Chapter 1: Introduction
[bookmark: _GoBack]The Townhouses South complex consists of 26 individual units.  Each unit has a crawlspace beneath it that extends 3 to 4 feet down.  In 20 of the crawlspaces, moisture has been detected.  The most critical of which has nearly 1 inch of water collected and is one of the centrally located units.  The moisture can cause termites, mold, and structural deterioration if the problem persists.  Currently, the only step taken in response to the moisture has been to place fans in the crawlspaces to circulate the air.  The purpose of this study is to determine solutions to eliminate the presence of moisture in the crawlspaces.
The townhouses are set up with 12 units on each side of a paved road.  Several culverts are strategically placed in the lower areas to collect water.  To determine the cause of the excess water in the buildings, soil and hydrologic analyses were conducted.
For the soil analysis, soil samples were collected from in-situ conditions. American Society of Testing and Materials (ASTM) standards were followed in the performance of laboratory tests.  The results provided the hydraulic conductivity and enabled the classification of the soil.  For the hydrologic analysis, the area and properties of the watershed was found using a topographic map.  The computer program, HEC-HMS, was run to determine the losses incurred from a 2 year, 24 hour storm.  
With the analyses completed, the most effective designs to mitigate the problem were found to be:  pump design, regrading the topsoil, and a storm water collection system. 




	Chapter 2: Team Management	
Senior Project I was comprised of four components.  The first component necessary for completion was team management.  To remain on schedule during the semester, a Gantt Chart was created.  This outlined the duration and deadlines for individual tasks.  By adhering to the established schedule, all tasks were completed on time.  Additionally, weekly meetings with the team’s advisor were arranged for Tuesday afternoons.  The purpose of these meetings was to inform the advisor of all progress, as well as, ask questions to gain the insight needed to continue to move forward.  Team meetings also allowed for the sharing of data from the project’s three other components, soil analysis, hydrologic analysis, and computer modeling.  Only with collaboration of the data was it possible to determine potential design solutions.  Meeting minutes were logged and displayed on the team’s website.  The purpose of the website was to inform the public of the Townhouse South Wastewater Management senior project.  The website included team member’s information, background information, meeting minutes, and any presentations given.  Figure 2.1 provides a picture of the website.  
[image: ]
Figure 2.1.1: The website for Townhouse South Wastewater Management, found at http://stormwatertcnjtownhouses.weebly.com/
Chapter 3: Background
3.1 Overview
The campus architect detailed the extent of the moisture problem within the townhouses.  A topographic map of the area was obtained so that the hydrologic analysis could be completed.  The New Jersey Best Management Practices Manual (BMP) was used as a guide.
3.2 Best Management Practice Research
	The New Jersey Best Practice Manual provided the necessary steps to complete the percolation test on the soil. The detailed procedure was found in Appendix E.  The manual will be utilized for the designs in Senior Project II.
3.3 Site Description
The southwest side of the townhouses has an elevation of 123.1 feet and at the northeast end the elevation is 98.0 feet.  The baseball outfield is oriented to the west of the townhouse units.  The elevation of the field is 10 feet greater than that of the townhouses.  Figure 3.3.1 illustrates the location of the townhouses.  The area was divided into two distinct watersheds, impervious and pervious material.  The areas of these watersheds were calculated to be 0.98 acres and 0.94 acres, respectively.  Figure 3.3.2 shows the two different watersheds.  Using i-MapNJ, the area was determined to not be a wetland. 

Figure 3.3.1: Aerial photo of Townhouses South
[image: ]
Figure 3.3.2: Watersheds of townhouses. Red border represents impervious material, blue border represents pervious material
Figure 4.1.1 indicates the locations where soil samples were obtained, the percolation test run, and the ground water well installed.  All spots were verified by TCNJ utilities to confirm that digging would not interfere or hit any pipelines.  The groundwater well and soil sample boring holes were obtained behind the most critical units, and both extended further into the ground then the crawlspaces. 
3.4 Conclusion
In order to design the most effective solutions to mitigate the problem, it was concluded that a soil and hydrologic study would need to be performed.  The soil analysis provides the hydraulic conductivity, ground water elevation, and soil classification.  The hydrologic analysis provides the flow of water of the watershed.


