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General Business 

    MODULE C3 

FORM EQP 5111 MODULE C3 
USE AND MANAGEMENT OF LANDFILL 

This section provides information regarding use and management of the Landfill at the Dow 
Silicones Corporation (Dow Silicones) Midland Site as required by Part 111, Hazardous 
Waste Management, of Michigan’s Natural Resources and Environmental Protection Act, 
1994 PA 451, as amended (Act 451); under Rules R299.9504, R299.9505, R299.9519, 
R299.9522 which incorporates 40 CFR 270.21 by reference.  This description provides 
information on the landfill located at the Dow Silicones Facility.   
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C3.A     LANDFILL INFORMATION [MAC R 299.9504(8), 299.9505, 299.9619 –  
                       299.9622; 40 CFR 270.21; Part 264, Subpart N] 

The landfill is located in the 800 and 1000 Blocks of the facility (see facility layout map in 
Appendix A1-1 and Module A1, General Description).  The landfill was constructed in the late 
1940’s to early 1950’s and is therefore not subject to the requirements of 40 CFR 264.301(c) 
regarding design criteria for new landfills.   

C3.A.1 List of Wastes [40 CFR 270.21(a)] 

This landfill has been permitted for disposal of wastes exhibiting the characteristic of toxicity 
for lead (D008).  Renewal of authorization to receive characteristic D008 wastes is not 
requested since Dow Silicones currently has no plans to dispose of any hazardous wastes in 
the landfill.  If such disposal were to be resumed, the facility would first obtain approval from 
the Michigan Department of Environment, Great Lakes and Energy (EGLE). No wastes 
containing free liquids are disposed in the landfill and no lead contaminated (D008) 
hazardous wastes have been placed in the landfill since 1985. 

Non-hazardous solid wastes not regulated as hazardous wastes under RCRA may be 
disposed in the landfill. Examples include:  RCRA-empty containers; containers of non 
regulated gloves, rags, pieces of metal and glass and other debris; column packing; cleaned 
process equipment; asbestos; construction debris; solidified silicone sealants, rubber and 
gums; solidified polysiloxane gels; nonhazardous contaminated dirt; nonhazardous sandblast 
media and used office furniture. 

C3.B Liner System Exemption Requests 

C3.B.1 Exemption Based on Existing Portion   [40 CFR 270.21(b)(1), 264.301(a)] 

This landfill was constructed prior to January 29, 1992 and has had no horizontal expansions 
since that date.  The landfill is therefore exempt from the requirements of 40 CFR 264.301(c) 
for use of a double synthetic liner and leak detection system. 

C3.B.2 Exemption Based on Alternative Design [40 CFR 270.21(b), 264.301(d)] 

Appendix C3-1, “Landfill Equivalency Program, provides an “Equivalency Program” 
developed in cooperation with the State of Michigan in 1982 to establish the safety and 
efficacy of the liner system in the existing landfill and its functional equivalency to liners 
meeting the requirements then in effect under the former Act 64, Rule 419(4) and 419(f). 

C3.C Liner System [40 CFR 270.21(b)(1), 264.301(a) and (c), MAC R 299.9620] 

The landfill has a liner that was designed, constructed, and installed to prevent any migration 
of hazardous wastes or hazardous waste constituents to surrounding soil, groundwater, or 
surface waters during the active life and closure period of the landfill.  This section describes 
how the liner is constructed to achieve this.  
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C3.C.1 Liner System Description   [40 CFR 270.21(b)(1), 264.301(a) & (b)] 

Underlying the landfill is a natural clay strata with a minimum thickness of 25 feet.  See 
Module B3, Hydrogeologic Report, and Appendix C3-1, “Landfill Equivalency Program”, for 
detailed information on the location, thickness, and permeability of this natural clay layer. 

A “ground truth” boring sample (Sample C-6, see Module B3, Hydrogeologic Report), taken 
through 25 feet of depth at the approximate center of the landfill, showed the following profile 
of the landfill floor: 

Thickness of Unit (ft.) Type of Soil Permeability (cm/sec)
15 Clay (CL) 3 x 10-8

1 Sandy clay (SM) 4.1 x 10-5

4 Clayey-silt (ML) 1.5 x 10-7

5 Clay-silt (CL) 1.2 x 10-6

Resistivity studies showed that the clay base is uniform, continuous, and homogeneous.  The 
conclusion of the equivalency report was that the existing clay base provides protection to 
human health and the environment equivalent to the requirements in effect at the time under 
the former Act 64, Rule 419(4) and 419(f). 

A clay curtain wall surrounding the landfill was constructed in 1980 according to Act 64 
standards to prevent horizontal migration of hazardous wastes, hazardous constituents, and 
landfill leachate.  The construction of the curtain wall is shown on the drawing (Y1-31900) 
included in Appendix C3-4.  The clay used for the curtain wall had an average permeability of 
1.6 x 10-8 cm/sec. and was compacted to an average of 94% of its maximum density, based 
on the modified Proctor test.  The walls were installed in one-foot lifts with a minimum lateral 
thickness of six feet,and were keyed into the natural clay base to prevent contaminant 
migration through the joints.  The construction quality assurance report and field test results 
are provided in Appendix C3-2. 

At final closure of the landfill, a cover of natural clay will be installed and keyed to the curtain 
wall to complete the encapsulation of the landfill contents.  See Module A11, Closure and 
Postclosure Plans, for details of cover construction and installation.   

C3.C(2) Resistance of Liner System to Loads and Wastes [40 CFR 270.21(b)(1),  
                   264.301(a)(1)(i)] 

In 1982, as part of the Landfill Equivalency Program, soil boring analysis was performed to 
determine the extent of contaminant migration through the landfill base after 30 years of 
unregulated operation.  At that time, contamination was found to have penetrated only six 
inches into the underlying clay liner, indicating excellent resistance by the clay to chemical 
attack and permeation. 

Resistance to hydraulic pressures from groundwater and runoff is provided by the leachate 
collection system within the landfill and the interceptor sewer on the outside of the curtain 
wall.  Both systems serve to remove water which could otherwise exert pressures on the 
landfill base and curtain wall and are constructed of materials capable of withstanding the 
pressures and chemicals encountered in this application (see information in Appendix C3-3).  
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The collected liquids are drained to the wastewater sewer for treatment at Dow Chemical.  
Drawings of the landfill leachate collection system, the interceptor sewer system, and the 
connections to the wastewater sewer system are provided in Appendices C3-5 through C3-8. 

C3.C(3) Liner System Coverage [40 CFR 270.21(b)(1), 264.301(a)(1)(iii)] 

The natural clay base underlies the entire landfill area, which is also surrounded entirely by 
the clay curtain wall.  No surrounding earth is likely to be in contact with waste or leachate. 

C3.D Leachate Collection and Removal System [40 CFR 264.301(a)(2), MAC R  
                   299.9619(4)] 

See Appendix C3-4 (Drawing Y1-23606), for information on the design and construction of 
the leachate collection system.  The leachate collection system is inspected weekly and after 
every major storm to ensure leachate flow is unobstructed, and maintenance is performed as 
necessary to remove obstructions. 

C3.E Control of Run-on and Runoff  

Systems for control of run-on and runoff are discussed in Appendix C3-5, “Run-on and 
Runoff Capture Systems, Capacity Evaluation”.    

C3.F Landfill Operations

Construction of Lifts 

The landfill is currently permitted for a total disposal volume of 453 acre-feet of wastes.  The 
active cells are located in the 1000 Block portion of the facility; see Appendix C3-4 (Drawing 
Y1-116550).  The landfill was developed in phases, with placement of wastes taking place 
only to the active cells to reduce exposure of wastes, erosion, and accumulation of 
precipitation.  Wastes are added to the active cell in 10-foot deep lifts over a 6-inch layer of 
sand to provide drainage for leachate.  Once a lift is completed, if it will be exposed for longer 
than three months before construction of the next lift, it is covered with a one foot layer of 
compacted earth. 

Placement of Wastes 

Materials to be placed in the landfill are transported to the landfill by Dow Silicones 
employees or by contractors under the direction of Dow Silicones employees.  All materials 
to be placed in the landfill are required to first be approved by designated facility personnel 
and to have this approval noted on a waste materials approval tag.  All materials placed in 
the landfill are recorded in the landfill log, which is maintained in the waste tracking computer 
database, and this information is kept as part of the facility operating record. 

Laboratory testing is conducted if a material cannot be adequately characterized as to its 
acceptability for disposal in the landfill based on information provided by the plant 
department or operations that generated the waste.  The laboratory tests may include 
chemical analysis, Toxicity Characteristic Leachate Procedure (TCLP), the paint filter test for 
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free liquids, or other such testing or analysis as necessary to evaluate acceptability of the 
waste for land disposal. 

Daily Cover 

As each lift is filled, soil is mixed with the wastes in order to form a physically stable mixture.  
If the disposed waste is susceptible to wind dispersal it is covered daily with a minimum of six 
inches of soil or other approved cover material that is nontoxic, non-putrescible, and provides 
sufficient stability to prevent blowing of landfilled material.  Treated, solidified polysiloxane 
gels will not be used for daily cover unless approved by the State of Michigan.  Containerized 
wastes and other inert materials placed in the landfill are covered so that no more than 1,000 
square feet of top surface remains exposed at any time.  Materials used for cover may be 
soils from on-site construction projects and may consist of topsoil, sand, gravel, or similar 
porous materials to allow precipitation to permeate to the leachate collection system; clay is 
not used for daily cover. 

Inspection 

The facility hazardous waste landfill is inspected daily for the following items: 

 Active cells:  Minimum of 6 inches daily cover maintained. 

 Active cells:  Maximum of 1,000 square feet of exposed waste at any time 

 Sidewalls:  No gaps, no material leaking from cells. 

The results of these inspections are recorded on inspection log sheets, examples of which 
are provided in Module A5 (Inspection Schedules) of this application.  

C3.G Surveying and Recordkeeping [40 CFR 264.309] 

Dow Silicones maintains a record of wastes placed in the landfill and their location with 
respect to permanently surveyed benchmarks.  An annual survey of the landfill is performed 
for the purpose of determining the amount of available disposal volume remaining.  The 
results of this survey are submitted to EGLE in a written report.  

C3.H Special Requirements for Ignitable or Reactive Wastes [40 CFR 264.312] 

Ignitable or reactive wastes are not disposed in the landfill. 

C3.I Special Requirements for Incompatible Wastes [40 CFR 624.313] 

Incompatible wastes are not disposed in the landfill. 



 Use and Management of Landfill, March 2022 
        Dow Silicones Corporation Midland, Michigan 

                                                                                  Part 111 Hazardous Waste Operating License 
EPA ID. No. MID 000 809 632 

Page 6 of 6             Form EQP 5111 Module C3 

General Business 

C3.J Special Requirements for Bulk and Containerized Liquids [40 CFR 264.314] 

Bulk or containerized wastes containing free liquids are not disposed in the landfill.  To 
determine whether a waste contains free liquids, U.S. EPA Method 9095, the “Paint Filter 
Test”, as described in “Test Methods for Evaluating Solid Wastes, Physical/Chemical 
Methods” (SW-846) is used. 

If a waste containing free liquid, other than a lab pack, is to be disposed in the landfill it is first 
either decanted or otherwise drained of all free-standing liquid, or all free liquid has been 
absorbed or solidified using a sorbent or solidifying agent which is not biodegradable.  These 
activities are generally carried out by the production building or other Dow Silicones location 
that generates the waste.  Decanting and the addition of adsorbents or solidification agents 
may also be carried out at the 800 Block facility, at either the 804 Building truck wash slab or 
in the 809 container storage building.  Since only non-RCRA regulated materials are 
landfilled, the hazards associated with these operations are minimal and will not cause 
release of hazardous constituents to the environment.  

C3.K Special Requirements for Containers [40 CFR 264.315 

Except for lab packs and very small containers such as ampoules, containers to be placed in 
the landfill are either crushed, shredded, or similarly reduced in volume to the maximum 
practical extent, or they must be at least 90% full. 

C3.L Special Requirements for Lab Packs [40 CFR 264.316] 

Small containers with free liquids may be placed in the landfill if they meet all of the following 
conditions: 

1. They do not contain hazardous wastes. 
2. They are overpacked within a metal open-head container not larger than 100 gallon 

capacity and meeting all applicable requirements of U.S. DOT packaging 
specifications. 

3. The inner containers are tightly closed and also meet U.S. DOT requirements for 
inner packagings for the type of material contained. 

4. The inner containers are packed in absorbent material which is not biodegradable, 
which is of sufficient quantity to absorb all free liquids in all the inner containers, and 
which will not react with the wastes. 

5. All the wastes in all the inner containers in one overpack are chemically compatible 
with each other. 
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FINAL COVER INFILTRATION EVALUATION 
 
Objective 
 
Calculate the quantity of surface water infiltrating into the drainage layer component of the final 
cover using the USEPA Hydrologic Evaluation of Landfill Performance Version 3.07 (“HELP”) 
computer modeling program.  This analysis was performed to provide base data for the 
evaluation of the final cover drainage layer. 
 
Design Criteria and Assumptions 

 
HELP Model Version 3.07 Input: 
 
1. Temperature, precipitation, and solar radiation data can be default data, user input or 

synthetically generated by the HELP Model.  Synthetically generated temperature, and 
solar radiation data for East Lansing, Michigan and synthetically generated precipitation 
data for Detroit, Michigan were used to simulate site weather conditions.   

 
2. Geomembrane liner pinhole density and size were assumed to account for possible 

manufacturing defects during geomembrane production.  The HELP Model User’s Guide 
for Version 3.07 states that the pinhole density for a typical geomembrane is 0.5 to 
1 pinhole per acre.  The pinhole density at the upper end of the recommended range, or 
one hole per acre was assumed.  The diameter of the hole was assumed to be 1 mm, 
therefore the area of the hole was 0.008 cm2.   

 
3. The placement quality for the geomembrane liner was assumed to be “good.”  According to 

the HELP Model User’s Guide for Version 3.07, a “good” placement quality “assumes good 
field installation with well-prepared, smooth soil surface and geomembrane wrinkle control 
to insure good contact between geomembrane and adjacent soil that limits drainage rate.” 

