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 DISCLAIMER
 This report presents the work of a student project at the University of New Brunswick.
 Although the student’s work was reviewed by a faculty advisor, that review does not
 constitute professional certification of the work. Any design, analysis or calculations
 contained in this report must be reviewed by a professional engineer before implementation.
 This report is made available without any representation or warranty and on the strict
 understanding that the reader accepts full liability for the application of any of the contents
 of the report.
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 1.0 Overview
 1.1 Purpose A preliminary hydrological assessment of a new landfill in Waco, Texas was
 requested by the City of Waco. The request was to find the size required for a new
 landfill, to contain five years worth of municipal solid waste from the city. A
 water balance and a ten-year post-closure simulation were necessary to look at
 various cover possibilities. These were also necessary to size the drainage tile and
 concrete pipes leading to the settling ponds. It was also requested to comment on
 the difference in leachate handling requirements for two different cover types.
 1.2 Landfill Area The design was based on a population of 124,805 people (Wikipedia, 2011). The
 widths and layer types were set prior to this report, by the city. Thus, for sizing,
 finding the length of the landfill was based on the density of municipal solid
 waste, population, a set waste depth of 20 m and a width restriction of 250 m.
 Appendix A shows the layer types predefined by the City of Waco.
 1.3 Covers The first cover analyzed was a standard configuration, which included a layer of
 topsoil, a protective layer, a lateral drainage layer, and a geomembrane. The
 second cover was a single-layer cover. Below the cover, the waste thickness was
 set at 20 m, and the liner below was a combination of six layers.
 The total width of the landfill was set at 250 m, which included two drainage
 lengths of 125 m sloped towards the long edges at four percent. Appendix B
 shows the detailed designs for both covers.
  Jamie Sparkes
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 2.0 Assessment
 2.1 Introduction to HELP The Hydrological Evaluation of Landfill Performance (HELP) software was used
 to develop the water balance of the landfill. The program is a quasi-two-
 dimensional hydrological model for conducting water balances for such situations,
 developed by the Environmental Protection Agency. The program allows users to
 input layer types, and edit their properties for analysis. This program was also
 used to generate synthetic data for ten years of rain fall in the area.
 Besides having the layer types defined, the City of Waco also had other
 parameters predefined for the model. These included, an evaporative zone depth
 of 56 cm, and a leaf area index of 1. Also the cover vegetation was to be a poor
 stand of grass.
 2.2 Results from HELP The results needed from HELP to design the pipes in the landfill are shown in
 Table 1. This data was the water generated daily from surface run-off, and from
 the drainage layer. This was achieved from the maximum rates generated over ten
 years using HELP’s synthetic weather generator. Table 2 and 3 show the leachate
 head generated, for standard cover and evaporative cover respectively as given
 from HELP.
 Table 1: Cover 1- Water generated in the landfill
 Rate (m) Day Year
 Runoff 3.6596 x 10-2 255 8
 Drainage Layer 4.9211 x 10-8 81 10
  Jamie Sparkes
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 Table 2: Cover 1- Leachate generated in landfill
 Rate (m) Day Year
 Leachate
 Collection
 1.4066 x 10-4 95 7
 Leachate
 Detection
 1.0650 x 10-8 174 10
 Table 3:Cover 2- Leachate generated in landfill
 Rate (m) Day Year
 Leachate
 Collection
 3.8934 x 10-3 78 10
 Leachate
 Detection
 1.3008 x 10-7 238 6
 3.0 Analysis and Design
 3.1 Pipe Details The pipes were designed, such that they would contain the maximum flow under
 the worst conditions of both the surface runoff and the lateral drainage. The length
 of the landfill was determined by five variables. These variables included,
 population of 124,805 people, 4.54 lbs of waste generated per person per day
 (Cooke, 2011), waste thickness of 20 m, landfill width of 250 m, and the density
 of the waste at 312 kg/m3. The plan view of the landfill can be seen in Appendix
 C. From this information, the required length of the landfill was found to be 300
 m.