Chapter 4: Soil Analysis
4.1 Overview (Beth Lafferty)
	Soil analysis was conducted on site at TCNJ’s Townhouses South to classify soil properties as well determine the cause of the water infiltration of water in the townhouses crawlspaces. Field tests were conducted within the watershed area. Groundwater table monitoring was completed along with percolation tests which determined the hydraulic conductivity for the soil. Additionally, soil samples were obtained using hand augers in two locations. These soil samples were brought to the TCNJ Soil Mechanics Laboratory where additional testing was performed. Figure 4.1.1 below shows the locations of the two boring holes, the two test holes for hydraulic conductivity as well as the location of the groundwater table monitoring well. The data obtained from the field and laboratory testing were utilized to classify the soil under Burmister Soil Identification. I-MapNJ DEP was utilized to confirm that the area of interest is not a wetland, therefore eliminating wetland restrictions placed on possible design solutions (see Appendix D).
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Figure 4.1.1: Location of Soil Borings, Percolation Tests, and Groundwater Table Monitoring Well


4.2 Soil Sampling (Kelly Hommen)
	Soil sampling was conducted in two locations within the Townhouse South watershed. Samples were obtained using hand augers. Both soil sampling holes were dug to a depth of 7.5 feet. Samples were collected every 1 foot. Prior to the sampling, permission to dig was obtained from the TCNJ Facilities Department. This was done to confirm that there would not be any digging on existing utility lines and safety would be ensured.
	To perform the soil sampling, hand augers were obtained from the TCNJ Soils Laboratory. Collected samples were gathered every 1 foot and placed into gallon sized zip-lock bags. According to the NJBMP manual, information obtained from the top 60 inches would provide sufficient information for design purposes. Boring was extended an additional 36 inches in an attempt to reach the groundwater table, soil samples were collected along the way. Despite excavating to a depth of 7.5 feet, we were not able to locate a groundwater table.  A groundwater table monitoring well was installed and will be explained in greater detail in Section 4.4 Groundwater Table Monitoring Well.
On September 20, 2012, our first boring location was augured to a depth of 7.5 feet. This location was labeled Boring Sample 1. Boring Sample 2 was also started on this day, but was not fully completed until October 1, 2012. The location of all the boring holes as well as groundwater table well and percolation test sites can be seen in Figure 4.1.1.
All soil testing conducted in the lab was performed following the American Society of Testing Materials (ASTM) Standards. To perform the moisture content test, moisture content needed to be completed within 24 hours of obtaining the soil samples. As a result, the results for moisture content were obtained on September 21, 2012. To complete sieve analysis, each sample was oven dried for 24 hours and broken into small pieces using the mortar and pestle. Sieve analyses were conducted September 25, 2012 until October 2, 2012. 	Comment by Vedrana: Washing through #200 sieve should have been done
Four soil layers were identified during our soil sampling process. The top 3 feet consists of course sand and gravel with trace amounts of silt. The second and third stratums are similar, course to fine sand with trace amounts of silt. Despite the similarities, the second and third stratums were separated because of a 1.5% difference in moisture content. Finally, the fourth stratum consists of fine sand and clayey silt. The Atterberg Limit tests were performed to confirm the presence of clayey silt in this stratum. The complete soil profile generated from the sampling and testing procedure can be seen in Section 4.6, Figure 4.6.1.


4.3 Field Testing (Kelly Hommen)
	In order to propose potential design solutions for the Townhouses South, the hydraulic conductivity of the soil needed to be obtained. To determine the hydraulic conductivity of the soil, a field percolation test was conducted. These values were then compared to the empirical values to confirm soil properties. To obtain the field values for hydraulic conductivity, a percolation test must be completed. This test was performed using the NJBMP Manual, shown in Appendix D.
	The basis of a percolation test is to monitor the rate of infiltration of water into a specified soil layer. As seen in Figure 4.1.1, the percolation test was conducted in two locations. Percolation Test 1 analyzed the top 5 feet of our soil profile. Percolation Test 2 analyzed the top 3 feet of the soil profile.  We were unable to conduct percolation testing on the bottom layer of the profile as it was too far below the surface to read the change in water level. The field percolation test was performed on September 21, 2012. Both testing locations were conducted in areas that we found to be the most prone to flooding during rain events. Figure 4.3.1, shown below, illustrates the schematic for a proper percolation test.
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Figure 4.3.1: Percolation Test (NJBMP Manual)	Comment by Vedrana:  I would strongly suggest redrawing this figure, it is imapossible to read anything.
	The percolation test conducted at the second hole was not completed due to the fact that the water took more than 4 hours to fully infiltrate into the ground. The first test hole indicated a hydraulic conductivity that was significantly lower than the empirical value. As a result, the findings from Percolation Test 1 and 2 were averaged together. For conservative analysis the hydraulic conductivity was measured to be 0.001323 ft/min. Section 4.7 displays the field values for hydraulic conductivity versus the empirical values.	Comment by Vedrana: SO this is the most critical location.



