the line below the table.

[bookmark: _Toc381307296]Heading 3
	The font for figures can differ from the font for the body of the text.  The font for the figure number and title must match the font for the body of the text. You may use color figures or black and white. If you use color, make sure the figure makes sense when it is printed in black and white.
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Table 1. Comparison values for C_factors and CNs (listed by source)
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CHAPTER III
Materials and Methods
[bookmark: _Toc381307298]Site Design
[bookmark: _Toc381307299]Study Area

The study area was selected based upon Switch Grass availability. Originally three separate farms were established as viable study sites. These farms consisted of a total of seven sampling locations. Before any useful data could be collected, two farms were switched out of Switchgrass production to make room for other crops. In East Tennessee the active Switchgrass farms were quickly dwindling. For this study the only farm included in the analysis was Thompson Farm .Thompson Farm is located in Monroe County which is found in East Tennessee between Chattanooga and Knoxville. Average rainfall on Thompson farm is _ cm (_in) per year with the wettest months being in the _ and the driest months in the _. Soil types consist of silty loams and clays on the field of interest. All soils in the study area can are categorized by Hydrologic group B.
	Within Thompson farm, four study sites were installed. These sites were numerically named based upon installation order. Thompson three was later removed due to technical errors of the equipment and frequent wildlife intrusion. The remaining sites retained their original labels as seen in figure 1 where the sites skip Thompson three. The three remaining sites were located at opposite sides of the Switchgrass field to better represent the differing topography across the farm. All sites were installed in a manner that ensured Switchgrass was the only crop type within the contributing area of sampling.
[bookmark: _Toc381307300]Experimental Plot Design

	Each site was outfitted with the following equipment: (1) ISCO 3700 Portable Sampler, (2) ISCO 4230 Flow Meter, (3) 45.75 cm (1.5 ft) TRACOM fiberglass H-Flume, and (4) 12 Volt - 55-amp-hour all weather Power Sonic sealed rechargeable battery (Figure 2). In order to better corral the runoff flows into the sampling equipment, plastic berms were attached to the head of the flume and extended upslope approximately one meter. A concrete pad was poured between each berm to reduce any relative roughness immediately upslope of the sampling efforts. In addition to each site’s standard equipment, an ISCO tipping bucket rain gauge was added to Thompson 1 for precipitation measurements during the study period. All equipment was tested and calibrated prior to implementation to the field.
	Data acquisition and runoff sampling were directly tied into the flume design. The sampling tube and bubbler line both connected directly to the flume’s cast in place wells by the use of a hollowed metal tube. These tube lengths and depths are calculated based upon the flume size. The bubbler line from the ISCO 4230 Flow Meter determined water level based upon induced pressures in the still wells. The sampling well is positioned opposite of the bubbler line well as a potential indicator of flume misalignment.
[bookmark: _Toc381307301]Sampling Efforts

The ISCO 3700 Portable Samplers connect directly to the ISCO 4230 Flow Meters allowing for conditional programming options as well as data transfer. The sampling unit offers options based on sample timing, volumes, and compositing. Data collection and conditional programming options are completed with the flow meter. For the purposes of this study all collection efforts were conditionally based. Runoff was collected at even flow increments after the water level reached a minimum sampling tolerance. Maintenance and runoff collection were performed on a weekly basis with data collection completed on a biweekly basis. 

[bookmark: _Toc381307302]RUSLE

[bookmark: _Toc381307303]R Factor
Rainfall impact and rainfall associated runoff potential are summarized in RUSLE’s Rainfall-Runoff Erosivity Factor (R-factor). The R-factor is comprised of two major components. The first component is the energy (E) of a given event. Total storm energy is calculated empirically from average storm raindrop diameter and falling velocity by the following equations:


Equation 1: Kinetic Energy Calculations
Where em is the kinetic energy per event with units of megajoule per hectare per millimeter of rainfall (MJ*ha-1*mm-1) and im is the storm intensity in millimeters per hour (mm*hr-1). The second component of the R-factor is the maximum 30 minute storm intensity (I30). These two components are then multiplied to calculate the total R-factor for one event. Individual storms may be summed over a year to get the annual R-factor. (AH703)
	Another option for determining the R factor of a site is to use isoerodent maps. Originally published by Wischmeier and Smith (1965), these isoerodent maps present lines of equal R-factors across the Southeast United States. These maps provide an avenue for quickly estimating the values by visual interpretation. Although this method may seem rough, it is a viable option for estimating values with moderate confidence.
	For the purposes of this study all EI30 values were directly calculated from the precipitation data of the site. This allowed for a reduction of data when the AH703 constraints are applied. Precipitation events less than 12.7mm (0.5in) were excluded from the analysis unless a minimum of 6.35mm (0.25in) fell within any 15 minute period. Excluding these values helps to reduce the smallest events. (AH703)

show the table of RUSLE factors that contributed to the C factor on next page to have as a reference to the following factors.
Don’t forget to refer to all tables/figures by number within the text. Once you have mentioned a table/figure, you must place it on the next page. For instance, if you mention figure 1 it should be placed on the next page.