 Four equal drainage pipes were then sized with a maximum length of 125 m each.
 Thus a 75 m drainage pipe was chosen, with two rows of 19 holes per metre, with
 10 mm perforations. Each row of perforations should be 60 degrees from the
  Jamie Sparkes
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 bottom. The concrete pipes leading to the settling ponds, was determined as 150
 mm diameter pipes. The hand calculations, for sizing, can be found in Appendix
 E.
 3.1 Leachate Handling Requirements The estimated leachate generated was determined using HELP for both cover
 types. The standard cover had a maximum leachate volume of 10.550 m3 for a
 daily peak over ten years. The evaporative cover had a maximum leachate volume
 of 292.015 m3 for a daily peak over ten years. The standard cover layer allowed
 much more water to be removed from the system, reducing the amount of leachate
 generated. This is preferable due to the costs associated with processing leachate.
 The information gathered from HELP, about the leachate developed, can be seen
 in Appendix D.
 4.0 Conclusion A ten-year post-closure assessment was done on the development of a new landfill
 in Waco, Texas. Using HELP software, a water balance was modeled using a
 standard cover system and a single-layer cover. The leachate generated from the
 standard cover and the single layer cover was 10.550 m3 and 292.015 m3
 respectively. If the single layer cover were chosen more processing would be
 needed to handle almost 30 times the amount of leachate, and thus not
 recommended. The HELP water balance was used to find the size requirements for
 drain tiles, as well as the concrete pipes leading to the settling ponds. The drainage
 pipes require a minimum diameter of 100 mm, with 2 rows of 19 holes per meter,
 with 10 mm perforations. The concrete pipes were sized to have minimum diameter
 of 150 mm.
  Jamie Sparkes
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 Appendix A: Layer Thickness Standard Cover
 Layer Thickness (m) Loam 0.300 Loamy Sand 0.700 Coarse Sand 0.500 Low Density Polyethylene (LDPE) 0.001 Municipal Waste (312 kg/m3) 20.000 Coarse Sand 0.300 Drainage Net 0.005 High Density Polyethylene 0.001 Sand 0.300 High Density Polyethylene (HDPE) 0.001 Clay, moderately compacted 1.000
 Evaporative Cover
 Layer Thickness ( m) Loamy Sand 1.000 Municipal Waste (312 kg/m3) 20.000 Coarse Sand 0.300 Drainage Net 0.005 High Density Polyethylene 0.001 Sand 0.300 High Density Polyethylene (HDPE) 0.001 Clay, moderately compacted 1.000
  Jamie Sparkes
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 Appendix B: HELP Cover Data
 Standard Cover
 Model Settings [HELP] Case Settings
 Parameter Value Units Runoff Method Model calculated (-) Initial Moisture Settings Model calculated (-) [HELP] Surface Water Settings
 Parameter Value Units Runoff Area 100 (%%) Vegetation Class Poor stand of grass (-) Profile Structure