4.4 Groundwater Table Monitoring Well (Beth Lafferty)
	To complete a design based on NJBMP parameters, the depth of the seasonal high groundwater table was required. To confirm the location of our groundwater table, a groundwater well was installed and equipment was purchased to monitor that well. 
 (
Figure 4.4.1
: Groundwater Monitoring Well (Profile View)
)[image: ]	


	To assist in our data collection, the groundwater monitoring well was constructed at the location of most accumulation of water in the Townhouse’s crawlspaces. The location of this well can be seen in Figure 4.1.1. The well was completed using a hand auger and dug to a depth of 7.5 feet. A profile view of the construction of the well is seen in Figure 4.4.1. A two inch PVC pipe was used to form the walls of the well. The bottom 3 feet of the PVC pipe was perforated using a drill with 1/8 inch holes. On the outside of the well, the bottom 3 feet were surrounded with 3/8 inch and 3/4 inch aggregate obtained from the TCNJ Soils Laboratory. This aggregate is used to prevent soil from infiltrating into the pipe and altering the results.



[image: ]The well was completed on October 1, 2012 and consequent readings were taken on October 26, November 6, and November 26, 2012 to measure any fluctuations in groundwater depth (sample reading shown in Figure 4.4.2). Groundwater readings were obtained using the Solinst Water Level device purchased by TCNJ. In each of the attempts, there was no groundwater detected. 




 (
Figure 4.4.2
: Groundwater Monitoring Well
)

4.5 Laboratory Testing (Kelly Hommen)
	Soil samples were collected at two boring locations at the Townhouses South location. These samples were placed in zip-lock bags, labeled, and brought to the TCNJ Soils Laboratory for further testing. The purpose of these laboratory tests was to classify the soils. Soils were classified under the Burmister Soil Identification Method. All tests performed were completed in accordance with ASTM standards and procedures.
	There were two tests that we conducted on each soil sample. The results from these tests indicated a need for further, more substantial tests. The two tests were moisture content and sieve analysis. Moisture content was conducted within 24 hours of obtaining the soil samples from the field. Sieve analysis was conducted to determine the grain size distribution of soil samples. The complete results from these tests can be seen in Appendix D.
	Further testing was conducted on samples collected at a depth greater than 5 feet as there was a noticeable amount of soil passing through the No. 200 sieve. To classify the soil deeper than 5 feet, the Atterberg limit tests were performed. The tables and figures below represent all the completed laboratory testing.




Natural Moisture Content (ASTM D-2216)
	Moisture content is defined as the percentage of water weight present in a particular soil sample. In order to determine the water content, the test must be performed immediately following the collection of the soil samples. Samples were placed on evaporating dishes, massed, and placed in a oven to dry for 24 hours. After that time, the samples were massed again to determine moisture content.
	Table 4.5.1 displays the results of the moisture content testing. According to Das’s Soil Mechanics Laboratory Manual, soil samples with moisture contents of 15-20% are characterized as sand and gravel. Values exceeding 20% are considered to be clayey. The results from this test confirm our classification of our soil profile.
Table 4.5.1: Natural Moisture Content Results
	
	Layer
	Moisture Content

	Sample B2
	0-6"
	15.51%

	
	6"-1'
	12.78%

	
	1-3'
	14.72%

	
	3-5'
	14.56%

	
	5-7'
	12.90%

	
	7-8.5'
	27.19%



Sieve Analysis (ASTM D-422)
	Sieve analysis is conducted to determine the grain size distribution of particles which aids in soil classification. Sieve analysis was performed in the TCNJ Soils Laboratory using a series of sieves. Soil samples were gathered for approximately every 1 foot and tests were conducted on each of these samples. Figure 4.5.1 displays the grain size distribution curve for each soil sample, graphs are displayed semi-logarithmically.  
	Through sieve analyses performed grain size distribution graphs were created. In each of the soil strata, a presence of silt was measured (for complete results, see Appendix D). In stratum 4, approximately 20% of soil passed through the No. 200 sieve. Because there was a noteworthy amount of material passing through the No. 200 sieve, further testing was performed for accurate soil classification. This testing consisted of Atterberg Limits.



	Figure 4.5.1: Grain Size Distribution Curves
Atterberg Limits (ASTM D-4318)
	The Atterberg limits are classified as the liquid limit and plastic limit of a cohesive soil. Liquid limit is measured using Casagrande’s apparatus and determines the moisture content of a soil when it reaches a liquid state. The plastic limit determines whether or not a sample is plastic. Plastic and liquid limits combined help determine the plasticity index of a sample which is required for classification of a cohesive soil. Results for the liquid limit and plastic limit test are shown below in Table 4.5.2

