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Appendix C and supporting calculations for design of the leachate collection and removal 
systems and the leak detection systems are provided in Appendix D. 
 
Liner Systems 
Utah Administrative Code R315-264-301(c)(1)(i)-(ii) 
 
Top Liner System.  The top liner system is designed as a composite system consisting of three 
components on the floor and 10 feet up the interior side slopes and two components the rest of 
the distance up the interior side slopes.  An 80-mil HDPE geomembrane provides the upper 
component which extends across the floor and up the interior slopes of the landfill cells.  The 
middle and bottom components on the floor and 10 feet up the interior side slopes consists of a 
geosynthetic clay liner (GCL) and a bottom 80-mil HDPE geomembrane.  The two components 
the rest of the distance up the interior side slopes consists of a single 80-mil HDPE 
geomembrane and a GCL.  The upper 80-mil HDPE geomembrane provides an impermeable 
barrier to prevent migration of hazardous constituents into the liner and provides a barrier on 
which the top leachate collection system is placed.  Clean Harbors is providing the added GCL 
and the lower 80-mil HDPE geomembrane components described above for extra protection 
(beyond regulatory requirements) against leachate migration through the liner system.  As 
presented earlier in this report, the geomembrane liner has material properties and strength 
sufficient to prevent failure from pressure gradients, physical contact with the liquids to which it 
will be exposed, climatic conditions, installation stresses, and stresses from daily operation.  
The foundation materials to the liner system provide support necessary to resist pressure 
gradients, and to prevent failure from settlement, compression, and uplift.  The liner system will 
also cover all earth materials likely to be in contact with the waste or leachate that will be placed 
in the landfill cell. 
 
Bottom Composite Liner System.  The bottom composite liner system consists of a 60-mil 
HDPE geomembrane placed directly over and in contact with a 3-foot thick compacted clay 
liner.  The geomembrane meets the same criteria in materials and strength as stated above for 
the top liner system.  The compacted clay liner is designed to meet a minimum permeability of 
1 x 10-7 cm/sec as required by federal and state regulations. 
 
The compacted clay liner will be processed and compacted generally using the same borrow 
source areas and methodologies that have historically been used at the site for clay liner 
construction.  The methodology used is provided in the construction quality assurance plan for 
the facility.  The geotechnical investigation report prepared by AGEC (provided in appendix B) 
includes recommended procedures for mining, processing, placement, compaction, and 
maintenance of the compacted clay liner.  
 
Leachate Collection and Removal System (LCRS) 
Utah Administrative Code R315-264-301(c)(2) & ((3)(iii)-(iv) 
 
The landfill cells are divided into four separate sump drainage areas and the floor of each sump 
drainage area consists of two planar surfaces that slope toward each other (in the east/west 
direction) at a 2.3% slope and parallel to each other (in the north/south direction) at a 2.3% 
slope.  Slopes of 2.3% were provided to leave a resulting slope greater than 1% after projected 
differential settlement occurs.  The two slopes form a resultant slope for the planar surfaces of 
3.25% (at an angle of 45 degrees from the 2.3% slopes) toward the sumps located at the low 
point of each sump drainage area.  A valley is formed at the line of intersection between the two 
planar surfaces that has a slope of 2.3% toward the sumps.  After settlement occurs, the 
resulting minimum slopes will be 1.7% toward the valley between the two planar surfaces, 1.4% 
parallel to and along the valley, and a resultant of 2.3%. 
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The leachate collection and removal system (LCRS) is located on the floor area of the cells 
above the top liner system and is provided with the slopes and configuration described in the 
previous paragraph.  The LCRS is designed as a double-sided geocomposite consisting of 8 oz. 
non-woven geotextile on both sides of the geonet.  A 4-inch diameter HDPE perforated pipe will 
also be placed along the valley within each sump drainage area to collect leachate that 
concentrates along the valley and convey the leachate to the sumps for removal. 
 
U.S. Environmental Protection Agency’s “Hydrologic Evaluation of Landfill Performance (HELP)” 
computer model was used to estimate the design leachate rate for the leachate collection 
system.  Input date for the HELP model and calculated results from the model are provided in 
Appendix D.   The following tables provide a summary of the results generated by the HELP 
model for the following four scenarios: 1) the cells with only protective soil cover and no waste; 
2) the cells with 10 feet of waste; 3) the cells with 30 feet of waste; and, 4) the cells with 48 feet 
of waste above the protective soil cover.  Sump drainage areas used to calculate leachate 
volumes are 154,869 square feet and 158,586 square feet for Landfill Cell 8 and for Landfill 
Cells 9-13, respectively.  Since calculated leachate volumes generated in Landfill Cells 9-13 are 
slightly higher than those generated in Landfill Cell 8, design of the leachate collection and 
removal system will be based on the leachate volumes for Landfill Cells 9-13. 
 