 
4. The installation defects for the geomembrane liner were assumed to be four holes per acre.  

The area of the hole is 1 cm2. 
 
5. Various final cover slopes and drainage lengths will be present on the final cover.  To 

provide conservative results and simplify the analysis, the maximum and minimum slopes 
are considered.  To be conservative the maximum slope length for each slope is used in 
the analysis.  The final cover slopes and flow paths used in the HELP model are as follows: 
a. 4% Minimum Slope top area:  305 ft.  
b. 25% Maximum Slope sideslopes: 196 ft. 

 
6. Two cover scenarios were analyzed for the 4% top slope and two for the 25% sideslopes.  

The cover scenarios are described in Tables 1 through 4. 
 
7. The initial moisture content of the soil layers were calculated by the HELP Model to be 

nearly steady state (i.e., the HELP Model automatically generates the initial moisture 
content for each layer based on weather inputs and layer data). 
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8. An assumed 1-acre unit design area was used for modeling purposes to compute unit 

quantities. 
 
9. As presented in Table 5 of this appendix, soil layers were modeled using HELP Model 

default soil characteristics (porosity, field capacity, wilting point and saturated hydraulic 
conductivity). 

 
10. When present, the compacted clay component of the final cover was assumed to have a 

maximum hydraulic conductivity of 1x10-7 cm/sec.   
 
11. Final Cover Condition Inputs: 
 

a. Fair grass conditions 
b. Evaporative zone depth = 20 inches (recommended by the HELP Model for fair grass 

conditions for East Lansing, Michigan) 
c. Maximum leaf area index = 2.0 (recommended by the HELP Model for fair grass 

conditions) 
d. Fraction of area allowing run-off = 100 percent 
e.  Run-off curve number = calculated by HELP model based on soil types and slope 

information input. 
f. Length of model run = 30 years (chosen to allow for more representative average 

values). 
 
12. The HELP model does not allow the modeling of two “barrier” layers adjacent to one 

another.  To overcome this software limitation, the GCL is modeled as a vertical 
percolation layer.   

 
13. The use of geotextiles does not affect infiltration in the HELP model and therefore 

geotextiles are not included in the analysis. 
 
14. To be conservative for this analysis, a geocomposite with a 250 mil geonet is assumed.  

Per the geocomposite capacity analysis, a geocomposite with a 300 mil geonet is 
recommended.  An effective hydraulic conductivity of 0.0293 m/s will be used for the 
assumed geocomposite drainage layer as calculated in the Geocomposite Capacity 
Analysis provided in Attachment 1.  

 
15. The 4 percent top slope area drainage layer discharges to the diversion berms.    
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HELP MODEL GENERAL LAYOUT 

Table 1:  4% Top Slope, Cover A - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2 x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 18 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage  ↓
 

0.25 inches 2.93 cm/sec geonet/#46 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5) GCL ↓ 0.25 inches 3.0 x 10-9 cm/sec GCL/#17 

(6)barrier soil liner ↓ 12 inches 1.0 x 10-7 cm/sec barrier layer/#16 

 

Table 2:  4% Top Slope, Cover B - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 6 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage  ↓
 

12 inches 5.8 x 10-3 cm/sec sand/#2 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5)barrier soil liner ↓ 36 inches 1.0 x 10-5 cm/sec barrier layer/#16 

 
 

Table 3:  25% Side Slope, Cover A - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2 x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 18 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage ↓
 

0.25 inches 2.93 cm/sec geonet/#46 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5)barrier soil liner ↓ 36 inches 1.0 x 10-7 cm/sec barrier layer/#16 

 

Table 4:  25% Top Slope, Cover B - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2 x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 18 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage  ↓
 

0.25 inches 2.93 cm/sec geonet/#46 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5) GCL ↓ 0.25 inches 3.0 x 10-9 cm/sec GCL/#17 

(6)barrier soil liner ↓ 12 inches 1.0 x 10-7 cm/sec barrier layer/#16 
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Table 5:  Soil Texture Properties 

 

Soil 
Texture 

No. 

Soil Classification 

Comments, Properties, and Uses USDA USCS 

2 S --- 
HELP Model default parameter to model drainage sand.  
The effective saturated hydraulic conductivity = 5.8x10-3 
cm/sec. 

10 SCL SC 
Assumed HELP model default soil to model the topsoil 
and vegetative support soil. 

16 
C 

Clay 
CH 

Clay 

HELP Model default parameter for a barrier soil.  This 
soil was modeled for the compacted clay layer.  This soil 
type was used based on an effective saturated hydraulic 
conductivity = 1x10-7 cm/sec. 

17 --- --- 
HELP Model default parameter for a bentonite mat, used 
to model the GCL.  The effective saturated hydraulic 
conductivity = 3x10-9 cm/sec 

36 --- --- 

HELP Model default parameters for the LLDPE 
geomembrane, used to model the 60-mil VLDPE 
geomembrane in the final cover.  Effective saturated 
hydraulic conductivity of the geomembrane is 
4x10-13 cm/sec. 

46 --- --- 

Based on the HELP Model default parameter for a 
drainage net, used to model the geocomposite drainage 
layer.  The effective saturated hydraulic conductivity of 
the default parameter has been modified to 2.93 cm/sec. 

 

NOTE:  All soil properties are defaults of HELP Model, Version 3.07. 
 
 
Calculations 
 
HELP Model output files are provided in Attachments 2 and 3 for the 4% Top Slope and 
Attachments 4 and 5 for the 25% Side Slope.  Summaries of HELP Model results for peak daily 
values are provided in Table 6.  Peak daily values are presented in the HELP Model output file 
in both inches per day and cubic feet per day.  These results are equivalent but presented in 
different units.   

 
The drainage collected from the drainage layer is also the geocomposite surface water 
impingement rate.  The HELP model presents the drainage collected in inches per day, a 
sample conversion to meters per second is provided below. 

 
Sample Conversion:  1 inch/day x 1 day/86,400 sec x 1 inch/0.0254 meters = 4.56 x 10-4 m/s 
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Table 6:  Peak Daily Values 
 

Cover A Cover B Cover A Cover B

Drainage collected from drainage layer - 

Impingement Rate (inches/day)
0.54474 0.04996 0.71355 0.71355

Drainage collected from drainage layer - 

Impingement Rate (meters/second)
0.000248 2.28E-05 0.000325 0.000325

Head in drainage layer (inches) 18.108 20.098 0.036 0.036

4 Top Slope 25% Side Slope

 
 

Conclusions 
 
As shown in Table 6, the surface water infiltration rate (impingement rate) to the drainage layer 
and the liquid head in the drainage layer varies based on the cover option and slope.  These 
values were used for the stability analysis and design of the final cover drainage system. 
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GEOCOMPOSITE CAPACITY ANALYSIS 
 
Objective 
 
Estimate the long-term hydraulic conductivity of the geocomposite drainage layer component of 
the final cover for use in the HELP model analysis. 
 
Design Criteria and Assumptions 

 
1. To be conservative for the HELP model analysis, assume a geocomposite drainage layer 

that consists of a double-sided geocomposite with a 250 mil geonet component.  For the 
purposes of this calculation assume a GSE FabriNet HF product is utilized.  The actual 
recommended geocomposite is GSE FabriNet TRx which provides a higher transmissivity 
and is manufactured with creep and intrusion resistant construction.  It is manufactured by 
heat-bonding two layers of non-woven geotextile to a central geonet core. 

 
2. Manufacturer’s data for the FabriNet HF and Fabrinet TRx product is included in 

Attachment 1.  At the time of construction, the transmissivity of the actual geocomposite to 
be used should be reviewed to ensure the geocomposite to be used performs equivalent to 
the Fabrinet TRx specifications. 

 
Calculations 
 
Based on Koerner (Reference 1), a series of long-term partial safety factors were introduced as 
shown below: 

 
1. Geonet Intrusion   F.S. in = 1.5 (chosen due to possible variability in loads and 

particle size distribution of cover soils)   
2. Geonet Creep   F.S. cr    =  1.2 (chosen based on strength of geotextile heat fusion 

to geonet) 
3. Chemical Clogging  F.S. cc   =  1.0 (chosen based on low chemical content of rain 

water) 
4. Biological Clogging  F.S. bc = 1.5 (chosen due to the possibility of root intrusion, 

mold, fungus or other organisms)  
 
The list of partial safety factors are provided in Attachment 2.  The long-term drainage layer 
transmissivity is calculated as: 
 
      Tlt = T / (FSgin FScr FScc FSbc) 

 
Tlt = (5.0x10-4) / (1.5 x 1.2 x 1.0 x 1.5) = 1.85x10-4 m2/s  

 
    k = T/t 

 

Where:  k = T/t, hydraulic conductivity, cm/sec 
  T = Transmissivity, m2/sec (assume 6oz/yd2 geocomposite) 
  t = thickness of geocomposite, ft 
   
 k = (1.85x10-4 m2/s) / 0.0063 m = 0.0293 m/s 
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Conclusions 
 
The long-term hydraulic conductivity of geocomposite (0.0293 m/s) is used in the HELP model 
analysis. 
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Attachment 2 
 

HELP Model Output: 4% Slope, Cover A 
  



 ****************************************************************************** 

 ****************************************************************************** 

 **                                                                          ** 

 **                                                                          ** 

 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 

 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 

 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 

 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 

 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 

 **                                                                          ** 

 **                                                                          ** 

 ****************************************************************************** 

 ****************************************************************************** 

 

 

 

 PRECIPITATION DATA FILE:    c:\temp\MID4.D4                                    

 TEMPERATURE DATA FILE:      C:\temp\MID7.D7                                    

 SOLAR RADIATION DATA FILE:  c:\temp\MID13.D13                                  

 EVAPOTRANSPIRATION DATA:    c:\temp\MID11.D11                                  

 SOIL AND DESIGN DATA FILE:  c:\temp\MID4-A.D10                                 

 OUTPUT DATA FILE:           c:\temp\MID4-A.OUT                                 

 

 

 

 TIME:  10:28     DATE:   3/28/2011 

 

 

 

  

 ****************************************************************************** 

 

      TITLE:  Midland Plant Landfill, Cover Evaluation, 4% Slope Cover A   

 

 ****************************************************************************** 

 

 

 

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 

               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

 

 

  

                                    LAYER  1 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =      6.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.3541 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 

                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

 

 

 



  

                                    LAYER  2 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =     18.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.2862 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

 

 

 

  

                                    LAYER  3 

                                    -------- 

 

                        TYPE 2 - LATERAL DRAINAGE LAYER 

                          MATERIAL TEXTURE NUMBER  46 

            THICKNESS                   =      0.25   INCHES 

            POROSITY                    =      0.8500 VOL/VOL 

            FIELD CAPACITY              =      0.0100 VOL/VOL 

            WILTING POINT               =      0.0050 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =   2.93000007000     CM/SEC 

            SLOPE                       =      4.00   PERCENT 

            DRAINAGE LENGTH             =    305.0    FEET 

 

 

 

  

                                    LAYER  4 

                                    -------- 

 

                        TYPE 4 - FLEXIBLE MEMBRANE LINER 

                          MATERIAL TEXTURE NUMBER  36 

            THICKNESS                   =      0.06   INCHES 

            POROSITY                    =      0.0000 VOL/VOL 

            FIELD CAPACITY              =      0.0000 VOL/VOL 

            WILTING POINT               =      0.0000 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 

            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 

            FML INSTALLATION DEFECTS    =      4.00   HOLES/ACRE 

            FML PLACEMENT QUALITY       =  3 - GOOD      

 

 

 

  

                                    LAYER  5 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  17 

            THICKNESS                   =      0.25   INCHES 

            POROSITY                    =      0.7500 VOL/VOL 

            FIELD CAPACITY              =      0.7470 VOL/VOL 



            WILTING POINT               =      0.4000 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.7470 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC 

 

 

 

  

                                    LAYER  6 

                                    -------- 

 

                          TYPE 3 - BARRIER SOIL LINER 

                          MATERIAL TEXTURE NUMBER  16 

            THICKNESS                   =     12.00   INCHES 

            POROSITY                    =      0.4270 VOL/VOL 

            FIELD CAPACITY              =      0.4180 VOL/VOL 

            WILTING POINT               =      0.3670 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 

 

 

 

  

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

                    ---------------------------------------- 

 

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 

                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  4.% 

                   AND A SLOPE LENGTH OF  305. FEET. 