4.6 Soil Classification (Beth Lafferty)
	There are several different types of soil classification systems. For this project the Burmister Soil Identification Method was used. Burmister was selected because of its wide use in industry in New Jersey. The Burmister Identification Method identifies major and minor components within the soil sample. Terminology is explained on a sample Burmister Identification sheet found in Appendix D. 
	Sieve analysis and Atterberg Limit tests were performed in order to classify the samples based on the Burmister Method. The top 3 feet of the soil profile were classified as Brown cm SAND and mf Gravel, trace Silt. The second layer, 2 feet deep was considered Brown cf SAND, little mf Gravel, trace Silt. Stratum 3, reaching from 5 to 7 feet below the surface is classified as Brown cf SAND and mf Gravel, with trace Silt. And finally, stratum 4 is known as Brown cf SAND, some Clayey Silt, little fine Gravel, extending from 7 to 8.5 feet. Atterberg limits confirmed that the cohesive material found in stratum 4 is primarily Clayey Silt. A complete illustration of the soil profile can be found below in Figure 4.6.1.
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	Figure 4.6.1: Soil Profile

4.7 Hydraulic Conductivity of Soil (Kelly Hommen)
	To conduct the field calculation of the hydraulic conductivity of each soil layer, the soil needed to be first classified using Burmister classification. Soil classification was completed using the Burmister Soil Identification and utilized sieve analysis and Atterberg limit tests. The percolation test followed NJBMP parameters. Hydraulic conductivity represents the top 5 feet of the soil profile. Two tests were conducted and these values were averaged together for a conservative design. The values for hydraulic conductivity from the field percolation test are compared to the empirical values shown in Table 4.7.1 below. Empirical values for hydraulic conductivity are found in Appendix D from Das’s Typical Values for Hydraulic Conductivity.
Table 4.7.1: Relationship of Field Calculations to Empirical Values
	
	K (ft/min)

	Field Value: cf Sand, trace Silt
	0.001323

	Empirical Value: Fine Sand
	0.02-0.002

	Empirical Value: Silty Clay
	0.002-0.0002



The numbers compared above in Table 4.7.1 verify that the field values for hydraulic conductivity are consisted with the empirical values, thus confirming our correct identification of soil. 
4.8 Conclusion (Beth Lafferty)
	Design parameters necessary for design were found through soil and field testing methods. Using Burmister soil classification, 4 distinct soil layers were found. The top 3 feet consists of coarse sand and gravel. The second layer is made up of coarse sand and trace silt with a moisture content of 14.56%. The hydraulic conductivity for the top 2 stratums was measured to be 0.001323 ft/min. Stratum 3 is made up of course sand and gravel with a moisture content of 12.90%. Finally, stratum 4 consists of fine sand and some clayey silt. Figure 4.6.1 illustrates the complete soil profile. Through groundwater measuring we confirm that our groundwater table is deeper than 7.5 feet which allows for the potential for underground detention and retention basins. One potential issue that must be addressed is the poor rate of infiltration of water into the ground. During large storm events there is a chance of water accumulating in these crawlspaces as a result of a lack of infiltration into the ground.






Chapter 5: Hydraulic and Hydrologic Analyses
5.1 Overview
	The following chapter discusses the hydrologic analysis performed while assessing the flooding located at Townhouses South.   In order to complete this analysis, an area of interest was created and used to determine the flow due to rainfall affecting the Townhouses.  Topographic maps were used to delineate the watershed, and a planimeter was later used to find the area of the region.
	Using the delineated watershed, the longest hydraulic lengths were determined, as well as the average slopes for the area.  Soil types were found for the area using USDA Websoil Survey, and later used to develop a curve number.  These values were then used to calculate the lag times for the watershed using the SCS Regression Method.
	The lag times were then inputted into HEC-HMS, a computer program that performs a hydrologic simulation in order to evaluate water flow in an area.  The program then outputs a peak discharge and volume that will be used to analyze future designs.

5.2 Watershed Delineation
	In order to perform the hydrologic analysis, a watershed containing the area of interest must be delineated.  This watershed must contain the total land area that contributes to the flooding in Townhouses South.  Topographic maps were provided by TCNJ facilities and were used to outline a preliminary area of flooding.  The highest and lowest elevations were located, and the map contour lines were used to create the watershed.  
After several site visits, it was determined that the baseball field adjacent to the Townhouses would not contribute to the flooding, due to a small retaining wall located between the two regions.  Similarly, the open land adjacent to the townhouses on the South side was eliminated from the watershed, as it was determined to not contribute to flooding in the area.  These findings reduced the size of the watershed greatly, and required further analysis.
	Due to the relatively small watershed area, it was deemed necessary to account for the impervious areas of the watershed, as they accounted for nearly half the total area.  Therefore, two separate watersheds were created, one containing the soil in the surrounding region, and one containing only impervious areas such as the townhouses themselves and the cobblestone walkways.  These watersheds are shown below in Figure 5.2.1.  The white outline depicts the total area, while the red outline shows the impervious area.