TABLE 2.1 - AVERAGE ANNUAL AND AVERAGE DAY LEACHATE RATES 
LANDFILL CELL 8 

 

Waste 
height 

Average Annual  
Leachate Rates 

Average Day  
Leachate Rates 

(ft) (in) (cf/sump) (gal/sump) (cf/sump) (gal/sump)

0 1.33143 17,179.8 128,505 47.1 352 

10 1.43115 18,466.5 138,129 50.6 378 

30 1.04327 13,461.6 100,693 36.9 276 

48 0.69773 9,003.0 67,342 24.7 184 
Average Day Leachate Rates are calculated from the Average Annual Leachate Rates 

 
 
 

TABLE 2.2 - AVERAGE ANNUAL AND AVERAGE DAY LEACHATE RATES 
LANDFILL CELLS 9-13 

 

Waste 
height 

Average Annual  
Leachate Rates 

Average Day  
Leachate Rates 

(ft) (in) (cf/sump) (gal/sump) (cf/sump) (gal/sump)

0 1.33143 17,595.5 131,614 48.2 361 

10 1.43115 18,913.4 141,472 51.8 388 

30 1.04327 13,787.3 103,129 37.8 283 

48 0.69773 9,220.9 68,972 25.3 189 
Average Day Leachate Rates are calculated from the Average Annual Leachate Rates 
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TABLE 2.3 - PEAK DAY LEACHATE RATES 
FOR LANDFILL CELL 8 

 

Waste 
height 

Peak Day 
Leachate Rates 

(ft) (in) (cf/sump) (gal/sump) 

0 0.13165 1,739.8 13,014 

10 0.01934 255.6 1,912 

30 0.01646 217.5 1,627 

48 0.01546 204.3 1,528 

 
 

TABLE 2.4 - PEAK DAY LEACHATE RATES 
FOR LANDFILL CELLS 9-13 

 

Waste 
height 

Peak Day 
Leachate Rates 

(ft) (in) (cf/sump) (gal/sump) 

0 0.13165 1,739.8 13,014 

10 0.01934 255.6 1,912 

30 0.01646 217.5 1,627 

48 0.01546 204.3 1,528 

 
 
A peak day flowrate of 2.87 ft3/ft-day was calculated using the highest peak day leachate rate 
(0.13165 inch/day), the longest flow path within the geocomposite (262 feet), and a flow width of 
1-foot within the geocomposite.   Applying a safety factor of 4.5 to the peak day flowrate 
(accounting for creep deformation of the geonet, biological clogging, and chemical clogging) 
results in a design leachate flow rate of 12.915 ft3/ft-day.  The geocomposite should have a 
minimum transmissivity of 6.0x10-4 m2/sec to provide sufficient capacity to convey the design 
leachate flowrate within the leachate collection system to the leachate collection pipe and to the 
sumps.  The conditions under which the geocomposite must meet the minimum transmissivity 
include a minimum normal loading of 6,400 lbs/ft2, a gradient of 3.25%, a layer of soil for the 
upper boundary, and HDPE geomembrane for the lower boundary.  Double sided geocomposite 
tests results showing a minimum transmissivity of 6.0x10-4 m2/sec under more conservative 
testing conditions is acceptable.   
 
The total drainage area contributing leachate flow to the 4-inch diameter HDPE perforated 
leachate collection pipe is 89,110 ft2.  Multiplying the peak day leachate rate (0.13165 inch/day) 
by the drainage area results in a flow rate of 5.1 gpm through each leachate collection pipe.  A 
design flowrate of 23 gpm for the leachate collection pipe results when a safety factor of 4.5 is 
applied to the leachate flow rate.  A slope of 0.12% (much less than the anticipated slope of 
1.4% after differential settlement occurs) is required for a 4-inch diameter HDPE pipe to convey 
23 gpm to the sumps assuming the pipe flows at 80% capacity to maintain gravity flow.  
Therefore, the leachate collection pipes have sufficient capacity to convey the peak day 
leachate rate to the sumps. 
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Leachate collected within the sumps will be removed using leachate pumps that will be installed in 
the sumps through leachate withdrawal pipes that extend from the sumps to the top of the 
embankment slopes directly above the sumps.  The leachate collection sumps have a capacity of 
about 1,280 gallons at 1 foot of leachate depth above the lowest point in the sumps, 3,650 gallons 
prior to the leachate backing up onto the floor area outside the sumps (at the lowest point around the 
top perimeter of the sumps), and 4,380 gallons at full sump capacity (the total capacity in pore 
spaces of the rock and leachate withdrawal pipe within the leachate collection sumps at the highest 
elevation around the top perimeter of the sumps), and a total leachate storage capacity within the 
leachate collection sumps, the leachate withdrawal pipe, the geocomposite (leachate collection 
system), and the overlying protective soil cover (to 1-foot of depth above the lowest point around the 
top perimeter of the sumps) of about 8,190 gallons. 
 