 

         SCS RUNOFF CURVE NUMBER             =     85.90 

         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 

         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 

         EVAPORATIVE ZONE DEPTH              =     20.0    INCHES 

         INITIAL WATER IN EVAPORATIVE ZONE   =      6.300  INCHES 

         UPPER LIMIT OF EVAPORATIVE STORAGE  =      7.960  INCHES 

         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.720  INCHES 

         INITIAL SNOW WATER                  =      0.000  INCHES 

         INITIAL WATER IN LAYER MATERIALS    =     12.589  INCHES 

         TOTAL INITIAL WATER                 =     12.589  INCHES 

         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 

 

 

 

 

                     EVAPOTRANSPIRATION AND WEATHER DATA  

                     ----------------------------------- 

 

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

                   E. LANSING            MICHIGAN           

 

              STATION LATITUDE                       =  42.60 DEGREES 

              MAXIMUM LEAF AREA INDEX                =   2.00 

              START OF GROWING SEASON (JULIAN DATE)  =    123 

              END OF GROWING SEASON (JULIAN DATE)    =    283 

              EVAPORATIVE ZONE DEPTH                 =  20.0  INCHES 

              AVERAGE ANNUAL WIND SPEED              =  10.10 MPH 

              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  77.00 % 



              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 

              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  75.00 % 

              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 % 

 

 

 

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    DETROIT             MICHIGAN             

 

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

        1.86        1.69        2.54        3.15        2.77        3.43 

        3.10        3.21        2.25        2.12        2.33        2.52 

 

 

 

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

 

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

       21.60       23.30       33.00       46.30       57.20       66.80 

       70.80       69.20       61.70       50.70       38.50       27.00 

 

 

 

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

                     AND STATION LATITUDE  =  42.60 DEGREES 

 

 

 

  

 

 

 ******************************************************************************* 

  

          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

  

                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 

                          -------  -------  -------  -------  -------  ------- 

   PRECIPITATION 

   ------------- 

     TOTALS                 1.81     1.77     2.38     3.33     2.97     3.36 

                            2.93     2.98     2.31     1.66     2.36     2.63 

  

     STD. DEVIATIONS        0.65     0.79     1.07     1.30     1.13     1.41 

                            1.26     1.64     1.37     1.06     1.00     1.05 

  

   RUNOFF 

   ------ 

     TOTALS                 0.493    1.233    2.680    1.238    0.053    0.065 

                            0.048    0.146    0.018    0.010    0.052    0.235 

  



     STD. DEVIATIONS        0.464    1.106    1.947    1.633    0.116    0.132 

                            0.112    0.276    0.057    0.040    0.107    0.362 

  

   EVAPOTRANSPIRATION 

   ------------------ 

     TOTALS                 0.396    0.338    0.394    2.356    3.283    4.043 

                            3.021    2.529    1.877    1.086    0.719    0.386 

  

     STD. DEVIATIONS        0.068    0.076    0.178    0.988    1.064    1.093 

                            1.160    1.007    0.893    0.396    0.146    0.088 

  

   LATERAL DRAINAGE COLLECTED FROM LAYER  3 

   ---------------------------------------- 

     TOTALS                 0.0476   0.0000   0.2675   1.6790   0.3984   0.0218 

                            0.0330   0.0827   0.0109   0.1257   0.4974   0.5982 

  

     STD. DEVIATIONS        0.1584   0.0000   0.6119   0.6851   0.5308   0.0673 

                            0.1554   0.2638   0.0469   0.2865   0.7876   0.6431 

  

   PERCOLATION/LEAKAGE THROUGH LAYER  4 

   ------------------------------------ 

     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

   PERCOLATION/LEAKAGE THROUGH LAYER  6 

   ------------------------------------ 

     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

 

 ------------------------------------------------------------------------------- 

                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

 ------------------------------------------------------------------------------- 

 

  

   DAILY AVERAGE HEAD ON TOP OF LAYER  4 

   ------------------------------------- 

     AVERAGES               0.0007   0.0000   0.0576   0.3264   0.0266   0.0003 

                            0.0005   0.0027   0.0002   0.0037   0.0286   0.0160 

  

     STD. DEVIATIONS        0.0023   0.0000   0.1369   0.2261   0.0992   0.0010 

                            0.0023   0.0114   0.0007   0.0107   0.0728   0.0257 

  

   DAILY AVERAGE HEAD ON TOP OF LAYER  6 

   ------------------------------------- 

     AVERAGES               0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

 ******************************************************************************* 

 



 

 ******************************************************************************* 

  

      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

                                      INCHES            CU. FEET       PERCENT 

                                -------------------   -------------   --------- 

  PRECIPITATION                  30.46    (   3.646)     110581.9     100.00 

  

  RUNOFF                          6.271   (  2.0388)      22762.30     20.584 

  

  EVAPOTRANSPIRATION             20.428   (  2.5412)      74155.02     67.059 

  

  LATERAL DRAINAGE COLLECTED      3.76229 (  1.66036)     13657.115   12.35023 

    FROM LAYER  3 

  

  PERCOLATION/LEAKAGE THROUGH     0.00001 (  0.00000)         0.041     0.00004 

    LAYER  4 

  

  AVERAGE HEAD ON TOP             0.039 (    0.015) 

    OF LAYER  4 

  

  PERCOLATION/LEAKAGE THROUGH     0.00001 (  0.00000)         0.041     0.00004 

    LAYER  6 

  

  AVERAGE HEAD ON TOP             0.000 (    0.000) 

    OF LAYER  6 

  

  CHANGE IN WATER STORAGE         0.002   (  1.4875)          7.42      0.007 

  

 ******************************************************************************* 

 

 ****************************************************************************** 

  

                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30 

    ------------------------------------------------------------------------ 

                                                 (INCHES)      (CU. FT.) 

                                                ----------   ------------- 

       PRECIPITATION                              2.92         10599.601 

  

       RUNOFF                                     2.606         9460.8066 

  

       DRAINAGE COLLECTED FROM LAYER  3           0.54474       1977.41992 

  

       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000011         0.03991 

  

       AVERAGE HEAD ON TOP OF LAYER  4           11.463 

  

       MAXIMUM HEAD ON TOP OF LAYER  4           18.108 

 

       LOCATION OF MAXIMUM HEAD IN LAYER  3 

             (DISTANCE FROM DRAIN)               63.7 FEET 

  

       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000011         0.03991 

  

       AVERAGE HEAD ON TOP OF LAYER  6            0.000 

  

       SNOW WATER                                 9.18         33313.7344 

  



 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3635 

  

       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 

  

 

        ***  Maximum heads are computed using McEnroe's equations.  *** 

 

             Reference:  Maximum Saturated Depth over Landfill Liner 

                         by Bruce M. McEnroe, University of Kansas 

                         ASCE Journal of Environmental Engineering 

                         Vol. 119, No. 2, March 1993, pp. 262-270. 

 

  

 ****************************************************************************** 

 

 ****************************************************************************** 

  

                    FINAL WATER STORAGE AT END OF YEAR   30 

     ---------------------------------------------------------------------- 

                     LAYER        (INCHES)       (VOL/VOL) 

                     -----        --------       --------- 

                       1            2.0459         0.3410 

 

                       2            4.9265         0.2737 

 

                       3            0.0025         0.0100 

 

                       4            0.0000         0.0000 

 

                       5            0.1867         0.7470 

 

                       6            5.1240         0.4270 

 

                   SNOW WATER       0.364 

  

 ****************************************************************************** 

 ****************************************************************************** 

 

 

 

 



 

Attachment 3 
 

HELP Model Output: 4% Slope, Cover B 
  



 ****************************************************************************** 

 ****************************************************************************** 

 **                                                                          ** 

 **                                                                          ** 

 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 

 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 

 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 

 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 

 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 

 **                                                                          ** 

 **                                                                          ** 

 ****************************************************************************** 

 ****************************************************************************** 

 

 

 

 PRECIPITATION DATA FILE:    c:\temp\MID4.D4                                    

 TEMPERATURE DATA FILE:      C:\temp\MID7.D7                                    

 SOLAR RADIATION DATA FILE:  c:\temp\MID13.D13                                  

 EVAPOTRANSPIRATION DATA:    c:\temp\MID11.D11                                  

 SOIL AND DESIGN DATA FILE:  c:\temp\MID4-B2.D10                                

 OUTPUT DATA FILE:           c:\temp\MID4-B2.OUT                                

 

 

 

 TIME:  10:32     DATE:   5/ 5/2011 

 

 

 

  

 ****************************************************************************** 

 

      TITLE:  Midland Plant Landfill, Cover Evaluation, 4% Slope Cover B   

 

 ****************************************************************************** 

 

 

 

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 

               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

 

 

  

                                    LAYER  1 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =      6.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.3574 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 

                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

 

 



 

  

                                    LAYER  2 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =      6.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.2646 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

 

 

 

  

                                    LAYER  3 

                                    -------- 

 

                        TYPE 2 - LATERAL DRAINAGE LAYER 

                          MATERIAL TEXTURE NUMBER   2 

            THICKNESS                   =     12.00   INCHES 

            POROSITY                    =      0.4370 VOL/VOL 

            FIELD CAPACITY              =      0.0620 VOL/VOL 

            WILTING POINT               =      0.0240 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.2860 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.579999993000E-02 CM/SEC 

            SLOPE                       =      4.00   PERCENT 

            DRAINAGE LENGTH             =    305.0    FEET 

 

 

 

  

                                    LAYER  4 

                                    -------- 

 

                        TYPE 4 - FLEXIBLE MEMBRANE LINER 

                          MATERIAL TEXTURE NUMBER  36 

            THICKNESS                   =      0.06   INCHES 

            POROSITY                    =      0.0000 VOL/VOL 

            FIELD CAPACITY              =      0.0000 VOL/VOL 

            WILTING POINT               =      0.0000 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 

            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 

            FML INSTALLATION DEFECTS    =      4.00   HOLES/ACRE 

            FML PLACEMENT QUALITY       =  3 - GOOD      

 

 

 

  

                                    LAYER  5 

                                    -------- 

 

                          TYPE 3 - BARRIER SOIL LINER 

                          MATERIAL TEXTURE NUMBER  16 

            THICKNESS                   =     36.00   INCHES 



            POROSITY                    =      0.4270 VOL/VOL 

            FIELD CAPACITY              =      0.4180 VOL/VOL 

            WILTING POINT               =      0.3670 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 

 

 

 

  

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

                    ---------------------------------------- 

 

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 

                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  4.% 

                   AND A SLOPE LENGTH OF  305. FEET. 

 

         SCS RUNOFF CURVE NUMBER             =     85.90 

         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 

         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 

         EVAPORATIVE ZONE DEPTH              =     20.0    INCHES 

         INITIAL WATER IN EVAPORATIVE ZONE   =      5.627  INCHES 

         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.272  INCHES 

         LOWER LIMIT OF EVAPORATIVE STORAGE  =      1.824  INCHES 

         INITIAL SNOW WATER                  =      0.000  INCHES 

         INITIAL WATER IN LAYER MATERIALS    =     22.537  INCHES 

         TOTAL INITIAL WATER                 =     22.537  INCHES 

         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 

 

 

 

 

                     EVAPOTRANSPIRATION AND WEATHER DATA  

                     ----------------------------------- 

 

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

                   E. LANSING            MICHIGAN           

 

              STATION LATITUDE                       =  42.60 DEGREES 

              MAXIMUM LEAF AREA INDEX                =   2.00 

              START OF GROWING SEASON (JULIAN DATE)  =    123 

              END OF GROWING SEASON (JULIAN DATE)    =    283 

              EVAPORATIVE ZONE DEPTH                 =  20.0  INCHES 

              AVERAGE ANNUAL WIND SPEED              =  10.10 MPH 

              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  77.00 % 

              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 

              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  75.00 % 

              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 % 

 

 

 

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    DETROIT             MICHIGAN             

 

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 



      -------     -------     -------     -------     -------     ------- 

        1.86        1.69        2.54        3.15        2.77        3.43 

        3.10        3.21        2.25        2.12        2.33        2.52 

 

 

 

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

 

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

       21.60       23.30       33.00       46.30       57.20       66.80 

       70.80       69.20       61.70       50.70       38.50       27.00 

 

 

 

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

                     AND STATION LATITUDE  =  42.60 DEGREES 

 

 

 

  

 

 

 ******************************************************************************* 

  

          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

  

                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 

                          -------  -------  -------  -------  -------  ------- 

   PRECIPITATION 

   ------------- 

     TOTALS                 1.81     1.77     2.38     3.33     2.97     3.36 

                            2.93     2.98     2.31     1.66     2.36     2.63 

  

     STD. DEVIATIONS        0.65     0.79     1.07     1.30     1.13     1.41 

                            1.26     1.64     1.37     1.06     1.00     1.05 

  

   RUNOFF 

   ------ 

     TOTALS                 0.481    1.214    2.636    1.204    0.055    0.064 

                            0.047    0.141    0.017    0.008    0.048    0.229 

  

     STD. DEVIATIONS        0.455    1.096    1.941    1.600    0.123    0.130 

                            0.111    0.268    0.054    0.035    0.104    0.355 

  

   EVAPOTRANSPIRATION 

   ------------------ 

     TOTALS                 0.396    0.338    0.396    2.336    3.306    3.794 

                            2.994    2.512    1.909    1.160    0.716    0.386 

  

     STD. DEVIATIONS        0.068    0.076    0.180    0.973    1.027    1.096 

                            1.163    0.974    0.834    0.341    0.158    0.088 

  



   LATERAL DRAINAGE COLLECTED FROM LAYER  3 

   ---------------------------------------- 

     TOTALS                 0.2582   0.1641   0.1552   0.5549   0.7689   0.5222 

                            0.3753   0.2922   0.2215   0.1978   0.2510   0.3496 

  

     STD. DEVIATIONS        0.1510   0.0912   0.0972   0.3253   0.2295   0.1553 

                            0.0779   0.0870   0.0776   0.0818   0.2655   0.2600 

  

   PERCOLATION/LEAKAGE THROUGH LAYER  5 

   ------------------------------------ 

     TOTALS                 0.0002   0.0001   0.0001   0.0003   0.0004   0.0003 

                            0.0002   0.0002   0.0001   0.0001   0.0002   0.0002 

  

     STD. DEVIATIONS        0.0001   0.0001   0.0001   0.0002   0.0001   0.0001 

                            0.0000   0.0000   0.0000   0.0000   0.0001   0.0001 

  

 

 ------------------------------------------------------------------------------- 

                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

 ------------------------------------------------------------------------------- 

 

  

   DAILY AVERAGE HEAD ON TOP OF LAYER  4 

   ------------------------------------- 

     AVERAGES               1.9344   1.3536   1.1632   4.3076   5.7608   4.0431 

                            2.8123   2.1895   1.7149   1.4823   1.9433   2.6190 

  

     STD. DEVIATIONS        1.1315   0.7560   0.7286   2.5328   1.7191   1.2025 

                            0.5834   0.6518   0.6006   0.6126   2.0556   1.9482 

  

 ******************************************************************************* 

 

 

 

 ******************************************************************************* 

  

      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

                                      INCHES            CU. FEET       PERCENT 

                                -------------------   -------------   --------- 

  PRECIPITATION                  30.46    (   3.646)     110581.9     100.00 

  

  RUNOFF                          6.143   (  2.0080)      22299.80     20.166 

  

  EVAPOTRANSPIRATION             20.243   (  2.4798)      73481.12     66.450 

  

  LATERAL DRAINAGE COLLECTED      4.11102 (  1.16380)     14923.017   13.49499 

    FROM LAYER  3 

  

  PERCOLATION/LEAKAGE THROUGH     0.00247 (  0.00065)         8.957     0.00810 

    LAYER  5 

  

  AVERAGE HEAD ON TOP             2.610 (    0.742) 

    OF LAYER  4 

  

  CHANGE IN WATER STORAGE        -0.036   (  2.1159)       -131.01     -0.118 

  

 ******************************************************************************* 



 ****************************************************************************** 

  

                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30 

    ------------------------------------------------------------------------ 

                                                 (INCHES)      (CU. FT.) 