 Layer Top ( m) Bottom ( m) Thickness ( m) Loam 0.0000 -0.3000 0.3000 Loamy Sand -0.3000 -1.0000 0.7000 Coarse Sand -1.0000 -1.5000 0.5000 Low Density Polyethylene (LDPE) -1.5000 -1.5010 0.0010 Municipal Waste (312 kg/m3) -1.5010 -21.5010 20.0000 Coarse Sand1 -21.5010 -21.8010 0.3000 Drainage Net (0.5cm) -21.8010 -21.8060 0.0050 High Density Polyethylene -21.8060 -21.8070 0.0010 Sand -21.8070 -22.1070 0.3000 High Density Polyethylene (HDPE) -22.1070 -22.1080 0.0010 Clay, moderately compacted -22.1080 -23.1080 1.0000 1.1. Layer. Loam Top Slope Length: 125.0000 Bottom Slope Length: 30.0000 Top Slope: 4.0000 Bottom Slope : 30.0000 [HELP] Vertical Perc. Layer Parameters
 Parameter Value Units total porosity 0.463 (vol/vol) field capacity 0.232 (vol/vol) wilting point 0.116 (vol/vol) sat.hydr.conductivity 3.7E-4 (cm/sec) subsurface inflow 0 (mm/year) 1.2. Layer. Loamy Sand Top Slope Length: 30.0000 Bottom Slope Length: 30.0000 Top Slope: 30.0000 Bottom Slope : 30.0000 [HELP] Vertical Perc. Layer Parameters
  Jamie Sparkes
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 Parameter Value Units
 total porosity 0.437 (vol/vol) field capacity 0.105 (vol/vol) wilting point 0.047 (vol/vol) sat.hydr.conductivity 0.0017 (cm/sec) subsurface inflow 0 (mm/year) 1.3. Layer. Coarse Sand Top Slope Length: 30.0000 Bottom Slope Length: 30.0000 Top Slope: 30.0000 Bottom Slope : 30.0000 [HELP] Lateral Drainage Layer Parameters
 Parameter Value Units total porosity 0.417 (vol/vol) field capacity 0.045 (vol/vol) wilting point 0.018 (vol/vol) sat.hydr.conductivity 0.01 (cm/sec) subsurface inflow 0 (mm/year) 1.4. Layer. Low Density Polyethylene (LDPE) Top Slope Length: 30.0000 Bottom Slope Length: 30.0000 Top Slope: 30.0000 Bottom Slope : 30.0000 [HELP] Geomembrane Liner Parameters
 Parameter Value Units sat.hydr.conductivity 4E-13 (cm/sec) pinhole density 2 (#/ha) installation defects 2 (#/ha) placement quality 2 (-) geotextile transmissivity 0 (cm2/sec) 1.5. Layer. Municipal Waste (312 kg/m3) Top Slope Length: 30.0000 Bottom Slope Length: 30.0000 Top Slope: 30.0000 Bottom Slope : 0.0000 [HELP] Vertical Perc. Layer Parameters
 Parameter Value Units total porosity 0.6710 (vol/vol) field capacity 0.2920 (vol/vol) wilting point 0.0770 (vol/vol) sat.hydr.conductivity 86.40000000000001 (cm/day) subsurface inflow 0.0000 (cm/day) 1.6. Layer. Coarse Sand Top Slope Length: 30.0000 Bottom Slope Length: 10.0000 Top Slope: 0.0000 Bottom Slope : 1.5000 [HELP] Lateral Drainage Layer Parameters
  Jamie Sparkes
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 Parameter Value Units
 total porosity 0.417 (vol/vol) field capacity 0.045 (vol/vol) wilting point 0.018 (vol/vol) sat.hydr.conductivity 0.01 (cm/sec) subsurface inflow 0 (mm/year) 1.7. Layer. Drainage Net (0.5cm) Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Geotextiles and Geonets Parameters
 Parameter Value Units total porosity 0.8500 (vol/vol) field capacity 0.01 (vol/vol) wilting point 0.005 (vol/vol) sat.hydr.conductivity 864000.0000000000 (cm/day) subsurface inflow 0 (cm/day) 1.8. Layer. High Density Polyethylene Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Geomembrane Liner Parameters
 Parameter Value Units sat.hydr.conductivity 2E-13 (cm/sec) pinhole density 1 (#/ha) installation defects 1 (#/ha) placement quality 3 (-) geotextile transmissivity 0 (cm2/sec) 1.9. Layer. Sand Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Lateral Drainage Layer Parameters