The average frequency that leachate may be pumped from the sumps depends on the rate at which 
leachate enters the sumps and the depth to which leachate is allowed to pond within the sumps to 
accommodate pumping operations.  Based on average daily leachate rates projected using the 
HELP model (189 to 388 gallons per sump), the estimated pumping frequency will be between 3 and 
7 days assuming a limiting leachate depth of 1 foot above the lowest point in the sumps.  The 
estimated pumping frequency will increase to 10 to 19 days if the leachate depth in the sumps is 
allowed to reach the lowest point around the perimeter of the sumps (prior to backing up into the 
leachate collection system outside the sumps).  There may, however, be precipitation events when 
waste placement within a cell is beginning and much of the protective soil cover on the floor area is 
still exposed.  Assuming no waste, or very little waste, the peak day leachate rate obtained from the 
HELP model over the drainage area contributing to each sump is 12,706 gallons, which exceeds the 
total leachate storage capacity.  Should a peak day condition occur, pumping will be required until 
leachate generated within the sumps slows to allow less frequent pumping to occur.  When the 
waste level within the cells is about 10 feet the peak day leachate rate is only expected to be about 
1,912 gallons and gradually gets lower as the waste level within the cells gets higher.  Also, during 
dry periods of little to no precipitation, the leachate generation rate will be very low and the pumping 
frequency may be less than projected by the HELP model.  The above information is intended to 
provide an estimate of conditions that may be experienced and provide a baseline frequency for 
leachate removal.  The actual pumping frequency will be determined operationally based on 
recorded volumes as leachate is removed from the sumps. 
 
As presented earlier in this report, the geocomposite has material properties chemically resistant to 
the waste materials and leachate expected to be present in the landfill cells, and strength sufficient 
to prevent collapse under the pressures exerted by overlying waste and cover materials.  The safety 
factor of 4.5 applied to the design provides for creep deformation and the potential for biological and 
chemical clogging. 
 
Leak Detection System (Bottom Leachate Collection and Removal System) 
Utah Administrative Code R315-264-301(c)(3)(i)-(v) 

 
The leak detection system must be capable of detecting, collecting, and removing leaks of 
hazardous constituents at the earliest practicable time through all areas of the top liner system likely 
to be exposed to waste or leachate during the active life and post-closure care period.  The HELP 
model was used to determine potential leakage rates based on a good quality installation of the 
geomembrane materials with 1 defect per acre and 1 pinhole per acre.  The following tables provide 
the estimated leakage rates for Landfill Cells 8-13 based on the HELP model assumptions.  The 
sump drainage areas of Landfill Cells 9-13 are slightly larger than the sump drainage areas for 
Landfill Cell 8 resulting in higher leakage volume estimates.  Therefore, leakage volume estimates 
for Landfill Cells 9-13 were also conservatively used for Landfill Cell 8.  HELP model parameters and 
results and supporting calculations for the leak detection system are included in Appendix D. 
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TABLE 2.5 – AVERAGE ANNUAL LEAKAGE RATES FOR LANDFILL CELL 8 
 

Waste 
height 

Average Annual  
Leakage Rates 

Average Day  
Leakage Rates 

(ft) (in) (cf/sump) (gal/sump) (cf/sump) (gal/sump) 

0 0.44601 5,755.0 43,047 15.8 118 

10 0.46899 6,051.5 45,265 16.6 124 

30 0.35085 4,527.1 33,863 12.4 93 

48 0.24477 3,158.3 23,624 8.7 65 

  
 
 

TABLE 2.6 - AVERAGE ANNUAL LEAKAGE RATES FOR LANDFILL CELLS 9-13 
 

Waste 
height 

Average Annual  
Leakage Rates 

Average Day  
Leakage Rates 

(ft) (in) (cf/sump) (gal/sump) (cf/sump) (gal/sump) 

0 0.44601 5,894.2 44,089 16.1 121 

10 0.46899 6,197.9 46,361 17.0 127 

30 0.35085 4,636.7 34,682 12.7 95 

48 0.24477 3,234.8 24,196 8.9 66 

 
 

TABLE 2.7 – PEAK DAY LEAKAGE RATES 
FOR LANDFILL CELL 8 

 

Waste 
height 

Peak Day 
Leachate Rates 

(ft) (in) (cf/sump) (gal/sump) 