[image: ]
Figure 5.2.1: Delineation of both pervious and impervious watersheds

	The watersheds were then outlined on the topographic maps, and using a planimeter, the areas were determined.  The impervious area was found to be approximately 42,723 feet2, or 0.98 acres.  The pervious area was found to be approximately 41,013 feet2, or 0.94 acres.  Longest hydraulic lengths were also measured for both the impervious and pervious areas, and were found to be 645 feet and 735 feet respectively.  These longest hydraulic lengths are shown below in Figure 5.2.2.  The light blue line indicates the impervious longest hydraulic length, and the dark blue line indicates the pervious longest hydraulic length.


[image: ]
Figure 5.2.2: Longest hydraulic lengths for both impervious and pervious areas

5.3 Modeling Site Conditions
	There were other important characteristics of the watersheds that were required to complete the hydrologic analysis.  These included both the average slopes of the watersheds along with the curve numbers.  The average slopes were found by dividing the difference in elevation by the longest hydraulic length, as shown below in Equations 5.3.1 and 5.3.2.
	Impervious:
% ........ (Eq. 5.3.1)
		Pervious:
% ........ (Eq. 5.3.2)
	The curve numbers were determined by first using the USDA Websoil Survey to identify the type of soil located in the area.  The soil found in the pervious region was a consistent type called Metapeake Loam (MbpB).  This soil corresponds to soil type B, and using Table 7.10 from Introduction to Hydrology was found to have a curve number of 69 (for open lawn space in fair conditions).  The impervious curve number was found to be 98, for roofs and paved roads.  Figure 5.3.1 below shows soil types present in the watershed, while Figure 5.3.2 shows the breakdown of this soil.
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Figure 5.3.1: Soil types present in given watershed
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Figure 5.3.2: Breakdown and description of soil types present in watershed area

	Table 7.10 from Introduction to Hydrology can be found in Appendix E.

5.4 Calculating Lag Time
	After determining the characteristics for each watershed, the final step before running the computer software was to calculate the lag times.  There are three separate methods that can be used to calculate lag times; these methods are known as SCS Regression, SCS Segmental, and Snyder’s Method.  For our project we will utilize the SCS Regression method to determine the lag times for each watershed.
The SCS Regression Method determines the lag time by using equations 5.4.1 and 5.4.2  The equation was completed for both the impervious and pervious watersheds by inputting the different curve numbers and longest hydraulic lengths.

Impervious Watershed:
……. (Eq. 5.4.1)

Pervious watershed:
…… (Eq. 5.4.2)

Where: 
	S: 10
CN: Curve Number
LHL: Longest Hydraulic Length (ft)
Savg: Average Watershed Slope (%)

5.5 Conclusion
	After determining the area of interest, watersheds were delineated for both the pervious and impervious areas of Townhouses South. The delineated watersheds were then used to determine the longest hydraulic lengths, watershed slopes, soil types present, and the soil curve numbers. The area of the entire watershed was found to be 1.92 acres, with the impervious area equaling 0.98 acres and the pervious area equaling 0.94 acres. The longest hydraulic length for the impervious was found to be 645 feet and 735 feet for the pervious area. The watershed slope for the impervious area was 3.89% and 3.41% for the pervious area.  Using the USDA Websoil Survey it was determined that the area of interest contained 100 percent Metapeake Loam. The curve number obtained using Table 7.10 from the Introduction to Hydrology was 69 for the pervious area and 98 for the impervious area. 
 	Once all of the watershed characteristics were acquired, the lag times were determined using the SCS Regression method. The lag times were calculated for both the impervious and pervious are and were found to be 3.22 minutes and 11.06 minutes, respectively.

Chapter 6: Computer Modeling

For the hydrologic analysis, the computer program HEC-HMS was used to determine peak flow and total losses values for the watershed.  The inputs that the program requires include the curve number, watershed area, and lag times, as well as rainfall data acquired from NOAA website.  Within the initial basin, two sub-basins were created, one for the impervious and one for the pervious areas.  The characteristics of each area were inputted separately and a junction was used to connect the two. Once the sub-basins were created, the characteristics of the design storm were inputted.  As shown in Table 6.1, the design storm for a residential area is a 2 year storm.  Using the NOAA website, rainfall data was obtained for Townhouses South and the cumulative rainfall was inputted into the program for hours 1, 2, 6, 12, and 24.  After running the simulation it was determined that for a rainfall event of 2 years, the peak discharge was 1.9 cfs and the total losses were 2.59 inches.    The results for each of the sub-basins, as well as the results for the junction can be seen below in Figures 6.1, 6.2, and 6.3.