 Parameter Value Units total porosity 0.437 (vol/vol) field capacity 0.062 (vol/vol) wilting point 0.024 (vol/vol) sat.hydr.conductivity 0.0058 (cm/sec) subsurface inflow 0 (mm/year) 1.10. Layer. High Density Polyethylene (HDPE) Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Geomembrane Liner Parameters
  Jamie Sparkes
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 Parameter Value Units
 sat.hydr.conductivity 2E-13 (cm/sec) pinhole density 1 (#/ha) installation defects 1 (#/ha) placement quality 3 (-) geotextile transmissivity 0 (cm2/sec) 1.11. Layer. Clay, moderately compacted Top Slope Length: 10.0000 Bottom Slope Length: 30.0000 Top Slope: 1.5000 Bottom Slope : 0.0000 [HELP] Barrier Soil Liner Parameters
 Parameter Value Units total porosity 0.451 (vol/vol) field capacity 0.419 (vol/vol) wilting point 0.332 (vol/vol) sat.hydr.conductivity 6.8E-7 (cm/sec) subsurface inflow 0 (mm/year)
 Single “Evaporative” Cover 1. Profile. EPA profile1 Model Settings [HELP] Case Settings
 Parameter Value Units Runoff Method Model calculated (-) Initial Moisture Settings Model calculated (-) [HELP] Surface Water Settings
 Parameter Value Units Runoff Area 100 (%%) Vegetation Class Poor stand of grass (-) Profile Structure
 Layer Top ( m) Bottom ( m) Thickness ( m) Loamy Sand 0.0000 -1.0000 1.0000 Municipal Waste (312 kg/m3) -1.0000 -21.0000 20.0000 Coarse Sand -21.0000 -21.3000 0.3000 Drainage Net (0.5cm) -21.3000 -21.3050 0.0050 High Density Polyethylene -21.3050 -21.3060 0.0010 Sand -21.3060 -21.6060 0.3000 High Density Polyethylene (HDPE) -21.6060 -21.6070 0.0010 Clay, moderately compacted -21.6070 -22.6070 1.0000
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 1.1. Layer. Loamy Sand Top Slope Length: 125.0000 Bottom Slope Length: 30.0000 Top Slope: 4.0000 Bottom Slope: 30.0000 [HELP] Vertical Perc. Layer Parameters
 Parameter Value Units total porosity 0.437 (vol/vol) field capacity 0.105 (vol/vol) wilting point 0.047 (vol/vol) sat.hydr.conductivity 0.0017 (cm/sec) subsurface inflow 0 (mm/year) 1.2. Layer. Municipal Waste (312 kg/m3) Top Slope Length: 30.0000 Bottom Slope Length: 30.0000 Top Slope: 30.0000 Bottom Slope : 0.0000 [HELP] Vertical Perc. Layer Parameters
 Parameter Value Units total porosity 0.6710 (vol/vol) field capacity 0.2920 (vol/vol) wilting point 0.0770 (vol/vol) sat.hydr.conductivity 86.40000000000001 (cm/day) subsurface inflow 0.0000 (cm/day) 1.3. Layer. Coarse Sand Top Slope Length: 30.0000 Bottom Slope Length: 10.0000 Top Slope: 0.0000 Bottom Slope : 1.5000 [HELP] Lateral Drainage Layer Parameters
 Parameter Value Units total porosity 0.417 (vol/vol) field capacity 0.045 (vol/vol) wilting point 0.018 (vol/vol) sat.hydr.conductivity 0.01 (cm/sec) subsurface inflow 0 (mm/year) 1.4. Layer. Drainage Net (0.5cm) Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Geotextiles and Geonets Parameters
 Parameter Value Units total porosity 0.8500 (vol/vol) field capacity 0.01 (vol/vol) wilting point 0.005 (vol/vol) sat.hydr.conductivity 864000.0000000000 (cm/day) subsurface inflow 0 (cm/day)
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 1.5. Layer. High Density Polyethylene Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Geomembrane Liner Parameters