0 0.13165 1,698.7 12,706 

10 0.01934 249.5 1,867 

30 0.01646 212.4 1,589 

48 0.01546 199.5 1,492 

 
 

TABLE 2.8 – PEAK DAY LEAKAGE RATES  
FOR LANDFILL CELLS 9-13 

 

Waste 
height 

Peak Day 
Leachate Rates 

(ft) (in) (cf/sump) (gal/sump) 

0 0.13165 1,739.8 13,014 

10 0.01934 255.6 1,912 

30 0.01646 217.5 1,627 

48 0.01546 204.3 1,528 
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Each of the landfill cells are divided into four sections or sump drainage areas with sumps 
located at the low points of the floor in each of the four sections.  The leak detection system is 
located between the geomembrane components of the bottom and top liner systems throughout 
the entire lined area of the landfill cells.  Leachate that leaks through the top liner system enters 
the leak detection system and is conveyed within the leak detection system to the sumps where 
the leachate is collected for leak detection and removal. 
 
The floor within each sump drainage area is divided into two planar sections that are designed 
at slopes of 2.3% toward each other to form a valley along their line of intersection.  The valley 
and the two planar sections of the floor also slope at a 2.3% slope toward the sumps.  The 
resultant design slope of each of the planar floor sections is 3.25% which is at a 45 degree 
angle in the general direction toward the sumps.  After projected differential settlement occurs, 
the minimum slope of the planar slopes directly toward (or perpendicular to) the valley formed 
by the intersection of the floor sections is about 1.7%.  The minimum slope of the valley and the 
planar floor sections parallel to the valley after projected differential settlement is about 1.4% 
and the minimum resultant slope after projected differential settlement is about 2.3%. 
 
The leak detection system consisting of a geocomposite, with a minimum transmissivity of 
2.7 x 10-4 m2/sec, will be installed between the top and bottom liner systems.   This exceeds the 
minimum transmissivity requirements (3 x 10-5 m2/sec) for geonets/geocomposites in the federal 
and state regulations.   
 
As presented earlier in this report, the geocomposite has material properties chemically 
resistant to the waste materials and leachate expected to be present in the landfill cells, and 
strength sufficient to prevent collapse under the pressures exerted by overlying waste and cover 
materials.  The amount of flow within the leak detection system is expected to follow flow paths 
that are downgradient from leaks that may be present in the top liner system.  Should any 
clogging occur, flow paths will naturally widen to allow flow to the sump for quick detection of 
leaks and removal of leachate that enters the sumps.  
 
The leak detection sump will consist of ¾-inch rounded washed rock which is assumed to have 
a porosity of 32%.  The total sump capacity within the pore spaces of the rock is estimated to be 
2,318 gallons.  The pump for the leak detection system should have a minimum capacity of 
7.5 gallons per minute.  Assuming 4 hours of operation per day, the pump will have the capacity 
to remove 1,800 gallons of leachate per day (slightly higher than the maximum ALR) in the four 
hours of operation.  Therefore the leak detection sump will have sufficient capacity within the 
void spaces of the rock and the pump will have sufficient capacity for collection and removal of 
leachate minimal potential for liquids backing up into the drainage system.  
 
Leak Detection System Operation 
Utah Administrative Code R315-264-301(c)(4) & (5) 
 
Attachment II-3 of the Grassy Mountain Facility Permit requires inspections to occur at a 
minimum every 7 days for the presence of leachate in and for the proper functioning of the leak 
detection system.  The inspection schedule provided should result in proper collection and 
removal of leachate within the leak detection system to maintain a leachate depth of less than 
one foot on the bottom liner system and to minimize the potential for liquids backing up into the 
drainage system.  If leakage rates are sufficient to require more frequent inspection and removal 
of leachate from the leak detection system, the inspection schedule should be adjusted 
accordingly. 
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Should ground water elevations rise sufficiently to make contact with the bottom liner system, 
contact will most likely be limited to the lower portion of the bottom sumps since the floor area 
outside the sumps is above the existing ground surface elevation which is above the historic 
ground water elevation.  If ground groundwater rises high enough to enter the leak detection 
system, it will need to flow through the compacted clay liner and must be exposed to a hole in 
the bottom geomembrane.  Since groundwater will flow very slowly through the compacted clay 
liner and a very small area of the bottom geomembrane will be exposed to groundwater, effects 
of groundwater on the leak detection system will be negligible.  

ALTERNATIVE DESIGNS, WAIVERS, AND EXEMPTIONS 
Utah Administrative Code R315-264-301(d)-(f) 
 
No alternative designs, waivers, or exemptions are requested regarding the design standards 
for the landfill cells.  