[image: ]Table 6.1 Land use and design storm return period.
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Figure 6.1: Summary of results for junction
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Figure 6.2: Summary of results for impervious sub-basin
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Figure 6.3: Summary of results for pervious sub-basin



Chapter 7: Future Designs
      After completing the soil and hydrologic analyses, four designs were determined to be effective solutions to the problem.  The four designs include: a rooftop rainwater catchment system, a design for sump pumps in the crawlspaces, an underground storm water collection and recycling system, and lastly, regrading of the soil surrounding the townhouses.  In Senior Project II, these designs will be further analyzed, and a cost analysis will be performed for each.  A recommendation will be made for the design best fit. 

Chapter 8: Conclusion
	It was determined that the presence of moisture in the crawlspaces of the Townhouses South can cause structural deterioration.   To determine the most effective solution to mitigate the problem of excessive storm water infiltration, soil and hydrologic analyses were completed.  The soil analysis determined that the ground water level was below 7 feet, and consequently is below the point to which the crawlspaces extend.  Additionally, the soil was classified as silty sand.  The hydrologic analysis determined that the total water infiltrating within the watershed for a 2 year, 24 hour storm was 2.59 inches. Potential solutions include an underground storm water collection and recycling system, regrading of the soil surrounding the townhouses, a rooftop rainwater catchment system, and a design for sump pumps in the crawlspaces.
. 
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A senior civil engineering student at The College of New Jersey who plans to graduate in May of 2013. Kelly has previous engineering experience through her summer internships with Skanska Civil and most recently Conti Enterprises. Her main responsibilities for this project will focus on the soil profiling and analysis as well as a potential redesign of the townhouses underground water collection system. Outside of the classroom Kelly is a member of TCNJ's softball team.
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Currently a senior civil engineering student at TCNJ, Beth plans to graduate in May 2013. Beth has previous engineering experience while working with Gauer Metal. For this project, Beth takes on the important role of Project Manager.  Additionally, she will perform soil testing and analysis and ultimately plans to design an environmentally safe fiberglass tank. In her spare time Beth enjoys running, playing tennis, and studying for the LSATs.


[image: icture]Mike is a senior civil engineer at The College of New Jersey who plans to graduate this May.  For this project Mike will focus on the hydraulic analysis as well as a design for the use of pervious pavement. In his spare time Mike enjoys playing right field for TCNJ's baseball team.
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A senior at The College of New Jersey who plans to graduate in May of 2013. Chuck has previous engineering experience through his summer internship with EE Cruz. Chuck's main responsibilities for this project will include the hydraulic analysis as well as the design for a detention basin. Outside of the classroom Chuck spends his time playing football for TCNJ.
Engineering Standards and Realistic Constraints Form SPI (BETH WILL SCAN IN)
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Safety Considerations for Stormwater Management for Townhouses South

While carrying out our senior project, we must consider several safety concerns.  In order to complete a soil analysis, data was collected in the field.  The locations for the soil sampling, groundwater well, and percolation tests were all marked.  TCNJ utilities approved these locations and ensured that water and electric lines would not be hit.  For the soil sample holes and the groundwater well, proper utilization of a hand auger was used to reach depths of 8.5 feet and 7 feet, respectively.  Once the soil samples were collected, testing was performed in the civil engineering lab.  In order to work in the lab, several guidelines needed to be followed.  Proper attire was worn in the lab at all times, including closed toe shoes and long pants.  When appropriate, long hair was tied back.  After using the balances, they were unplugged.  Before using the ovens to dry the soil, Dr. Bechtel was notified.  When putting the samples in and out of the oven, protective gloves were worn.  All moisture cans and pans were labeled and recorded to avoid the use of wrong samples.  After completion of a test, all materials used were thoroughly cleaned.  Any spilling of water or soil was wiped up immediately to avoid slipping. Lastly, all tools and materials in the lab were used as intended and handled with care. During this year, we will travel to Villanova University as well as a conference in Atlantic City.  While traveling, all good driving practices will be employed: including driving the speed limit and using seat belts.  Safety is a very important aspect of any project; consequently, we plan to take all necessary measures to ensure our safety and the safety of others.





Appendix B: Team Management

Gantt Chart
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MEETING MINUTES EXAMPLE
September 11, 2012
· Need to speak with ground crew to determine if problem is more surface water or soil problem
· To complete the hydrologic analysis, must determine the contour line distance on topo map 
· Delineate water shed area
· GWT monitoring – drill 6 ft down, should hit water
· Develop soil profile
· Tentatively 4 designs: regrading of area, detention basin, pipe redesign, and green solution

Contact List

Lynda Rothermel - TCNJ Campus Architect
	rotherme@tcnj.edu

Edward Gruber – Director of Building and Grounds for The College of New Jersey
	gruber@tcnj.edu
	(609) 771-2083

Mike Weber – TCNJ Facilities Manager, Baseball and Townhouses
	mweber@tcnj.edu



Appendix C: Site Description


















Townhouses South, with respect to the whole campus, is located behind left field of the baseball field.