                                                ----------   ------------- 

       PRECIPITATION                              2.92         10599.601 

  

       RUNOFF                                     2.603         9448.5596 

  

       DRAINAGE COLLECTED FROM LAYER  3           0.04996        181.36053 

  

       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000030         0.10943 

  

       AVERAGE HEAD ON TOP OF LAYER  4           12.941 

  

       MAXIMUM HEAD ON TOP OF LAYER  4           20.098 

 

       LOCATION OF MAXIMUM HEAD IN LAYER  3 

             (DISTANCE FROM DRAIN)               67.8 FEET 

  

       SNOW WATER                                 9.18         33313.7344 

  

 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3644 

  

       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0912 

  

 

        ***  Maximum heads are computed using McEnroe's equations.  *** 

 

             Reference:  Maximum Saturated Depth over Landfill Liner 

                         by Bruce M. McEnroe, University of Kansas 

                         ASCE Journal of Environmental Engineering 

                         Vol. 119, No. 2, March 1993, pp. 262-270. 

  

 ****************************************************************************** 

 

 ****************************************************************************** 

  

                    FINAL WATER STORAGE AT END OF YEAR   30 

     ---------------------------------------------------------------------- 

                     LAYER        (INCHES)       (VOL/VOL) 

                     -----        --------       --------- 

                       1            2.0400         0.3400 

 

                       2            1.5288         0.2548 

 

                       3            2.1486         0.1790 

 

                       4            0.0000         0.0000 

 

                       5           15.3720         0.4270 

 

                   SNOW WATER       0.364 

  

****************************************************************************** 

****************************************************************************** 



 

Attachment 4 
 

HELP Model Output: 25% Slope, Cover A 
  



 ****************************************************************************** 

 ****************************************************************************** 

 **                                                                          ** 

 **                                                                          ** 

 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 

 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 

 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 

 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 

 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 

 **                                                                          ** 

 **                                                                          ** 

 ****************************************************************************** 

 ****************************************************************************** 

 

 

 

 PRECIPITATION DATA FILE:    c:\temp\MID4.D4                                    

 TEMPERATURE DATA FILE:      C:\temp\MID7.D7                                    

 SOLAR RADIATION DATA FILE:  c:\temp\MID13.D13                                  

 EVAPOTRANSPIRATION DATA:    c:\temp\MID11.D11                                  

 SOIL AND DESIGN DATA FILE:  c:\temp\MID25-A.D10                                

 OUTPUT DATA FILE:           c:\temp\MID25-A.OUT                                

 

 

 

 TIME:  10:28     DATE:   3/28/2011 

 

 

 

  

 ****************************************************************************** 

 

      TITLE:  Midland Plant Landfill, Cover Evaluation, 25% Slope Cover A  

 

 ****************************************************************************** 

 

 

 

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 

               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

 

 

  

                                    LAYER  1 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =      6.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.3697 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 

                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

 

 

 



  

                                    LAYER  2 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =     18.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.2853 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

 

 

 

  

                                    LAYER  3 

                                    -------- 

 

                        TYPE 2 - LATERAL DRAINAGE LAYER 

                          MATERIAL TEXTURE NUMBER  46 

            THICKNESS                   =      0.25   INCHES 

            POROSITY                    =      0.8500 VOL/VOL 

            FIELD CAPACITY              =      0.0100 VOL/VOL 

            WILTING POINT               =      0.0050 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =   2.93000007000     CM/SEC 

            SLOPE                       =     25.00   PERCENT 

            DRAINAGE LENGTH             =    196.0    FEET 

 

 

 

  

                                    LAYER  4 

                                    -------- 

 

                        TYPE 4 - FLEXIBLE MEMBRANE LINER 

                          MATERIAL TEXTURE NUMBER  36 

            THICKNESS                   =      0.06   INCHES 

            POROSITY                    =      0.0000 VOL/VOL 

            FIELD CAPACITY              =      0.0000 VOL/VOL 

            WILTING POINT               =      0.0000 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 

            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 

            FML INSTALLATION DEFECTS    =      4.00   HOLES/ACRE 

            FML PLACEMENT QUALITY       =  3 - GOOD      

 

 

 

  

                                    LAYER  5 

                                    -------- 

 

                          TYPE 3 - BARRIER SOIL LINER 

                          MATERIAL TEXTURE NUMBER  16 

            THICKNESS                   =     36.00   INCHES 

            POROSITY                    =      0.4270 VOL/VOL 

            FIELD CAPACITY              =      0.4180 VOL/VOL 



            WILTING POINT               =      0.3670 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 

 

 

 

  

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

                    ---------------------------------------- 

 

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 

                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.% 

                   AND A SLOPE LENGTH OF  196. FEET. 

 

         SCS RUNOFF CURVE NUMBER             =     86.90 

         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 

         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 

         EVAPORATIVE ZONE DEPTH              =     20.0    INCHES 

         INITIAL WATER IN EVAPORATIVE ZONE   =      6.378  INCHES 

         UPPER LIMIT OF EVAPORATIVE STORAGE  =      7.960  INCHES 

         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.720  INCHES 

         INITIAL SNOW WATER                  =      0.000  INCHES 

         INITIAL WATER IN LAYER MATERIALS    =     22.728  INCHES 

         TOTAL INITIAL WATER                 =     22.728  INCHES 

         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 

 

 

 

 

                     EVAPOTRANSPIRATION AND WEATHER DATA  

                     ----------------------------------- 

 

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

                   E. LANSING            MICHIGAN           

 

              STATION LATITUDE                       =  42.60 DEGREES 

              MAXIMUM LEAF AREA INDEX                =   2.00 

              START OF GROWING SEASON (JULIAN DATE)  =    123 

              END OF GROWING SEASON (JULIAN DATE)    =    283 

              EVAPORATIVE ZONE DEPTH                 =  20.0  INCHES 

              AVERAGE ANNUAL WIND SPEED              =  10.10 MPH 

              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  77.00 % 

              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 

              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  75.00 % 

              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 % 

 

 

 

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    DETROIT             MICHIGAN             

 

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

        1.86        1.69        2.54        3.15        2.77        3.43 

        3.10        3.21        2.25        2.12        2.33        2.52 



 

 

 

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

 

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

       21.60       23.30       33.00       46.30       57.20       66.80 

       70.80       69.20       61.70       50.70       38.50       27.00 

 

 

 

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

                     AND STATION LATITUDE  =  42.60 DEGREES 

 

 

 

  

 

 

 ******************************************************************************* 

  

          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

  

                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 

                          -------  -------  -------  -------  -------  ------- 

   PRECIPITATION 

   ------------- 

     TOTALS                 1.81     1.77     2.38     3.33     2.97     3.36 

                            2.93     2.98     2.31     1.66     2.36     2.63 

  

     STD. DEVIATIONS        0.65     0.79     1.07     1.30     1.13     1.41 

                            1.26     1.64     1.37     1.06     1.00     1.05 

  

   RUNOFF 

   ------ 

     TOTALS                 0.504    1.249    2.700    1.267    0.073    0.087 

                            0.066    0.192    0.027    0.018    0.071    0.248 

  

     STD. DEVIATIONS        0.475    1.114    1.957    1.623    0.144    0.161 

                            0.133    0.342    0.076    0.070    0.125    0.372 

  

   EVAPOTRANSPIRATION 

   ------------------ 

     TOTALS                 0.396    0.338    0.396    2.352    3.272    4.104 

                            3.044    2.523    1.839    1.081    0.710    0.383 

  

     STD. DEVIATIONS        0.068    0.076    0.179    0.986    1.050    1.033 

                            1.148    1.002    0.879    0.392    0.146    0.085 

  

   LATERAL DRAINAGE COLLECTED FROM LAYER  3 

   ---------------------------------------- 

     TOTALS                 0.0600   0.0000   0.2190   1.5324   0.4532   0.0250 

                            0.0276   0.0520   0.0115   0.1064   0.4722   0.5588 



  

     STD. DEVIATIONS        0.2281   0.0000   0.5159   0.6401   0.5171   0.0725 

                            0.1405   0.1887   0.0513   0.2451   0.7825   0.6043 

  

   PERCOLATION/LEAKAGE THROUGH LAYER  5 

   ------------------------------------ 

     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

 

 ------------------------------------------------------------------------------- 

                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

 ------------------------------------------------------------------------------- 

 

  

   DAILY AVERAGE HEAD ON TOP OF LAYER  4 

   ------------------------------------- 

     AVERAGES               0.0001   0.0000   0.0004   0.0026   0.0007   0.0000 

                            0.0000   0.0001   0.0000   0.0002   0.0008   0.0009 

  

     STD. DEVIATIONS        0.0004   0.0000   0.0008   0.0011   0.0008   0.0001 

                            0.0002   0.0003   0.0001   0.0004   0.0013   0.0010 

  

 ******************************************************************************* 

 

 

 

 ******************************************************************************* 

  

      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

                                      INCHES            CU. FEET       PERCENT 

                                -------------------   -------------   --------- 

  PRECIPITATION                  30.46    (   3.646)     110581.9     100.00 

  

  RUNOFF                          6.501   (  2.0217)      23600.08     21.342 

  

  EVAPOTRANSPIRATION             20.438   (  2.4926)      74190.03     67.091 

  

  LATERAL DRAINAGE COLLECTED      3.51813 (  1.65169)     12770.815   11.54874 

    FROM LAYER  3 

  

  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.006     0.00001 

    LAYER  5 

  

  AVERAGE HEAD ON TOP             0.000 (    0.000) 

    OF LAYER  4 

  

  CHANGE IN WATER STORAGE         0.006   (  1.4163)         20.96      0.019 

  

 ******************************************************************************* 

 

 

 

   



 ****************************************************************************** 

  

                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30 

    ------------------------------------------------------------------------ 

                                                 (INCHES)      (CU. FT.) 

                                                ----------   ------------- 

       PRECIPITATION                              2.92         10599.601 

  

       RUNOFF                                     2.611         9479.0566 

  

       DRAINAGE COLLECTED FROM LAYER  3           0.71355       2590.19995 

  

       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000000         0.00050 

  

       AVERAGE HEAD ON TOP OF LAYER  4            0.036 

  

       MAXIMUM HEAD ON TOP OF LAYER  4            0.009 

 

       LOCATION OF MAXIMUM HEAD IN LAYER  3 

             (DISTANCE FROM DRAIN)              168.7 FEET 

  

       SNOW WATER                                 9.18         33313.7344 

  

 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3652 

  

       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 

  

 

        ***  Maximum heads are computed using McEnroe's equations.  *** 

 

             Reference:  Maximum Saturated Depth over Landfill Liner 

                         by Bruce M. McEnroe, University of Kansas 

                         ASCE Journal of Environmental Engineering 

                         Vol. 119, No. 2, March 1993, pp. 262-270. 

 

  

 ****************************************************************************** 

 

 ****************************************************************************** 

  

                    FINAL WATER STORAGE AT END OF YEAR   30 

     ---------------------------------------------------------------------- 

                     LAYER        (INCHES)       (VOL/VOL) 

                     -----        --------       --------- 

                       1            2.0434         0.3406 

 

                       2            5.1189         0.2844 

 

                       3            0.0025         0.0100 

 

                       4            0.0000         0.0000 

 

                       5           15.3720         0.4270 

 

                   SNOW WATER       0.364 

  

 ****************************************************************************** 

 ****************************************************************************** 



 

Attachment 5 
 

HELP Model Output: 25% Slope, Cover B 
 
 



 ****************************************************************************** 

 ****************************************************************************** 

 **                                                                          ** 

 **                                                                          ** 

 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 

 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 

 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 

 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 

 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 

 **                                                                          ** 

 **                                                                          ** 

 ****************************************************************************** 

 ****************************************************************************** 

 

 

 

 PRECIPITATION DATA FILE:    c:\temp\MID4.D4                                    

 TEMPERATURE DATA FILE:      C:\temp\MID7.D7                                    

 SOLAR RADIATION DATA FILE:  c:\temp\MID13.D13                                  

 EVAPOTRANSPIRATION DATA:    c:\temp\MID11.D11                                  

 SOIL AND DESIGN DATA FILE:  c:\temp\MID25-B.D10                                

 OUTPUT DATA FILE:           c:\temp\MID25-B.OUT                                

 

 

 

 TIME:  10:29     DATE:   3/28/2011 

 

 

 

  

 ****************************************************************************** 

 

      TITLE:  Midland Plant Landfill, Cover Evaluation, 25% Slope Cover B  

 

 ****************************************************************************** 

 

 

 

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 

               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

 

 

  

                                    LAYER  1 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =      6.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.3697 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 

                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

 

 

 



  

                                    LAYER  2 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  10 

            THICKNESS                   =     18.00   INCHES 

            POROSITY                    =      0.3980 VOL/VOL 

            FIELD CAPACITY              =      0.2440 VOL/VOL 

            WILTING POINT               =      0.1360 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.2853 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

 

 

 

  

                                    LAYER  3 

                                    -------- 

 

                        TYPE 2 - LATERAL DRAINAGE LAYER 

                          MATERIAL TEXTURE NUMBER  46 

            THICKNESS                   =      0.25   INCHES 

            POROSITY                    =      0.8500 VOL/VOL 

            FIELD CAPACITY              =      0.0100 VOL/VOL 

            WILTING POINT               =      0.0050 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =   2.93000007000     CM/SEC 

            SLOPE                       =     25.00   PERCENT 

            DRAINAGE LENGTH             =    196.0    FEET 

 

 

 

  

                                    LAYER  4 

                                    -------- 

 

                        TYPE 4 - FLEXIBLE MEMBRANE LINER 

                          MATERIAL TEXTURE NUMBER  36 

            THICKNESS                   =      0.06   INCHES 

            POROSITY                    =      0.0000 VOL/VOL 

            FIELD CAPACITY              =      0.0000 VOL/VOL 

            WILTING POINT               =      0.0000 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 

            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 

            FML INSTALLATION DEFECTS    =      4.00   HOLES/ACRE 

            FML PLACEMENT QUALITY       =  3 - GOOD      

 

 

 

  

                                    LAYER  5 

                                    -------- 

 

                      TYPE 1 - VERTICAL PERCOLATION LAYER 

                          MATERIAL TEXTURE NUMBER  17 

            THICKNESS                   =      0.25   INCHES 

            POROSITY                    =      0.7500 VOL/VOL 

            FIELD CAPACITY              =      0.7470 VOL/VOL 



            WILTING POINT               =      0.4000 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.7470 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC 

 

 

 

  

                                    LAYER  6 

                                    -------- 

 

                          TYPE 3 - BARRIER SOIL LINER 

                          MATERIAL TEXTURE NUMBER  16 

            THICKNESS                   =     12.00   INCHES 

            POROSITY                    =      0.4270 VOL/VOL 

            FIELD CAPACITY              =      0.4180 VOL/VOL 

            WILTING POINT               =      0.3670 VOL/VOL 

            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL 

            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 

 

 

 

  

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

                    ---------------------------------------- 

 

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 

                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.% 

                   AND A SLOPE LENGTH OF  196. FEET. 