RUN-ON CONTROL SYSTEM 
Utah Administrative Code R315-264-301(g) 
 
The landfill cells are constructed with raised embankments designed to be approximately 
25 feet or more above the existing ground surface.  The raise embankments will prevent storm 
water flows from surrounding areas from entering the active area the landfill cells. 
 
Closures of adjacent landfill cells are designed to collect and convey storm water off the top 
areas of the closure caps and to bottom outside toe of the cell embankments.  Raised 
embankments of active landfill cells will prevent storm water from entering active areas of those 
cells once storm water from adjacent closure caps is conveyed to the bottom outside toe of the 
cell embankments. 
 
Erosion Protection 
 
Erosion protection of embankments and closure caps outside the active areas of the landfill 
cells is a part of run-on control and for long term protection of the embankments and closure 
caps.  On-site observations show that erosion of the exterior embankment slopes and closure 
caps of the existing landfill cells at the Grassy Mountain Facility has generally been effectively 
controlled by the placement of a gravel layer (stone mulch or gravel armor plating) on the 
embankment slopes and closure cap surfaces.  All outside slopes and top surfaces of the raised 
embankments and all surfaces of the closure caps are designed to receive a six-inch thick layer 
of stone mulch. 
 
Use of the stone mulch material is in keeping with procedures for controlling erosion on steep 
side slopes of embankments or cuts as proposed by the Federal Highway Administration in the 
National Cooperative Highway Research Project NCHRP Report 221 "Erosion Control During 
Highway Construction Manual on Principles and Practices," (Israelsen, et. al., 1980).  The 
principles presented in this manual were developed for the Transportation Research Board by 
personnel of the Utah Water Research Laboratory, College of Engineering, Utah State 
University in Logan, Utah.  These same principles, but specific to Utah, were published by the 
Utah Water Research Laboratory in a report entitled, "Erosion and Sedimentation in Utah: A 
guide for Control," (Israelsen, et. al., 1984). 
 
The above referenced documents identify a procedure for designing a "stone mulch" to provide 
erosion control on steep embankment slopes.  The stone mulch (gravel armor plating) material 
used historically at the facility and proposed for use on Landfill Cells 8-13 meets the criteria for 
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order, and each cell is closed and allowed to settle 
completely prior to new cell construction.
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cell.  This assumes the cells are constructed in numerical 
order, and each cell is closed and allowed to settle 
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*Total Settlement after Start of Construction refers to final 
settlement minus settlement prior to construction of each 
cell.  This assumes the cells are constructed in numerical 
order, and each cell is closed and allowed to settle 
completely prior to new cell construction.
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*Total Settlement after Start of Construction 
refers to final settlement minus settlement 
prior to construction of each cell.  This 
assumes the cells are constructed in numerical 
order, and each cell is closed and allowed to 
settle completely prior to new cell 
construction.
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precipitation from the 100-year, 24-hour precipitation event.  A discussion regarding 
containment of precipitation inside the landfill cells is provided in Chapter 2 under the section 
titled “Run-off Management System.” 
 
Run-On Management System 
 
The run-on management system is designed to collect, convey, and contain storm water runoff 
from landfill cell closure caps and embankments in a way that will protect the integrity of the 
landfill cells.  This is accomplished by sloped surfaces, berms, pipes, open channels, and ponds 
as presented in the permit drawings provided in Appendix A.  Supporting calculations are 
provided in Appendix F. 
 
Methodology.  Delineation of the sub-basins for Landfill Cells 8 through 13, shown in the figure 
included in Appendix F, was based on the landfill cell design discussed in Chapter 2.  Each 
sub-basin is designed to drain runoff water directly off of closure caps and cell embankments or 
to direct flows to downspout and storm water pipes that convey runoff off the closure caps and 
cell embankments.  Additional storm water facilities will then collect storm water discharged 
from the cells and convey the storm water to containment areas in the facility. 
 
Curve numbers are generally determined based on the hydrologic soil type, soil vegetative 
cover, and other surface conditions.  The hydrologic soil type is a general indication of the soil’s 
infiltration capacity.  Soils are assigned a hydrologic soil type of A, B, C or D by the Natural 
Resource Conservation Service (NRCS).  Soils of hydrologic soil type A have the highest 
infiltration rate, and therefore produce the least amount of runoff.  Soils of hydrologic soil type D 
have the lowest infiltration rate, and therefore produce the highest amount of runoff.  Cover 
conditions are usually combined with the hydrologic soil type to produce a curve number based 
on Table 2-2d of Technical Release 55 “Urban Hydrology of Small Watersheds” (TR-55).  In 
order to remain consistent with previous hydrologic calculations for design and permitting of 
previous cells, a curve number of 83 was selected for the model. 
 