Appendix D: Soil Analysis



Natural Moisture Content Results
	
	Layer
	Name
	Mass of Can (g)
	Wet Mass of Soil (g)
	Dry Mass of Soil (g)
	Moisture Content

	B2
	0-6"
	S22
	15.42
	32.09
	27.78
	15.51%

	
	6"-1'
	S20
	15.33
	21.45
	19.02
	12.78%

	
	1-3'
	S24
	15.54
	28.53
	24.87
	14.72%

	
	3-5'
	S26
	15.36
	24.62
	21.49
	14.56%

	
	5-7'
	S30
	15.49
	37.12
	32.88
	12.90%

	
	7-8.5'
	S33
	15.3
	26.85
	21.11
	27.19%

	B1
	6-18"
	Z1-4
	15.28
	31.39
	28.87
	8.73%





Sieve Analysis Results
	B2 1-3 ft

	Sieve No
	Sieve Opening (mm)
	Mass Retained 
	% Retained
	Cum. % Retained
	% Finer

	3/8"
	9.525
	160.36
	0.13
	0.13
	0.87

	No. 4
	4.75
	100.63
	0.08
	0.22
	0.78

	No. 10
	2
	256.05
	0.22
	0.43
	0.57

	No. 30
	0.6
	320.24
	0.27
	0.70
	0.30

	No. 40
	0.425
	110.18
	0.09
	0.80
	0.20

	No. 60
	0.25
	112.62
	0.09
	0.89
	0.11

	No. 140
	0.106
	49.64
	0.04
	0.93
	0.07

	No. 200
	0.075
	20.68
	0.02
	0.95
	0.05

	Pan
	0
	59.31
	0.05
	1
	0

	
	
	
	
	
	

	B2 3-5ft

	Sieve No
	Sieve Opening (mm)
	Mass Retained 
	% Retained
	Cum. % Retained
	% Finer

	3/8"
	9.525
	0
	0
	0
	1

	No. 4
	4.75
	6.84
	0.01
	0.01
	0.99

	No. 10
	2
	95.33
	0.18
	0.19
	0.81

	No. 30
	0.6
	223.63
	0.42
	0.61
	0.39

	No. 40
	0.425
	81.64
	0.15
	0.76
	0.24

	No. 60
	0.25
	48.59
	0.09
	0.85
	0.15

	No. 140
	0.106
	29.06
	0.05
	0.90
	0.10

	No. 200
	0.075
	21.54
	0.04
	0.94
	0.06

	Pan
	0
	30.66
	0.057
	1
	0

	
	
	
	
	
	

	B2 5-7 ft

	Sieve No
	Sieve Opening (mm)
	Mass Retained 
	% Retained
	Cum. % Retained
	% Finer

	3/8"
	9.525
	55.96
	0.08
	0.08
	0.92

	No. 4
	4.75
	24.76
	0.03
	0.11
	0.89

	No. 10
	2
	256.05
	0.36
	0.47
	0.53

	No. 30
	0.6
	64.13
	0.09
	0.56
	0.44

	No. 40
	0.425
	136.05
	0.19
	0.75
	0.25

	No. 60
	0.25
	68.73
	0.10
	0.84
	0.16

	No. 140
	0.106
	54.97
	0.08
	0.92
	0.08

	No. 200
	0.075
	36.51
	0.05
	0.97
	0.03

	Pan
	0
	21.55
	0.03
	1
	0

	
	
	



	
	
	

	B2 7-8.5 ft

	Sieve No
	Sieve Opening (mm)
	Mass Retained 
	% Retained
	Cum. % Retained
	% Finer

	3/8"
	9.525
	0
	0
	0
	1

	No. 4
	4.75
	0
	0
	0
	1

	No. 10
	2
	67.81
	0.12
	0.12
	0.88

	No. 30
	0.6
	119.63
	0.22
	0.35
	0.65

	No. 40
	0.425
	28.63
	0.05
	0.40
	0.60

	No. 60
	0.25
	65.69
	0.12
	0.52
	0.48

	No. 140
	0.106
	124.71
	0.23
	0.75
	0.25

	No. 200
	0.075
	30.47
	0.06
	0.80
	0.20

	Pan
	0
	105.87
	0.20
	1.00
	0.00





Laboratory/ Field Testing Equations

Natural Moisture Content

	
	