[bookmark: _Toc381307304]K Factor
The soil erodibility factor (K-factor) estimates the interactions of a soil’s properties with its ability to resist storm erosion. Soil is immeasurably complex, so it is understandable that the soil factor here can be highly complex as well. For the sake of this study, K-factors have been downloaded directly from the USDA. Using the USDA web soil survey (http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm), values corresponding to individual soil types were downloaded within the farm boundary. These values were then calculated for each site by a weighted average method. The K-factor map associated with Thompson farm is shown in figure _. Under standard unit plot conditions the units for the K-factor are presented as ton*acre*hr*(hundreds of acre*ft*tonf*in)-1. K-factors are then given in terms of a ratio to the unit plot condition.

Seasonality may be looked at with Yoder to determine the changes through the season (problems include discontinuous data).
Include a map of the K factors as they are determined from the GIS maps of Thompson farm. Show the line of influence for the weighted value of Thompson 4.
[bookmark: _Toc381307305]LS Factor
LS factor was determined by the method outlined in AH703 with a simple survey and hand calculations.
Show the values that were hand calculated for the LS values and provide a comparison with the AH703 values given in the major tables.
[bookmark: _Toc381307306]P Factor
P factor is assumed to be the “worst case” scenario. 
Reference the Yitayew article for “worst case” backup.
[bookmark: _Toc381307307]A Value
SSC from laboratory procedures (EPA?) are unit converted and summed to become event based and annual total loads.
Reference the total sample size as well as any combination methods (average storm rates, sample compositing efforts, and any exclusions from the dataset).
Example calculations of the unit conversion and applicability of the SSC determination?
[bookmark: _Toc381307308]C Factor
C factor is back calculated from the other factors of the RUSLE equation.
Rerefer to the table of determined values to conclude the proper back calculation efforts.


[bookmark: _Toc381307309]SCS Curve Number

[bookmark: _Toc381307310]Standard NRCS Method
Individual storms are pairs of flow and precipitation to determine runoff potential.
[bookmark: _Toc381307311]Frequency Matching Method
Storm precipitations are ranked independently of flow values. Next these values are realigned to compare “like” ranks of storm frequencies. These values are intermediates of the asymptotic method but do further back up the Standard method conclusions. 
[bookmark: _Toc381307312]Asymptotic Matching Method
Hawkins suggests asymptote matching to create the limit of the CN. The basic assumptions in the method are that the value of the CN is variable based upon the amount of precipitation received as well as the idea that under standard asymptotic conditions the CN will eventually reach a point of diminishing returns for the decrease in its value. 

[bookmark: _Toc381307313]Nutrient Transport
Summarize based on? Need to talk to Dr. Schwartz to determine the comparison needed for the project deliverables. Maybe total Nitrogen and Phosphorus transported during the rain event? It could be a concentration value as well?
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[bookmark: _Toc381307314]
CHAPTER IV 
Results and Discussion
[bookmark: _Toc381307315]RUSLE
C-factors calculated to be very very low. Provide feedback for the relatively low values. Present comparable crops (lit review section?) as an indicator of worth.


If you’ve got “show formatting marks” on, you’ll see that there is a line break and not a paragraph break between the two lines of the chapter titles. This will allow them to be automatically placed on the same line in the table of contents, instead of having two separate entries for the same page. You can put in a line break by pressing SHIFT+ENTER instead of ENTER alone.

Another chapter, and I’ve run out of things to say. I kind of hope a template will help some. Remember that consistency is the most important thing. You may use any spacing style or font as long as you use it consistently. It should also be legible. Rules for placement of tables and figures are more specific. Good luck with your writing!

[bookmark: _Toc381307316]CN

Values calculated for the CN are higher than predicted. 
Show a comparison of like values to estimate the runoff potential by common practices. Show the figures for the standard CN calculations and the trendlines.

Values calculated from the reranking are very similar to the standard CNs
Show the figures for these reranked values and their trendlines

Asymptotic CN calculations provide a very low number. Explain why this is reasonable and provide comparable crops/designs for this threshold value. 
Show the figures of the asymptotic alignments and the threshold values
[bookmark: _Toc381307317]
CHAPTER V 
Conclusions and Recommendations
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You’ll put appendix material here. This section is optional as well. You can place tables and figures in the appendix if you like. If you choose this option, you should indicate that tables and figures are in the appendix after the first mention in the text. You can place some tables/figures in the text and others in the appendix.
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