 

         SCS RUNOFF CURVE NUMBER             =     86.90 

         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 

         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 

         EVAPORATIVE ZONE DEPTH              =     20.0    INCHES 

         INITIAL WATER IN EVAPORATIVE ZONE   =      6.378  INCHES 

         UPPER LIMIT OF EVAPORATIVE STORAGE  =      7.960  INCHES 

         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.720  INCHES 

         INITIAL SNOW WATER                  =      0.000  INCHES 

         INITIAL WATER IN LAYER MATERIALS    =     12.667  INCHES 

         TOTAL INITIAL WATER                 =     12.667  INCHES 

         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 

 

 

 

 

                     EVAPOTRANSPIRATION AND WEATHER DATA  

                     ----------------------------------- 

 

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

                   E. LANSING            MICHIGAN           

 

              STATION LATITUDE                       =  42.60 DEGREES 

              MAXIMUM LEAF AREA INDEX                =   2.00 

              START OF GROWING SEASON (JULIAN DATE)  =    123 

              END OF GROWING SEASON (JULIAN DATE)    =    283 

              EVAPORATIVE ZONE DEPTH                 =  20.0  INCHES 

              AVERAGE ANNUAL WIND SPEED              =  10.10 MPH 

              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  77.00 % 



              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 

              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  75.00 % 

              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 % 

 

 

 

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    DETROIT             MICHIGAN             

 

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

        1.86        1.69        2.54        3.15        2.77        3.43 

        3.10        3.21        2.25        2.12        2.33        2.52 

 

 

 

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

 

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

 

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 

      -------     -------     -------     -------     -------     ------- 

       21.60       23.30       33.00       46.30       57.20       66.80 

       70.80       69.20       61.70       50.70       38.50       27.00 

 

 

 

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 

                   COEFFICIENTS FOR    E. LANSING          MICHIGAN             

                     AND STATION LATITUDE  =  42.60 DEGREES 

 

 

 

  

 

 

 ******************************************************************************* 

  

          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

  

                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 

                          -------  -------  -------  -------  -------  ------- 

   PRECIPITATION 

   ------------- 

     TOTALS                 1.81     1.77     2.38     3.33     2.97     3.36 

                            2.93     2.98     2.31     1.66     2.36     2.63 

  

     STD. DEVIATIONS        0.65     0.79     1.07     1.30     1.13     1.41 

                            1.26     1.64     1.37     1.06     1.00     1.05 

  

   RUNOFF 

   ------ 

     TOTALS                 0.504    1.249    2.700    1.267    0.073    0.087 

                            0.066    0.192    0.027    0.018    0.071    0.248 

  



     STD. DEVIATIONS        0.475    1.114    1.957    1.623    0.144    0.161 

                            0.133    0.342    0.076    0.070    0.125    0.372 

  

   EVAPOTRANSPIRATION 

   ------------------ 

     TOTALS                 0.396    0.338    0.396    2.352    3.272    4.104 

                            3.044    2.523    1.839    1.081    0.710    0.383 

  

     STD. DEVIATIONS        0.068    0.076    0.179    0.986    1.050    1.033 

                            1.148    1.002    0.879    0.392    0.146    0.085 

  

   LATERAL DRAINAGE COLLECTED FROM LAYER  3 

   ---------------------------------------- 

     TOTALS                 0.0600   0.0000   0.2190   1.5324   0.4532   0.0250 

                            0.0276   0.0520   0.0115   0.1064   0.4722   0.5588 

  

     STD. DEVIATIONS        0.2281   0.0000   0.5159   0.6401   0.5171   0.0725 

                            0.1405   0.1887   0.0513   0.2451   0.7825   0.6043 

  

   PERCOLATION/LEAKAGE THROUGH LAYER  4 

   ------------------------------------ 

     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

   PERCOLATION/LEAKAGE THROUGH LAYER  6 

   ------------------------------------ 

     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

 

 ------------------------------------------------------------------------------- 

                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

 ------------------------------------------------------------------------------- 

 

  

   DAILY AVERAGE HEAD ON TOP OF LAYER  4 

   ------------------------------------- 

     AVERAGES               0.0001   0.0000   0.0004   0.0026   0.0007   0.0000 

                            0.0000   0.0001   0.0000   0.0002   0.0008   0.0009 

  

     STD. DEVIATIONS        0.0004   0.0000   0.0008   0.0011   0.0008   0.0001 

                            0.0002   0.0003   0.0001   0.0004   0.0013   0.0010 

  

   DAILY AVERAGE HEAD ON TOP OF LAYER  6 

   ------------------------------------- 

     AVERAGES               0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 

  

 ******************************************************************************* 

 



 

 

 ******************************************************************************* 

  

      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 

 ------------------------------------------------------------------------------- 

                                      INCHES            CU. FEET       PERCENT 

                                -------------------   -------------   --------- 

  PRECIPITATION                  30.46    (   3.646)     110581.9     100.00 

  

  RUNOFF                          6.501   (  2.0217)      23600.08     21.342 

  

  EVAPOTRANSPIRATION             20.438   (  2.4926)      74190.03     67.091 

  

  LATERAL DRAINAGE COLLECTED      3.51813 (  1.65169)     12770.820   11.54874 

    FROM LAYER  3 

  

  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.004     0.00000 

    LAYER  4 

  

  AVERAGE HEAD ON TOP             0.000 (    0.000) 

    OF LAYER  4 

  

  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.004     0.00000 

    LAYER  6 

  

  AVERAGE HEAD ON TOP             0.000 (    0.000) 

    OF LAYER  6 

  

  CHANGE IN WATER STORAGE         0.006   (  1.4163)         20.96      0.019 

  

 ******************************************************************************* 

 

 

 ****************************************************************************** 

  

                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30 

    ------------------------------------------------------------------------ 

                                                 (INCHES)      (CU. FT.) 

                                                ----------   ------------- 

       PRECIPITATION                              2.92         10599.601 

  

       RUNOFF                                     2.611         9479.0566 

  

       DRAINAGE COLLECTED FROM LAYER  3           0.71355       2590.20044 

  

       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000000         0.00009 

  

       AVERAGE HEAD ON TOP OF LAYER  4            0.036 

  

       MAXIMUM HEAD ON TOP OF LAYER  4            0.009 

 

       LOCATION OF MAXIMUM HEAD IN LAYER  3 

             (DISTANCE FROM DRAIN)              169.9 FEET 

  

       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00009 

  

       AVERAGE HEAD ON TOP OF LAYER  6            0.000 

  



       SNOW WATER                                 9.18         33313.7344 

  

 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3652 

  

       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 

  

 

        ***  Maximum heads are computed using McEnroe's equations.  *** 

 

             Reference:  Maximum Saturated Depth over Landfill Liner 

                         by Bruce M. McEnroe, University of Kansas 

                         ASCE Journal of Environmental Engineering 

                         Vol. 119, No. 2, March 1993, pp. 262-270. 

 

  

 ****************************************************************************** 

 

 ****************************************************************************** 

  

                    FINAL WATER STORAGE AT END OF YEAR   30 

     ---------------------------------------------------------------------- 

                     LAYER        (INCHES)       (VOL/VOL) 

                     -----        --------       --------- 

                       1            2.0434         0.3406 

 

                       2            5.1189         0.2844 

 

                       3            0.0025         0.0100 

 

                       4            0.0000         0.0000 

 

                       5            0.1867         0.7470 

 

                       6            5.1240         0.4270 

 

                   SNOW WATER       0.364 

  

 ****************************************************************************** 

 ****************************************************************************** 
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FINAL COVER INFILTRATION EVALUATION 
 
Objective 
 
Calculate the quantity of surface water infiltrating into the drainage layer component of the final 
cover using the USEPA Hydrologic Evaluation of Landfill Performance Version 3.07 (“HELP”) 
computer modeling program.  This analysis was performed to provide base data for the 
evaluation of the final cover drainage layer. 
 
Design Criteria and Assumptions 

 
HELP Model Version 3.07 Input: 
 
1. Temperature, precipitation, and solar radiation data can be default data, user input or 

synthetically generated by the HELP Model.  Synthetically generated temperature, and 
solar radiation data for East Lansing, Michigan and synthetically generated precipitation 
data for Detroit, Michigan were used to simulate site weather conditions.   

 
2. Geomembrane liner pinhole density and size were assumed to account for possible 

manufacturing defects during geomembrane production.  The HELP Model User’s Guide 
for Version 3.07 states that the pinhole density for a typical geomembrane is 0.5 to 
1 pinhole per acre.  The pinhole density at the upper end of the recommended range, or 
one hole per acre was assumed.  The diameter of the hole was assumed to be 1 mm, 
therefore the area of the hole was 0.008 cm2.   

 
3. The placement quality for the geomembrane liner was assumed to be “good.”  According to 

the HELP Model User’s Guide for Version 3.07, a “good” placement quality “assumes good 
field installation with well-prepared, smooth soil surface and geomembrane wrinkle control 
to insure good contact between geomembrane and adjacent soil that limits drainage rate.” 

 
4. The installation defects for the geomembrane liner were assumed to be four holes per acre.  

The area of the hole is 1 cm2. 
 
5. Various final cover slopes and drainage lengths will be present on the final cover.  To 

provide conservative results and simplify the analysis, the maximum and minimum slopes 
are considered.  To be conservative the maximum slope length for each slope is used in 
the analysis.  The final cover slopes and flow paths used in the HELP model are as follows: 
a. 4% Minimum Slope top area:  305 ft.  
b. 25% Maximum Slope sideslopes: 196 ft. 

 
6. Two cover scenarios were analyzed for the 4% top slope and two for the 25% sideslopes.  

The cover scenarios are described in Tables 1 through 4. 
 
7. The initial moisture content of the soil layers were calculated by the HELP Model to be 

nearly steady state (i.e., the HELP Model automatically generates the initial moisture 
content for each layer based on weather inputs and layer data). 
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8. An assumed 1-acre unit design area was used for modeling purposes to compute unit 

quantities. 
 
9. As presented in Table 5 of this appendix, soil layers were modeled using HELP Model 

default soil characteristics (porosity, field capacity, wilting point and saturated hydraulic 
conductivity). 

 
10. When present, the compacted clay component of the final cover was assumed to have a 

maximum hydraulic conductivity of 1x10-7 cm/sec.   
 
11. Final Cover Condition Inputs: 
 

a. Fair grass conditions 
b. Evaporative zone depth = 20 inches (recommended by the HELP Model for fair grass 

conditions for East Lansing, Michigan) 
c. Maximum leaf area index = 2.0 (recommended by the HELP Model for fair grass 

conditions) 
d. Fraction of area allowing run-off = 100 percent 
e.  Run-off curve number = calculated by HELP model based on soil types and slope 

information input. 
f. Length of model run = 30 years (chosen to allow for more representative average 

values). 
 
12. The HELP model does not allow the modeling of two “barrier” layers adjacent to one 

another.  To overcome this software limitation, the GCL is modeled as a vertical 
percolation layer.   

 
13. The use of geotextiles does not affect infiltration in the HELP model and therefore 

geotextiles are not included in the analysis. 
 
14. A geocomposite with a 250 mil geonet is assumed.  An effective hydraulic conductivity of 

0.0293 m/s will be used for the assumed geocomposite drainage layer as calculated in the 
Geocomposite Capacity Analysis provided in Attachment 1.  

 
15. The 4 percent top slope area drainage layer discharges to the diversion berms.    
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HELP MODEL GENERAL LAYOUT 

Table 1:  4% Top Slope, Cover A - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2 x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 18 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage  ↓
 

0.25 inches 2.93 cm/sec geonet/#46 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5) GCL ↓ 0.25 inches 3.0 x 10-9 cm/sec GCL/#17 

(6)barrier soil liner ↓ 12 inches 1.0 x 10-7 cm/sec barrier layer/#16 

 

Table 2:  4% Top Slope, Cover B - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 6 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage  ↓
 

12 inches 5.8 x 10-3 cm/sec sand/#2 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5)barrier soil liner ↓ 36 inches 1.0 x 10-5 cm/sec barrier layer/#16 

 
 

Table 3:  25% Side Slope, Cover A - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2 x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 18 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage ↓
 

0.25 inches 2.93 cm/sec geonet/#46 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5)barrier soil liner ↓ 36 inches 1.0 x 10-7 cm/sec barrier layer/#16 

 

Table 4:  25% Top Slope, Cover B - HELP Model Layout 

(Layer Number) 
Layer Description 

Flow Thickness 
Saturated Hydraulic 

Conductivity 
Soil Type/ 

Texture Number 

(1)vertical percolation ↓ 6 inches 1.2 x 10-4 cm/sec topsoil/#10 

(2)vertical percolation  ↓ 18 inches 1.2 x 10-4 cm/sec protective soil/#10 

(3)lateral drainage  ↓
 

0.25 inches 2.93 cm/sec geonet/#46 

(4)geomembrane liner ↓ 0.06 inch 4.0 x 10-13 cm/sec geomembrane/#36 

(5) GCL ↓ 0.25 inches 3.0 x 10-9 cm/sec GCL/#17 

(6)barrier soil liner ↓ 12 inches 1.0 x 10-7 cm/sec barrier layer/#16 
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Table 5:  Soil Texture Properties 

 

Soil 
Texture 

No. 