Sieve Analysis
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B. Procedures for Permeability Testing (NJBMP manual)
The following methods provide details of the permeability testing that were cited in Section 3a above. 
B1. Percolation Test 
A percolation test can be utilized to establish the permeability rates of soils provided that that percolation test results is adjusted to permeability rate in accordance to ‘e’ below. Percolation tests shall not be conducted in frozen ground or in holes which have been allowed to remain open to the atmosphere for periods greater than three days. The required configuration of the test hole is illustrated in Figure 1. 
a. Equipment Requirements 
The following equipment is required for the percolation test: 
A soil auger, post-hole digger or other means of preparing a test hole as prescribed below; 
A knife or trowel for removing smeared or compacted surfaces from the walls of the test hole; 
Fine (from two to 10 millimeter in diameter) gravel (optional); 
A water supply (50 gallons is generally adequate); 
A straight board (to serve as fixed reference point for water level measurements); 
A clock and a ruler (12 inches or longer, engineering scale); 
An automatic siphon or float valve (optional); and 
A hole liner consisting of a 14 inch section of slotted pipe or well screen, or a 14 inch length of one-quarter inch hardware cloth or other similar material rolled into a tube (optional). The hole liner shall be no smaller than two inches in diameter less than the test hole. 

b. Test Hole Preparation 
The test hole shall be prepared in accordance with the following: 
Step One: Excavate a test hole with horizontal dimensions of eight to 12 inches at a depth such that the lower six inches of the test hole are contained entirely within the soil horizon or layer of fill material being tested. In order to facilitate access to the lower portion of the hole, the test hole may be excavated from the bottom of a shallow pit provided that the vertical axis of the test hole is a minimum of 14 inches measured from the bottom of the pit to the bottom of the test hole. 
Step Two: In soil textures other than sands or loamy sands, remove smeared or compacted soil from the sides and bottom of the test hole by inserting the tip of a knife or trowel into the soil surface and gently prying upward and outward. Remove loose soil from the test hole.
Step Three: At this point, a one-half inch layer of fine gravel may be placed in the bottom of the hole to protect the soil surface from disturbance or siltation when water is added to the hole. If additional protection is desired, a hole liner as described in (a) above may be placed in the hole and the space between the liner and the sides of the hole may be filled with fine gravel. 
Step Four: Place and secure a straight board horizontally across the top of the test hole, as shown in the figure, to serve as a fixed point for depth of water measurements to be made at appointed time intervals throughout the test. 
c. Pre-Soaking of Soils 
All soils, except for sandy textured soils which meet the requirements below, shall be pre-soaked using the following procedure. Any soil which exhibits cracks or fissures between soil aggregates shall be pre-soaked in the following manner regardless of the texture. 
1. Fill the test hole with water and maintain a minimum depth of 12 inches for a period of four hours by refilling as necessary or by means of an automatic siphon or float valve. 
2. At the end of four hours, cease adding water to the hole and allow the hole to drain for a period of from 16 to 24 hours. 
In sandy textured soils, including sands, loamy sands and sandy loams, where a rapid percolation rate is anticipated, fill the test hole to a depth of 

12 inches and allow to drain completely. Refill the hole to a depth of 12 inches and record the time required for the hole to drain completely. If this time is less than 60 minutes, the test procedure may begin as prescribed in (d) below without further pre-soaking. If water remains in the test hole after 60 minutes, the hole must be pre-soaked as prescribed above before proceeding with the test. 


d. Percolation Rate Determination 
Immediately following the pre-soak procedure (no more than 28 hours after the start of the pre-soak procedure), the percolation rate shall be determined using the following procedure: 
Step One: If water remains in the test hole after the completion of the pre-soak period, the test shall be terminated and the percolation rate shall be reported as greater than 60 minutes per inch. If no water remains in the test hole, fill to a depth of seven inches. At a five to 30 minute time interval, depending upon the rate of fall, record the drop in water level to the nearest one-tenth of an inch. Refill the hole at the end of each time interval and repeat this procedure using the same time interval until a constant rate of fall is attained. A constant rate of fall is attained when the difference between the highest and lowest of three consecutive measurements is no greater than two-tenths of an inch. 
Step Two: Immediately after the completion of Step One, refill the test hole to a depth of seven inches and record the time required for exactly six inches of water to seep away. This time divided by six will be the percolation rate in minutes per inch. 
e. Permeability Rate Determination 
The permeability rate shall be established from the results of the percolation rate based on the following procedures. When the purpose of the test is to determine the permeability at the level of infiltration, the slowest percolation rate determined shall be used as a field measured percolation rate. If any of the measured percolation rates are slower than 60 minutes per inch, then this method shall not be utilized.
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Appendix E: Hydraulic Analysis
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