The lag times (TL), defined as the time to the hydrograph peak, were calculated by using the 
time of concerntration (TC) and the equation TL = 0.6TC.  The time of concentration was 
calculated using the criteria found in Worksheet 3 in TR-55 with a minimum lag time of 3.6 
minutes being applied to sub-basins where the calculated value was less than 3.6 minutes.  Lag 
times for the delineated sub-basins are provided in Appendix F. 
 
The SCS Type II Distribution was used with the 100-year 24-hour storm, exceeding the 
requirement of R315-264-251(g).  The rainfall amount was taken from the Point Precipitation 
Frequency Estimates from NOAA Atlas 14, based on a location defined at the center of the 
study area.  The value of the 100-year 24-year precipitation event is 1.85 inches. 
 
Peak Design Flows.  The hydrologic parameters presented above were used in the HEC-HMS 
model to generate peak design flows for each of the subbasins defined for the cells and their 
closures and for the downspout and other storm drainage piping located at along the landfill cell 
embankments. 

HYDRAULICS 
 
The peak flow rates based on the hydrologic modelling discussed above provided the basis for 
the design of the drainage conveyances.  Hydraulic capacity for channels and pipes was 
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determined using Manning’s equation.  Should channel or pipe capacities be exceeded and 
cause temporary flooding of roads and other facility areas in extreme precipitation events, the 
raised embankments of the landfill cells will prevent the run-on storm water from entering the 
active waste disposal areas.  Water from extreme events then is limited to be nuisance water for 
facility operations. 
 
Storm Drainage Channels 
 
An existing channel along the north sides of Landfill Cells 8, 10, and 12 currently receives storm 
water runoff from portions of Cells 3, 4, 5, and 6 and conveys the water to the pond located east 
of Landfill Cell 12.  An existing 24-inch diameter storm drainage pipe is currently provided to 
convey the peak design flow (16 cfs) from the channel to the containment pond. 
 
The projected peak flow (29 cfs) from the northeast quarter of Cell 7 and from the north sides of 
Cells 8, 10, and 12 (resulting from the HEC-HMS model) will combine with the current peak flow 
(16 cfs) and will convey the storm water through the channel to the east containment pond.  
Pipes conveying runoff from the Cells 8, 10, and 12 will discharge into the channel through 
energy dissipation outlet structures.  The channel is formed by the outside embankment slopes 
of Landfill Cells 4, 5, and 6 on the north side and the access road to Landfill Cells 8, 10, and 12 
on the south side.  The channel has a bottom slope of 0.1 percent and will behave much like a 
series of retention ponds behind each monitoring well mound that extends to the north from the 
access road.  At a flow depth of 2 feet, storm water will flow past the monitoring well mounds at 
about 3 fps and will flow in the wider portions of the channel at less than 1 fps.   
 
Replacing the existing 24-inch diameter storm drainage pipe with three 24-inch diameter pipes 
will provide the added capacity to convey the peak flow of 45 cfs from the channel into the 
containment pond with a head water depth of about 2.3 feet.  The pipes should be installed at 
the time the closure cap for Landfill Cell 8, 10, or 12 is constructed and the invert of the pipes 
should be installed a minimum of 3 feet below the road surface, or nearby monitoring well pads.  
The depth may also be provided by constructing the access road and setting other facilities to a 
height that is 3 feet above the bottom of the channel at the pipe inlet, by installing a concrete 
inlet box that allows the channel bottom to drop suddenly to the invert of the pipes, or by 
providing a slope in the channel near the inlet to the pipes and providing concrete, rip rap, or 
some other form of erosion protection for the steeper slope.   
 
A proposed channel on the east side of Cells 12 and 13 will convey runoff from parts of Cells 
10, 11, 12, and 13 to a containment pond south of Cell 13. Pipes conveying runoff from the top 
of the landfill cells and their closure caps will discharge into the channel through energy 
dissipation outlet structures.  The channel is 13 feet wide and has a projected peak flow of 
29 cfs.  The first reach of the channel is designed with a slope of 0.1% bottom slope resulting in 
a calculated flow depth of 1 foot and flow velocity is 1.7 fps which is a non-eroding velocity.  The 
second reach of the channel is the pond inlet and is designed with a bottom slope of 2.6%.  The 
calculated velocity is 5.1 fps (an eroding velocity) and 6 inches of rock erosion protection 
(D50 = 3 inches) is needed. 
 