Soil Classification 

Comments, Properties, and Uses USDA USCS 

2 S --- 
HELP Model default parameter to model drainage sand.  
The effective saturated hydraulic conductivity = 5.8x10-3 
cm/sec. 

10 SCL SC 
Assumed HELP model default soil to model the topsoil 
and vegetative support soil. 

16 
C 

Clay 
CH 

Clay 

HELP Model default parameter for a barrier soil.  This 
soil was modeled for the compacted clay layer.  This soil 
type was used based on an effective saturated hydraulic 
conductivity = 1x10-7 cm/sec. 

17 --- --- 
HELP Model default parameter for a bentonite mat, used 
to model the GCL.  The effective saturated hydraulic 
conductivity = 3x10-9 cm/sec 

36 --- --- 

HELP Model default parameters for the LLDPE 
geomembrane, used to model the 60-mil VLDPE 
geomembrane in the final cover.  Effective saturated 
hydraulic conductivity of the geomembrane is 
4x10-13 cm/sec. 

46 --- --- 

Based on the HELP Model default parameter for a 
drainage net, used to model the geocomposite drainage 
layer.  The effective saturated hydraulic conductivity of 
the default parameter has been modified to 2.93 cm/sec. 

 

NOTE:  All soil properties are defaults of HELP Model, Version 3.07. 
 
 
Calculations 
 
HELP Model output files are provided in Attachments 2 and 3 for the 4% Top Slope and 
Attachments 4 and 5 for the 25% Side Slope.  Summaries of HELP Model results for peak daily 
values are provided in Table 6.  Peak daily values are presented in the HELP Model output file 
in both inches per day and cubic feet per day.  These results are equivalent but presented in 
different units.   

 
The drainage collected from the drainage layer is also the geocomposite surface water 
impingement rate.  The HELP model presents the drainage collected in inches per day, a 
sample conversion to meters per second is provided below. 

 
Sample Conversion:  1 inch/day x 1 day/86,400 sec x 1 inch/0.0254 meters = 4.56 x 10-4 m/s 
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Table 6:  Peak Daily Values 
 

Cover A Cover B Cover A Cover B

Drainage collected from drainage layer - 

Impingement Rate (inches/day)
0.54474 0.04996 0.71355 0.71355

Drainage collected from drainage layer - 

Impingement Rate (meters/second)
0.000248 2.28E-05 0.000325 0.000325

Head in drainage layer (inches) 18.108 20.098 0.036 0.036

4 Top Slope 25% Side Slope

 
 

Conclusions 
 
As shown in Table 6, the surface water infiltration rate (impingement rate) to the drainage layer 
and the liquid head in the drainage layer varies based on the cover option and slope.  These 
values were used for the stability analysis and design of the final cover drainage system. 
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SURFACE WATER DIVERSION BERM ANALYSIS 
 
Objective 
 
Design diversion berms to intercept surface water runoff from the top area of the final cover and 
divert surface water runoff to the downslope pipes. 

 
Design Criteria and Assumptions 

 
1. The Channel Design Utility of SEDCAD+, a computer program, was used to design the 

diversion berms.  SEDCAD+ is a program developed at the University of Kentucky to 
assist in the design and evaluation of surface water management system components. 

 
2. Diversion berms should be able to convey runoff from a 25-year, 24-hour storm event, with 

6 inches of freeboard. 
 

3. Diversion berm design will be based on maximum flow conditions.  As discussed in the 
Surface Water Run-off Estimates, the design peak run-off flow is 3.94 cfs. 

  
4. Diversion berms are located at the top of the 25 percent sideslopes around the perimeter 

of the top area.  Diversion berms will slope toward the downslope pipes.  Diversion berm 
slopes vary from a 0.5 percent minimum to a maximum of approximately 3.3 percent.  To 
be conservative, the analysis considers a maximum diversion berm slope of 4 percent to 
evaluate riprap size and a minimum slope of 0.5 percent for depth.  

 
5. Diversion berm channels will be triangular in shape with 3:1 (horizontal:vertical) channel 

sideslopes. 
 

6. Diversion berm channels will be lined with riprap. 
 

7. Flow from the cover drainage layer on the landfill top slope will be discharged to the 
diversion berms.  The flow from the drainage layer will be low and will not coincide with 
peak surface water run-off flows.  The surface water run-off peak flow is conservative and 
therefore used in this analysis. 

Calculations 

One analysis was performed to design the diversion berms for the landfill.  For the analysis the 
largest area, which results in the largest peak flow, draining to a diversion berm is considered.  
The maximum and minimum berm slopes are included in the analysis so that a single final 
design can be chosen to function properly in all diversion berm locations.  The maximum slope 
is considered to evaluate the riprap size and limiting velocity, while the minimum slope is 
considered to evaluate the required flow depth.   
 
SEDCAD+ results for the maximum slope and minimum slope diversion berms is attached and 
summarized in Table 1 below. 
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Subwatersheds are labeled with the structure number and the subwatershed number.   The 
subwatersheds that drain to a diversion berm are 6-2, 6-3, 6-5, and 7-1.  The largest SWS, 6-3, 
is considered in this analysis. 
 
Based on experience, to be conservative, and to limit the opportunity for riprap to enter 
downslope pipes, a design riprap D50 = 6 inches. 
 
 
 
 

Table 1: Maximum Flow Summary 

Component 
Slope 
(%) 

Max. 
Flow  
(cfs) 

SEDCAD+ 
Flow Depth  

(ft) 

Design 
Channel 
Depth  

(ft) 

Maximum 
Velocity 

(fps) 

SEDCAD+ 
Riprap D50 

(in) 

Design 
Riprap D50 

(in) 

Diversion Berm - 
maximum slope 

4 3.94 0.58 1.5 3.84 1.50 
6.0 

 Diversion  Berm 
- minimum slope 

0.5 3.94 0.79 1.5 2.11 0.50 

 
 
Conclusions 
 
One typical cross-section of a diversion berm was developed for the triangular channel to meet 
the requirements of the SEDCAD+ analysis (attached).  The typical cross-section for diversion 
berms is a 1.5 foot deep triangular channel with 3:1 (horizontal:vertical) sideslopes and a 
minimum slope of  0.5 percent and a maximum slope of 4 percent.   The diversion berms will be 
lined with riprap or stone with a minimum D50 of 6 inches. 
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Diversion Berm, Minimum Slope
Material: Riprap

Trapezoidal Channel

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

0.00 3.0:1 3.0:1 0.5

PADER Method - Mild Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 3.94 cfs

Depth: 0.79 ft

Top Width: 4.74 ft

Velocity: 2.11 fps

X-Section Area: 1.87 sq ft

Hydraulic Radius: 0.375

Froude Number: 0.59

Manning's n: 0.0260

Dmin: 0.50 in

D50: 0.75 in

Dmax: 1.50 in

SEDCAD Utility Run Printed 04-28-2011

SEDCAD 4.0
Copyright 1998 Pamela J. Schwab
Civil Software Design 1



Diversion Berm, Maximum Slope

Material: Riprap

Trapezoidal Channel

Bottom
Width (ft)

Left
Sideslope
Ratio

Right
Sideslope
Ratio

Slope (%)
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

0.00 3.0:1 3.0:1 4.0

PADER Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 3.94 cfs

Depth: 0.58 ft

Top Width: 3.51 ft

Velocity: 3.84 fps

X-Section Area: 1.03 sq ft

Hydraulic Radius: 0.277

Froude Number: 1.25

Manning's n: 0.0330

Dmin: 1.00 in

D50: 1.50 in

Dmax: 3.00 in

SEDCAD Utility Run Printed 05-02-2011

SEDCAD 4.0
Copyright 1998 Pamela J. Schwab
Civil Software Design 1
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DOWNSLOPE PIPE ANALYSIS 
 
Objective 
 
Design downslope pipes to convey surface water runoff from the diversion berms to the 
perimeter ditches. 
 
Design Criteria and Assumptions 

 
1. The Channel Design Utility of SEDCAD+, a computer program, was used to design the 

downslope pipes.  SEDCAD+ is a program developed at the University of Kentucky to 
assist in the design and evaluation of surface water management system components. 

 
2. Downslope pipes should be able to convey runoff from the 25-year, 24-hour storm from 

the top area diversion berms to the perimeter ditches. 
 

3. Downslope pipe design will be based on maximum flow conditions.  As discussed in the 
Surface Water Run-off Estimates, the design peak run-off flow is 3.94 cfs. 

  
4. Downslope pipes are located on the 25 percent sideslopes. 

 
5. Downslope pipes will consist of 8-inch HDPE pipes. 

 
6. Downslope pipes will outlet to energy dissipators through a 3 foot section of 8-inch HDPE 

pipe at a slope of 1 percent.  Riprap or alternative materials will be used to provide erosion 
protection. 

Calculations 

One analysis was performed to design the downslope pipes for the landfill.  For the analysis the 
largest area, which results in the largest peak flow, draining to a downslope pipe is considered.  
Downslope pipe locations are shown on the Surface Water Run-off Estimates Attachment 5 
figure. 
 
The SEDCAD+ Channel Design Utility was used to evaluate the downslope pipes.  The results 
of this analysis is attached.  For an 8 inch diameter HDPE pipe, the maximum design flow 
velocity is approximately 18.5 fps and the flow depth is approximately 0.4 feet (4.8 inches). 
 
Conclusions 
 
Based on the analysis, a downslope pipe with a minimum diameter of 8 inches is sufficient to 
handle the design flow.  Erosion protection at downslope pipe inlets and outlets will be required.  
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8" HDPE Downslope Pipe

Material: Plastic

Circular Channel

Pipe
Diameter

(in)
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

8.00 25.0 0.0130

w/o Freeboard w/ Freeboard

Design Discharge: 3.94 cfs

Depth: 0.39 ft

Top Width: 0.66 ft

Velocity: 18.48 fps

X-Section Area: 0.21 sq ft

Hydraulic Radius: 0.183

Froude Number: 5.71

SEDCAD Utility Run Printed 04-28-2011

SEDCAD 4.0
Copyright 1998 Pamela J. Schwab
Civil Software Design 1
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SURFACE WATER ENERGY DISSIPATOR ANALYSIS 
 
Objective 
 
Size energy dissipator structures to limit erosion at the point where downslope pipes discharge into 

perimeter ditches. 

 
Design Criteria and Assumptions 

 
1. Use impact-type energy dissipator, U.S. Bureau of Reclamation (USBR) Type VI Baffle 

Wall Energy Dissipator.   
 

2. Use energy dissipator design procedure presented in Section 9 and riprap sizing from 
Appendix D of “Hydraulic Design of Energy Dissipators for Culverts and Channels,” (HEC-
14, 3rd Edition),U.S. Federal Highway Administration, Washington, D.C., July 2006. 

 
3. Size energy dissipator for the maximum downslope pipe flow for the 25-year, 24-hour 

storm event using data from Downslope Pipe Analysis calculation. 
 

4. Energy dissipators will be located at the outlet of each downslope pipe. 
 

5. The downslope pipe will be connected the energy dissipator by a minimum 3 foot section 
of pipe at a 1% slope.  

Calculations 

One analysis was performed to design the energy dissipators for the landfill.     
 
The following data is from the Downslope Pipe Analysis calculation: 
 

Discharge   = 3.94 ft3/sec 
Velocity   = 18.48 ft/sec 
Cross-sectional area  = 0.21 ft2 
Froude number = 5.71 

 
Calculate the equivalent flow depth, ye 

 
ye  = (A/2)1/2 = (0.21 ft2/2)1/2  
 = 0.324 ft 

 
Calculate the flow energy, H0: 

 
H0 = ye + (V0)

2/2g 
 

Where H0 = flow energy, ft. of water 
ye = equivalent flow depth, ft 
V0 = channel velocity, ft/sec 
g = 32.2 ft/sec2: 
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H0 = (0.324) + (18.48)2/(2 * 32.2) 
H0 = 5.627 ft 

 
From the attached Figure 9.14, determine H0/W, based on the Froude number of 
5.71 (W is the width of the energy dissipator). 

 
H0/W = 1.97 
W = 5.71 ft/1.97  = 2.90 ft 
Round up to 4.0 feet to match the smallest available energy dissipator. 

 
  Calculate the exit velocity from the dissipator by trial and error using an energy 

balance between the culvert exit and the basin exit.  A spreadsheet is used for 
the iterative trial and error process. 

 
  HB = Q/(WBVB) + VB

2/(2g) = Ho(1- HL/Ho) 
 
    Where  

Q = flow, cfs 
WB = width of dissipator, ft 
VB = exit velocity from dissipator, fps 

     g = 32.2 ft/sec2 
     HL/H0 = Loss of energy (from attached Figure 9.15) 
     HL = dissipater discharge flow energy, ft. of water 

 

Q WB VB g Ho HL/Ho

(cfs) (ft) (fps) (ft/sec2) (ft of water) (ft of water)

3.94 4 10.12 32.2 5.627 0.7

=

=

Exit Velocity Calculation

1.6876

Q/(WBVB) + VB
2/(2g) Ho(1- HL/Ho)

1.6881  
 

Use equation D.2 from Appendix D of HEC 14 to size riprap at the energy dissipator outlet: 
    D50 = α V2 
    Where: V = culvert exit velocity, ft/s 
     α = unit conversion constant, 0.0126 for customary units     
    D50 = 0.0126 * 10.122 = 1.29 ft. 
   
  For design purposes, use a minimum D50 = 1.3 ft. = 16 in. 
  Per recommendations in HEC 14, riprap will extend a minimum of 4 pipe 

diameters, or 3 feet, from the energy dissipator.  For design purposes use 4 feet. 
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Conclusions 
 
At the discharge of Downslope Pipes, a 3 foot section of pipe with a slope of 1 percent and a 4-
foot wide energy dissipator is required.  The remaining dimensions of the energy dissipator, 
summarized in Table 1 below, can be found on the attached Table 9.2 and are shown 
graphically on attached Figure 9.13.  Energy dissipators that have similar hydraulic performance 
may be substituted for this design. 