 Parameter Value Units sat.hydr.conductivity 2E-13 (cm/sec) pinhole density 1 (#/ha) installation defects 1 (#/ha) placement quality 3 (-) geotextile transmissivity 0 (cm2/sec) 1.6. Layer. Sand Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Lateral Drainage Layer Parameters
 Parameter Value Units total porosity 0.437 (vol/vol) field capacity 0.062 (vol/vol) wilting point 0.024 (vol/vol) sat.hydr.conductivity 0.0058 (cm/sec) subsurface inflow 0 (mm/year) 1.7. Layer. High Density Polyethylene (HDPE) Top Slope Length: 10.0000 Bottom Slope Length: 10.0000 Top Slope: 1.5000 Bottom Slope : 1.5000 [HELP] Geomembrane Liner Parameters
 Parameter Value Units sat.hydr.conductivity 2E-13 (cm/sec) pinhole density 1 (#/ha) installation defects 1 (#/ha) placement quality 3 (-) geotextile transmissivity 0 (cm2/sec) 1.8. Layer. Clay, moderately compacted Top Slope Length: 10.0000 Bottom Slope Length: 30.0000 Top Slope: 1.5000 Bottom Slope : 0.0000 [HELP] Barrier Soil Liner Parameters
 Parameter Value Units total porosity 0.451 (vol/vol) field capacity 0.419 (vol/vol) wilting point 0.332 (vol/vol) sat.hydr.conductivity 6.8E-7 (cm/sec) subsurface inflow 0 (mm/year)
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 Appendix C: Landfill Plan View
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 Appendix D: HELP Water Balance Data
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 Appendix E: Calculations Standard Cover Head from layers: 3.6596 x 10-2 m (runoff) 4.9211 x 10-8 m (drainage layer) Total= 3.656 x10-2 m City population=124,805 people Waste generation rate=4.54 lbs/person/day * 0.45359237 kg/lb* (1825days/5years)* 124,805 persons = 469,047,091 kg/ 5 year of waste generation Density of waste= 312 kg/m3
 Length of landfill= 469,047,091kg/(312kg/m3)/20m/250m =300.671 m =300 m Length of drainage pipes= 300m/4 pipes =75m/pipe Flow rate= 3.656 x10-2 m /24hrs *(1hr/3600s) = 4.231 x 10-7 m/s Determine size for drain pipes Area of flow coming into one drain pipe= 75m*125m=9375m2
 Pipe slope=3%=S=0.03 Volumetric flow rate= Q= 4.231 x 10-7 m/s * 9375m2
 =3.967x10-3 m3/s Diameter of pipe chosen was based on manning’s equation rearranged for ½ full flow D= (8*Q*n*42/3)/(pi*(S)0.5)3/8
 n=manning’s roughness coefficient D= (8*3.967x10-3 m3/s*0.011*42/3)/(pi*(0.03)0.5)3/8
 = 0.09 m =90 mm Therefore required size of pipe is 100 mm.
  Jamie Sparkes
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 Determine size for Concrete pipes Area of flow coming into one drain pipe= 150m*125m=18750m2
 Pipe slope=4%=S=0.04 Volumetric flow rate= Q= 4.231 x 10-7 m/s * 18750m2
 =7.933x10-3 m3/s
 D= (8*7.933x10-3 m3/s*0.011*42/3)/(pi*(0.04)0.5) = 0.110 m =110 mm Therefore required size of pipe is 150 mm, Determine pipe perforations Use a 1m length of pipe Area of pipe= 1m *125m= 125m2
 Qin= 4.231 x 10-7 m/s *125m2
 = 5.28875 x10-5 m3/s For 6mm holes Qb= 5.26 x10-7 m3/s For 10mm holes Qb= 1.46 x10-6 m3/s Number of holes required= N=Qin/Qb= (5.28875 x10-5 m3/s)/(5.26 x10-7 m3/s) =100 holes ------- ASSUMED TOO MANY Try 10 mm holes N= (5.28875 x10-5 m3/s)/(1.46 x10-6 m3/s) =36.22 holes (round up to even number to get same on each row) = 38 holes Therefore- 2 rows of 19 holes/m, with 10mm perforations. Each row 60 degrees from the bottom.
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