There are two inlet channels to the proposed pond west of Landfill Cell 9 that convey storm 
water from the storm drainage downspout pipes on the west side of Cell 9 to the pond.  The 
north inlet channel has a bottom width of 10 feet, a bottom slope of 2.1%, and a projected peak 
flow rate of 25 cfs.  The calculated flow depth is 0.4 foot resulting in an erosive velocity of 4.8 
fps requiring 6 inches of rock erosion protection (D50 = 3 inches).   The south inlet channel has a 
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bottom width of 10 feet, a bottom slope of 1.5%, and a projected peak flow rate of 5 cfs.  The 
calculated flow depth is 0.2 foot resulting in a non-erosive velocity of 2.4 fps requiring no erosion 
protection. 
 
Storm Drainage Pipes 
 
Hydrologic calculations for runoff described above were used to determine the design flows for 
the downspouts pipes to convey storm water off the closure caps and off the top of the common 
cell embankments.  The downspout pipes are designed with a diameter of 18 inches to convey 
to peak storm water flow of 2.4 cfs off the closure caps, to provide ease of cleaning, and to 
reduce the potential of plugging.  The steep slope of the downspout pipes provides for inlet 
control conditions and a head water depth of 0.65 foot for the 2.4 cfs to enter the downspouts.  
The height of the berms at the corners of the closure caps is approximately 2.5 feet above the 
downspout inverts resulting in about 1.8 feet of freeboard. 
 
Embankments between the closure caps are designed to be graded at a 1% slope toward 
manholes with grated inlets.  Storm water will enter the manholes through the grated inlets and 
will then be conveyed through 18-inch diameter and 24-inch diameter drainage pipes to the 
bottom of the outside embankments of the cells.  The storm drainage pipes along the top of the 
east/west common embankments are designed at a slope of 0.5% and have sufficient capacity 
to receive and convey the combined projected peak flows from the closure caps and tops of the 
common cell embankments to the bottom of the east and west bottom toes of the cell 
embankments.  Storm water will discharge from the pipes through energy dissipation structures 
to storm drainage channels or graded surfaces that will convey the storm water to containment 
ponds and containment areas within the berm system surrounding the facility. 
 
As presented earlier with the north storm drainage channel, three 24-inch diameter culverts will 
be installed under the access road to convey storm water from the north drainage channel to the 
east containment pond.  The culverts have the capacity to convey the projected peak flow of 45 
cfs to the pond with 2.3 feet of head water depth.  The inlet to the culverts will be installed at a 
depth that is at least 3 feet below the surface of the access road and the nearest monitoring well 
pad.  This will provide a minimum 0.7 foot of freeboard to the road surface and monitoring well 
pads. 

RUNOFF VOLUME AND STORM WATER CONTAINMENT 
 
Runoff volumes were determined through the hydrology methods described above.  Runoff from 
the 100-year 24-hour precipitation event will be wholly contained in three containment ponds 
located on the site.  Supporting calculations are provided in Appendix F. 
 
The east containment pond currently is located south of Cell B6 and will be east of Cell 12 and 
has a current capacity of 9.0 acre feet for containment of storm water from portions of Cells 3, 4, 
5, and B6, from Cells X, Y, and Z, and from facility areas and roads around those cells..  The 
east containment pond will be expanded to accommodate additional an additional 1.74 acre feet 
(a total minimum capacity of 10.74 acre feet) for storm water that will be received from the north 
half of Cells 8, 10, and 12, and the northeast quarter of Cell 7 as seen in appendix F.  
Expanding the existing pond an additional 208.5 feet will provide the capacity needed. 
 
The west containment pond will be located west of Cell 9 and south of Cell 7.  The containment 
pond will receive storm water from portions of Cells 7, 8, 9, 10, and 11, the proposed Surface 
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Impoundment B embankments and some of the surrounding areas.  The west containment pond 
will be provided with a minimum capacity of 3.0 acre feet.  A pond that has equivalent floor 
dimensions of 130 feet x 295 feet and a depth of 4 feet will provide the required capacity.  This 
will provide a water depth of 3 feet and allow for 1 foot of freeboard. 
 
The south containment pond will be located south of Cell 13 and will receive storm water from 
portions of Cells 10, 11, 12, and 13 and some of the surrounding area.  The south containment 
pond will be provided with a minimum capacity of 3.37 acre feet.  A pond that has equivalent 
dimension of 212 feet x 212 feet and a depth of 4 feet will provide the required capacity.  This 
will provide a water depth of 3 feet and allow for 1 foot of freeboard. 
 