 
Table 1:  Energy Dissipator Dimensions (in feet-inches) 

W h1 L H2 H3 L1 L2 H4 W1 W2 t3 t2 t1 t4 t5 

4-0 3-1 5-5 1-6 0-8 2-4 3-1 1-8 0-4 1-1 0-6 0-6 0-6 0-6 0-3 

 

The estimated surface water exit velocity from the dissipator is approximately 10.12 fps.  A 
minimum D50 = 1.3 foot riprap should be placed a minimum of 2.0 feet thick (D50 * 1.5), on the 
perimeter channel bottom and sideslopes extending downstream 4 feet from the energy 
dissipator.  
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9.4 USBR TYPE VI IMPACT BASIN 

The U.S. Bureau of Reclamation (USBR) Type VI impact basin was developed at the USBR 
Laboratory (ASCE, 1957).  The dissipator is contained in a relatively small box-like structure that 
requires no tailwater for successful performance.  Although the emphasis in this manual is on its 
use at culvert outlets, the structure may also be used in open channels.

The shape of the basin has evolved from extensive tests, but these were limited in range by the 
practical size of field structures required.  With the many combinations of discharge, velocity, 
and depth possible for the incoming flow, it became apparent that some device was needed 
which would be equally effective over the entire range. The vertical hanging baffle, shown in 
Figure 9.13, proved to be this device.  Energy dissipation is initiated by flow striking the vertical 
hanging baffle and being deflected upstream by the horizontal portion of the baffle and by the 
floor, creating horizontal eddies.

Notches in the baffle are provided to aid in cleaning the basin after prolonged periods of low or 
no flow.  If the basin is full of sediment, the notches provide concentrated jets of water for 
cleaning.  The basin is designed to carry the full discharge over the top of the baffle if the space 
beneath the baffle becomes completely clogged.  Although this performance is not good, it is 
acceptable for short periods of time. 

Figure 9.13. USBR Type VI Impact Basin  

The design information is presented as a dimensionless curve in Figure 9.14.  This curve 
incorporates the original information contained in ASCE (1957) and the results of additional 
experimentation performed by the Department of Public Works, City of Los Angeles.  The curve 

W
B

W
B
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shows the relationship of the Froude number to the ratio of the energy entering the dissipator to 
the width of dissipator required.  The Los Angeles tests indicate that limited extrapolation of this 
curve is permissible. 

Figure 9.14. Design Curve for USBR Type VI Impact Basin 

Once the basin width, WB, has been determined, many of the other dimensions shown in Figure 
9.13 follow according to Table 9.2.  To use Table 9.2, round the value of WB to the nearest entry 
in the table to determine the other dimensions.  Interpolation is not necessary. 

In calculating the energy and the Froude number, the equivalent depth of flow, ye = (A/2)1/2,
entering the dissipator from a pipe or irregular-shaped conduit must be computed.  In other 
words, the cross section flow area in the pipe is converted into an equivalent rectangular cross 
section in which the width is twice the depth of flow.  The conduit preceding the dissipator can 
be open, closed, or of any cross section. 

The effectiveness of the basin is best illustrated by comparing the energy losses within the 
structure to those in a natural hydraulic jump, Figure 9.15.  The energy loss was computed 
based on depth and velocity measurements made in the approach pipe and also in the 
downstream channel with no tailwater. Compared with the natural hydraulic jump, the USBR 
Type VI impact basin shows a greater capacity for dissipating energy.

H
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 Table 9.2 (CU). USBR Type VI Impact Basin Dimensions (ft) (AASHTO, 2005) 

WB h1 h2 h3 h4 L L1 L2

4. 3.08 1.50 0.67 1.67 5.42 2.33 3.08 

5. 3.83 1.92 0.83 2.08 6.67 2.92 3.83 

6. 4.58 2.25 1.00 2.50 8.00 3.42 4.58 

7. 5.42 2.58 1.17 2.92 9.42 4.00 5.42 

8. 6.17 3.00 1.33 3.33 10.67 4.58 6.17 

9. 6.92 3.42 1.50 3.75 12.00 5.17 6.92 

10. 7.58 3.75 1.67 4.17 13.42 5.75 7.67 

11. 8.42 4.17 1.83 4.58 14.58 6.33 8.42 

12. 9.17 4.50 2.00 5.00 16.00 6.83 9.17 

13. 10.17 4.92 2.17 5.42 17.33 7.42 10.00 

14. 10.75 5.25 2.33 5.83 18.67 8.00 10.75 

15. 11.50 5.58 2.50 6.25 20.00 8.50 11.50 

16. 12.25 6.00 2.67 6.67 21.33 9.08 12.25 

17. 13.00 6.33 2.83 7.08 21.50 9.67 13.00 

18. 13.75 6.67 3.00 7.50 23.92 10.25 13.75 

19. 14.58 7.08 3.17 7.92 25.33 10.83 14.58 

20. 15.33 7.50 3.33 8.33 26.58 11.42 15.33 

WB W1 W2 t1 t2 t3 t4 t5

4. 0.33 1.08 0.50 0.50 0.50 0.50 0.25 

5. 0.42 1.42 0.50 0.50 0.50 0.50 0.25 

6. 0.50 1.67 0.50 0.50 0.50 0.50 0.25 

7. 0.50 1.92 0.50 0.50 0.50 0.50 0.25 

8. 0.58 2.17 0.50 0.58 0.58 0.50 0.25 

9. 0.67 2.50 0.58 0.58 0.67 0.58 0.25 

10. 0.75 2.75 0.67 0.67 0.75 0.67 0.25 

11. 0.83 3.00 0.67 0.75 0.75 0.67 0.33 

12. 0.92 3.00 0.67 0.83 0.83 0.75 0.33 

13. 1.00 3.00 0.67 0.92 0.83 0.83 0.33 

14. 1.08 3.00 0.67 1.00 0.92 0.92 0.42 

15. 1.17 3.00 0.67 1.00 1.00 1.00 0.42 

16. 1.25 3.00 0.75 1.00 1.00 1.00 0.50 

17. 1.33 3.00 0.75 1.08 1.00 1.00 0.50 

18. 1.33 3.00 0.75 1.08 1.08 1.08 0.58 

19. 1.42 3.00 0.83 1.17 1.08 1.08 0.58 

20. 1.50 3.00 0.83 1.17 1.17 1.17 0.67 
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Figure 9.15. Energy Loss of USBR Type VI Impact Basin versus Hydraulic Jump  

For erosion reduction and better basin operation, use the alternative end sill and 45o wingwall
design as shown in Figure 9.13.  The sill should be set as low as possible to prevent 
degradation downstream.  For best performance, the downstream channel should be at the 
same elevation as the top of the sill.  A slot should be placed in the end sill to provide for 
drainage during periods of low flow.  Although the basin is depressed, the slot allows water to 
drain into the surrounding soil. 

For protection against undermining, a cutoff wall should be added at the end of the basin. Its 
depth will depend on the type of soil present.  Riprap should be placed downstream of the basin 
for a length of at least four conduit widths.  For riprap size recommendations see Chapter 10. 

The Los Angeles experiments simulated discharges up to 11.3 m3/s (400 ft3/s) and entrance 
velocities as high as 15.2 m/s (50 ft/s).  Therefore, use of the basin is limited to installations 
within these parameters.  Velocities up to 15.2 m/s (50 ft/s) can be used without subjecting the 
structure to damage from cavitation forces.  Some structures already constructed have 
exceeded these thresholds suggesting there may be some design flexibility.  For larger 
installations where discharge is separable, two or more structures may be placed side by side.  
The USBR Type VI is not recommended where debris or ice buildup may cause substantial 
clogging.
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PERIMETER DITCH ANALYSIS 
 
Objective 
 
Design perimeter ditches to convey surface water runoff from the downslope pipes to catch 
basins and manholes. 
 

 
Design Criteria and Assumptions 

 
1. The Channel Design Utility of SEDCAD+, a computer program, was used to design the 

perimeter ditches.  SEDCAD+ is a program developed at the University of Kentucky to 
assist in the design and evaluation of surface water management system components. 

 
2. Perimeter ditch should be able to convey runoff from a 25-year, 24-hour storm event, with 

6 inches of freeboard. 
 

3. Perimeter ditch design will be based on maximum flow conditions as provided in the 
Surface Water Run-off Estimates calculation. 

  
4. Perimeter ditches are located around the entire perimeter of the landfill.  

 
5. The slope of the perimeter ditches will be either 0.5 or 0.25 percent depending on location. 

 
6. Perimeter ditches will be trapezoidal in shape with 3:1 (horizontal:vertical) ditch 

sideslopes.  The bottom width of the ditch will be 4 feet.   
 

7. Perimeter ditches will be vegetated.  Riprap or other alternative materials, such as a 
geotextile erosion control mat, will be provided on the perimeter ditch bottoms and 
sideslopes at energy dissipator outlets, and catch basin and manhole inlets. 

 
8. Flow from the cover drainage layer on the landfill sidelsopes will be discharged to the 

perimeter ditches.  The flow from the drainage layer will be low and will not coincide with 
peak surface water run-off flows.  The surface water run-off peak flow is conservative and 
therefore used in this analysis.  

 

Calculations 

The worst case flow conditions for the perimeter ditches on each side of the landfill were 
analyzed.  To reduce the number of design variations for the perimeter ditch and for ease of 
construction, the perimeter ditch design required for the worst case flow conditions on each side 
of the landfill will be used for the entire length of the perimeter ditch on that side.   
 
SEDCAD+ Channel Design Utility results for the perimeter ditch analysis are attached and 
summarized in Table 1 below. 
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Table 1:  Perimeter Ditch Analysis Summary 

Description 
SWS of 
max flow 

Maximum 
Flow (cfs) 

Ditch 
Slope (%) 

Depth (ft) Velocity 
(fps) SEDCAD+ Design 

West Side 5-1 4.04 0.5 1.40 2.0 0.92 

East Side 
6-1, 6-2, & 

6-3 
7.71 0.5 1.68 2.25 1.24 

South Side 7-1 & 7-2 5.27 0.25 1.84 2.5 0.79 

Notes:  
1. SEDCAD+ depth is flow depth and does not include freeboard. 
2. SEDCAD+ output rounds the ditch slope to the nearest tenth of a percent but 

uses the actual slope input in the analysis. 
 
 
Conclusions 
 
A typical cross section of a perimeter ditch was developed to convey the maximum-case flow 
rates.  Dimensions identified by the SEDCAD+ analysis were rounded up to the nearest 0.25 
foot to obtain the typical cross-section.  The typical cross-section for perimeter ditches is: 
 
Perimeter Ditch Typical Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
In general, grass vegetation will be stable with the low design velocities.  Provide riprap or other 
erosion protection material at dissipator outlets and catch basin and manhole inlets. 
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Perimeter Channel - West

Material: Grass mixture

Trapezoidal Channel

Bottom
Width (ft)

Left
Sideslope
Ratio

Right
Sideslope
Ratio

Slope (%)
Retardance
Classes

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity
(fps)

4.00 3.0:1 3.0:1 0.5 D, B 5.0

Stability

Class D w/o
Freeboard

Stability

Class D w/
Freeboard

Capacity

Class B w/o
Freeboard

Capacity

Class B w/
Freeboard

Design Discharge: 4.04 cfs 4.04 cfs

Depth: 0.71 ft 1.40 ft

Top Width: 8.28 ft 12.41 ft

Velocity: 0.92 fps 0.35 fps

X-Section Area: 4.38 sq ft 11.49 sq ft

Hydraulic Radius: 0.514 0.894

Froude Number: 0.22 0.06

Roughness Coefficient: 0.0732 0.2781

SEDCAD Utility Run Printed 04-28-2011

SEDCAD 4.0
Copyright 1998 Pamela J. Schwab
Civil Software Design 1



Perimeter Channel - East
Material: Grass mixture

Trapezoidal Channel

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Retardance

Classes
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

4.00 3.0:1 3.0:1 0.5 D, B 5.0

Stability

Class D w/o
Freeboard

Stability

Class D w/
Freeboard

Capacity

Class B w/o
Freeboard

Capacity

Class B w/
Freeboard

Design Discharge: 7.71 cfs 7.71 cfs

Depth: 0.92 ft 1.68 ft

Top Width: 9.53 ft 14.06 ft

Velocity: 1.24 fps 0.51 fps

X-Section Area: 6.23 sq ft 15.13 sq ft

Hydraulic Radius: 0.634 1.036

Froude Number: 0.27 0.09

Roughness Coefficient: 0.0628 0.2116

SEDCAD Utility Run Printed 04-28-2011

SEDCAD 4.0
Copyright 1998 Pamela J. Schwab
Civil Software Design 1



Perimeter Channel - South

Material: Grass mixture

Trapezoidal Channel

Bottom
Width (ft)

Left
Sideslope
Ratio

Right
Sideslope
Ratio

Slope (%)
Retardance
Classes

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity
(fps)

4.00 3.0:1 3.0:1 0.3 D, B 5.0

Stability

Class D w/o
Freeboard

Stability

Class D w/
Freeboard

Capacity

Class B w/o
Freeboard

Capacity

Class B w/
Freeboard

Design Discharge: 5.27 cfs 5.27 cfs

Depth: 0.96 ft 1.84 ft

Top Width: 9.79 ft 15.06 ft

Velocity: 0.79 fps 0.30 fps

X-Section Area: 6.65 sq ft 17.58 sq ft

Hydraulic Radius: 0.659 1.122

Froude Number: 0.17 0.05

Roughness Coefficient: 0.0711 0.2682

SEDCAD Utility Run Printed 04-28-2011

SEDCAD 4.0
Copyright 1998 Pamela J. Schwab
Civil Software Design 1
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SURFACE WATER RUN-OFF ESTIMATES 
 
Objective 
 
Estimate surface water run-off flows for the landfill after final cover is in place. 

 
Design Criteria and Assumptions 

 
1. SEDCAD+, a computer program, was used to estimate run-off flows and design the 

surface water management system for the landfill.  SEDCAD+ is a program developed at 
the University of Kentucky to assist in the design and evaluation of surface water 
management system components. 
 
The program is capable of computing peak flow, calculating runoff volume, sizing channels 
and culverts, and computing the hydraulic performance of sedimentation basins.  
SEDCAD+ utilizes the following methods within the program: 

 

• SCS Upland Curve Method for calculating time of concentration. 

• Muskingum’s Method for routing between structures. 

• SCS Technical Release - 55 (TR-55) parameter for runoff volume. 
 

2. In accordance with R299.9505(1)(f) the 25-year, 24-hour storm will be used in the 
analysis.  The peak rainfall value of 3.90 inches is based on the figure provided in 
Attachment 1 obtained from the Illinois State Water Survey Bulletin, Rainfall Frequency 
Atlas of the Midwest, MCC Research Report 92-03, Bulletin 71, by Floyd A. Huff and 
James R. Angel.   

 
3. Use SCS storm distribution Type II, per the figure from SCS TR-55 provided in Attachment 

2. 
 

4. The curve number is based on the cover soil characteristics and the condition of the 
vegetation.  Based on soil information from the USDA, Natural Resources Conservation 
Service Web Soil Survey, http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm, soils in 
the vicinity of the landfill are classified as Hydrologic soil group B.  It is assumed that 
locally available soils will be used for topsoil.  Soils in the vicinity of the landfill include the 
following: Wixom Loamy Sand, Parkhill Loam, and Lenawee Silty Clay as shown in 
Attachment 3.    

 
5. Determine the curve number from tables provided in SCS TR-55 and included in 

Attachment 4.  A curve number of 69 is chosen based on hydrologic soil group B 
assuming final cover conditions are pasture, fair condition.  

 
6. In the SEDCAD inputs to calculate time of concentration, paved areas are used to 

represent downslope pipes and riprap or stone lined channels. 
 

7. Sub-watershed (SWS) areas and SEDCAD structure labels are shown on the figure 
provided in Attachment 5. 
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Calculations 
 
SEDCAD output which includes input data is provided in Attachment 6.  Table 1 summarizes the 
maximum flows for various conditions. 
 

Table 1: Maximum Flow Summary 

Component 
SWS Considered  

[Structure #]-[SWS #] 
SWS with Max. 

Flow 
25-yr, 24-hr Storm 

Maximum Flow (cfs) 
 Diversion  

Berm 
6-2, 6-3, 6-5, and 7-2  6-3 3.94 

Downslope  
Pipe 

6-2, 6-3, 6-5, and 7-2 6-3 3.94 

Perimeter Ditch 
West 

2-1, 3-1, 3-2, 4-1, and 5-1 5-1 4.04 

Perimeter Ditch 
South 

1-1 and (7-1 + 7-2) (7-1 +7-2) 
5.27  

(3.06 + 2.21) 
Perimeter Ditch 

East 
(6-1 + 6-2 + 6-3) and (6-4 + 6-5) (6-1 + 6-2 + 6-3) 

7.71  
(2.41 + 1.36 + 3.94) 

 
 
Conclusions 
 
The surface water run-off estimates for use in the design of the surface water management 
system components are summarized in Table 1. 
 
 
 
 
 
 
 
 
L:\work\60134827\ENG\WASTE\Surface Water\Final 5-5-11\Midland Surface Water Run-off Rev3.doc



25-yr. 24-hr.

Figure 6. Continued

87

ruttat
Line



B–2 (210-VI-TR-55, Second Ed., June 1986)
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Figure B-2 Approximate geographic boundaries for NRCS (SCS) rainfall distributions

Rainfall data sources
This section lists the most current 24-hour rainfall data

published by the National Weather Service (NWS) for

various parts of the country. Because NWS Technical

Paper 40 (TP-40) is out of print, the 24-hour rainfall

maps for areas east of the 105th meridian are included

here as figures B-3 through B-8. For the area generally

west of the 105th meridian, TP-40 has been superseded

by NOAA Atlas 2, the Precipitation-Frequency Atlas of

the Western United States, published by the National

Ocean and Atmospheric Administration.

East of 105th meridian
Hershfield, D.M. 1961. Rainfall frequency atlas of the

United States for durations from 30 minutes to 24

hours and return periods from 1 to 100 years. U.S.

Dept. Commerce, Weather Bur. Tech. Pap. No. 40.

Washington, DC. 155 p.

West of 105th meridian
Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.

Precipitation-frequency atlas of the Western United

States. Vol. I Montana; Vol. II, Wyoming; Vol III, Colo-

rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;

Vol. VII, Nevada; Vol. VIII, Arizona; Vol. IX, Washing-

ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.

Silver Spring, MD.

Alaska
Miller, John F. 1963. Probable maximum precipitation

and rainfall-frequency data for Alaska for areas to 400

square miles, durations to 24 hours and return periods

from 1 to 100 years. U.S. Dept. of Commerce, Weather

Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii
Weather Bureau. 1962. Rainfall-frequency atlas of the

Hawaiian Islands for areas to 200 square miles, dura-

tions to 24 hours and return periods from 1 to 100

years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.

No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands
Weather Bureau. 1961. Generalized estimates of prob-

able maximum precipitation and rainfall-frequency

data for Puerto Rico and Virgin Islands for areas to 400

square miles, durations to 24 hours, and return periods

from 1 to 100 years. U.S. Dept. Commerce, Weather

Bur. Tech. Pap. No. 42. Washington, DC. 94 P.
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Chapter 2

2–7(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55

Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2c Runoff curve numbers for other agricultural lands 1/

  Curve numbers for

--------------------------------------- Cover description  --------------------------------------                 ------------ hydrologic soil group ---------------
Hydrologic

Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86

and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch. Fair: 50 to 75% ground cover and not heavily grazed. Good: > 75% ground cover and lightly or only occasionally grazed.
3  Poor: <50% ground cover. Fair: 50 to 75% ground cover. Good: >75% ground cover.
4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning. Fair: Woods are grazed but not burned, and some forest litter covers the soil. Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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B.  SIDE SLOPE = 4:1
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Midland Landfill

25-year, 24-hour Storm Event
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General Information

Storm Information:

Storm Type: NRCS Type II

Design Storm:  25 yr - 24 hr

Rainfall Depth: 3.900 inches
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Structure Networking:

Type
Stru
#

(flows
into)

Stru
#

Musk. K
(hrs)

 Musk. X Description

Null #1 ==> #8 0.000 0.000 CB #8-11

Null #2 ==> #8 0.000 0.000 CB #8-2

Null #3 ==> #8 0.000 0.000 CB #8-4

Null #4 ==> #8 0.000 0.000 CB #8-7

Null #5 ==> #8 0.000 0.000 CB #8-3

Null #6 ==> #8 0.000 0.000 MH #10-13

Null #7 ==> #8 0.000 0.000 CB #10-1

Null #8 ==> End 0.000 0.000 Node for software setup purposes

�
#7

Null

�
#6

Null

�
#5

Null

�
#4

Null

�
#3

Null

�
#2

Null

�
#1

Null

#8

Null
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Structure Summary:

Immediate
Contributing

Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#7 4.270 4.270 5.00 0.43

#6 11.720 11.720 12.79 1.17

#5 3.430 3.430 4.04 0.34

#4 2.300 2.300 3.15 0.23

#3 5.180 5.180 6.14 0.52

#2 2.430 2.430 2.90 0.24

#1 1.630 1.630 2.23 0.16

#8 0.000 30.960 35.06 3.10
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Structure Detail:

Structure #7 (Null)

     CB #10-1

Structure #6 (Null)

     MH #10-13

Structure #5 (Null)

     CB #8-3

Structure #4 (Null)

     CB #8-7

Structure #3 (Null)

     CB #8-4

Structure #2 (Null)

     CB #8-2

Structure #1 (Null)

     CB #8-11

Structure #8 (Null)

     Node for software setup purposes
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#7 1 2.660 0.201 0.000 0.000 69.000 TR55 3.06 0.266

2 1.610 0.069 0.179 0.334 69.000 TR55 2.21 0.161

ΣΣΣΣ 4.270 5.00 0.428

#6 1 2.020 0.136 0.000 0.000 69.000 TR55 2.41 0.202

2 0.990 0.079 0.106 0.338 69.000 TR55 1.36 0.099

3 2.880 0.077 0.030 0.395 69.000 TR55 3.94 0.289

4 4.100 0.223 0.000 0.000 69.000 TR55 4.50 0.411

5 1.730 0.108 0.196 0.318 69.000 TR55 2.37 0.173

ΣΣΣΣ 11.720 12.79 1.174

#5 1 3.430 0.174 0.000 0.000 69.000 TR55 4.04 0.344

ΣΣΣΣ 3.430 4.04 0.344

#4 1 2.300 0.100 0.000 0.000 69.000 TR55 3.15 0.230

ΣΣΣΣ 2.300 3.15 0.230

#3 1 3.240 0.125 0.000 0.000 69.000 TR55 3.87 0.325

2 1.940 0.050 0.000 0.000 69.000 TR55 2.66 0.194

ΣΣΣΣ 5.180 6.14 0.519

#2 1 2.430 0.129 0.000 0.000 69.000 TR55 2.90 0.243

ΣΣΣΣ 2.430 2.90 0.243

#1 1 1.630 0.090 0.000 0.000 69.000 TR55 2.23 0.163

ΣΣΣΣ 1.630 2.23 0.163

#8 ΣΣΣΣ 30.960 35.06 3.101

Subwatershed Time of Concentration Details:

Stru
#

SWS
#

Land Flow Condition Slope (%)
Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity
(fps)

Time (hrs)

#1 1 3. Short grass pasture 25.00 47.50 190.00 4.000 0.013

6. Grassed waterway 0.25 0.52 208.00 0.750 0.077

#1 1 Time of Concentration: 0.090

#2 1 3. Short grass pasture 25.00 26.75 107.00 4.000 0.007

3. Short grass pasture 4.00 14.92 373.00 1.600 0.064

6. Grassed waterway 0.50 1.12 225.00 1.060 0.058

#2 1 Time of Concentration: 0.129

Filename: Midland_25.sc4 Printed 04-26-2011

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 6

Attachment 6 (cont.)



Stru

#

SWS

#
Land Flow Condition Slope (%)

Vert. Dist.

(ft)

Horiz. Dist.

(ft)

Velocity

(fps)
Time (hrs)

#3 1 3. Short grass pasture 20.00 39.60 198.00 3.570 0.015

3. Short grass pasture 4.00 10.28 257.00 1.600 0.044

6. Grassed waterway 0.50 1.27 255.00 1.060 0.066

#3 1 Time of Concentration: 0.125

#3 2 3. Short grass pasture 25.00 26.75 107.00 4.000 0.007

6. Grassed waterway 0.50 0.82 165.00 1.060 0.043

#3 2 Time of Concentration: 0.050

#4 1 3. Short grass pasture 20.00 39.60 198.00 3.570 0.015

3. Short grass pasture 4.00 10.28 257.00 1.600 0.044

6. Grassed waterway 0.50 0.78 157.00 1.060 0.041

#4 1 Time of Concentration: 0.100

#5 1 3. Short grass pasture 25.00 49.50 198.00 4.000 0.013

6. Grassed waterway 0.50 3.07 615.00 1.060 0.161

#5 1 Time of Concentration: 0.174

#6 1 3. Short grass pasture 25.00 15.50 62.00 4.000 0.004

6. Grassed waterway 0.50 2.53 507.00 1.060 0.132

#6 1 Time of Concentration: 0.136

#6 2 3. Short grass pasture 4.00 11.52 288.00 1.600 0.050

7. Paved area and small upland
gullies

0.50 0.75 150.00 1.420 0.029

#6 2 Time of Concentration: 0.079

#6 3 3. Short grass pasture 4.00 11.08 277.00 1.600 0.048

7. Paved area and small upland
gullies

2.60 9.07 349.00 3.240 0.029

#6 3 Time of Concentration: 0.077

#6 4 3. Short grass pasture 25.00 49.50 198.00 4.000 0.013

6. Grassed waterway 0.50 4.00 802.00 1.060 0.210

#6 4 Time of Concentration: 0.223

#6 5 3. Short grass pasture 4.00 3.52 88.00 1.600 0.015

7. Paved area and small upland
gullies

0.50 2.04 408.00 1.420 0.079

7. Paved area and small upland
gullies

3.30 6.43 195.00 3.650 0.014

#6 5 Time of Concentration: 0.108

#7 1 3. Short grass pasture 25.00 47.50 190.00 4.000 0.013

6. Grassed waterway 0.25 1.27 510.00 0.750 0.188

#7 1 Time of Concentration: 0.201

#7 2 3. Short grass pasture 4.00 3.52 88.00 1.600 0.015

7. Paved area and small upland
gullies

2.70 8.04 298.00 3.300 0.025

7. Paved area and small upland
gullies

0.50 0.76 152.00 1.420 0.029

#7 2 Time of Concentration: 0.069
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Subwatershed Muskingum Routing Details:

Stru
#

SWS
#

Land Flow Condition Slope (%)
Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity
(fps)

Time (hrs)

#6 2
7. Paved area and small upland
gullies

25.00 37.00 148.00 10.060 0.004

6. Grassed waterway 0.50 1.95 391.00 1.060 0.102

#6 2 Muskingum K: 0.106

#6 3
7. Paved area and small upland
gullies

25.00 37.00 148.00 10.060 0.004

6. Grassed waterway 0.50 0.50 101.00 1.060 0.026

#6 3 Muskingum K: 0.030

#6 5
7. Paved area and small upland
gullies

25.00 49.50 198.00 10.060 0.005

6. Grassed waterway 0.50 3.65 730.00 1.060 0.191

#6 5 Muskingum K: 0.196

#7 2
7. Paved area and small upland
gullies

25.00 47.50 190.00 10.060 0.005

6. Grassed waterway 0.25 1.17 470.00 0.750 0.174

#7 2 Muskingum K: 0.179
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