The complete area to the west, south, and east of the proposed landfill cells is also within the 
berm system for the former land treatment area that has been cleaned and closed.  The south 
and west ponds are also within the berm system.  Therefore, the south and west ponds have an 
added containment system and any storm water from areas within the berm system will 
naturally be contained on the facility.  The facility will provide drainage and containment areas 
as needed to control nuisance water and to facilitate facility operations. 
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Storm Water Management 
Calculations 



  
 

CLIENT: Clean Harbors  SHEET  1 OF 5 
PROJECT: Grassy Mountain Facility Cells 8-13 COMPUTED: JGH/KCS 
FEATURE: Hydrology Runoff - Drainage CHECKED: GLJ 
PROJECT NO.: 064.85.100 DATE:  Oct 2017 

   
 
Purpose:   To design the storm drainage facilities to convey runoff from the 

closure cap and cell embankments. 
 
Method:  The SCS curve number method was used in a HEC-HMS hydrology 

model. 
 
Required:  In order to calculate the runoff, the following steps and information 

are required: 
    

 A delineation of the tributary area. 
 A representative Soil Conservation Service (SCS) curve number 

(CN) for the tributary area. 
 Lag time. 
 Storm Distribution. 
 100-year 24-hour precipitation depth. 

 
Delineation:  The delineation of the subbasins, shown in Figure 1, was based on the 

landfill cell closure cap design.  Each basin would drain into a 
channel which would convey the runoff to an inlet that conveys the 
water to an open ditch or an additional storm drain network (Shown 
on Figure 2). 

 
Curve Numbers: In order to match the design for surrounding cells, a curve number of 

83 was selected for the model. The cell cap will be a gravel cover 
over a silty sand layer over an impervious liner. 

 
Precipitation:  A 100-year 24-hour event was conservatively used for the design 

storm.  The rainfall amount was taken from the “Point Precipitation 
Frequency Estimates from NOAA Atlas 14.  The value for a 100-year 
24-hour event was 1.85 inches. 

 
Storm Distribution: The distribution used for the 24-hour event was the SCS Type II. 
 
Lag Time:  Lag time (TL) for each subbasin was calculated by using the time of 

concentration (TC) and the equation TL = 0.6TC. TC was calculated 
using Worksheet 3 in TR-55. A minimum lag time of 3.6 minutes was 
used in the HEC-HMS model (as recommended in TR-55) since 
calculated lag times are less than 3.6 minutes. 

 
Results:  Results are summarized in Table 1 below.  Runoff results can also be 

seen on Figure 1.  The expected flows for each pipe, along with the 
design slope and recommended pipe diameter can be seen on 
Figure 3.  The minimum pipe size is 18 inches in diameter, and the 
maximum proposed pipe size is 24 inches in diameter.   The total 
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volume of runoff for each tributary area can be seen on Figure 4.  In 
general, peak flows are about  0.95 cfs/acre and runoff volume is 
about 0.05 ac-ft/acre. 

 
North Channel: The peak design flow of the existing channel along the south side of 

Landfill Cells 4, 5, and 6 (located north of the access road for the 
proposed Landfill Cells 8, 10, and 12) is 16 cfs.  This is a result of runoff 
from portions of Landfill Cells 3 through 6.  Runoff from the north half 
of Landfill Cells 8, 10, and 12 and from the northeast quarter of 
Landfill Cell 7 will add an additional 29 cfs to the peak flow for a total 
peak design flow within the channel of 45 cfs at the pipes entering 
the containment pond east of Cell 12.  The flow in the channel 
increases as each downspout pipe and the embankment side slopes 
contribute flow to the channel.  

 
   The channel has a slope of about 0.1% which is flat and acts similar 

to several retention ponds that buffer the flow to the containment 
pond.  The retention ponds created by the channel are created by 
the mounds that extend from the access road to the monitoring wells 
along the road.  The bottom width of the channel between the 
monitoring well mounds and the toe of the embankment slopes for 
Landfill Cells 4, 5, and 6 is about 5 feet or more. 

 
   Using Manning’s equation for a bottom width of 5 feet, a 2.5H:1V 

slopes on one side, a 3H:1V slopes on the other side, and a hydraulic 
slope of 0.2% through the channel at the monitoring wells (a little 
steeper than the channel slope, but still very flat) results in a flow 
depth of 1.7 feet and a velocity of 2.8 fps.  The channel bottom 
width upstream and downstream of the monitoring wells is about 22 
feet and will result in a flow depth of about 1.0 foot and a velocity of 
about 1.8 fps using the bottom slope of 0.01%.  Therefore, the flow 
depth around the monitoring wells is less than 2 feet and the depth 
will decrease in the upstream direction from the monitoring wells.  
The velocities are non-erosive. 

 
   Install 3 pipes, 24 inches in diameter, to convey the peak flow from 

the channel into the containment pond to the east.  Each pipe, with 
inlet control, will convey 15 cfs at a headwater depth of 2.3 feet.  
Therefore, slope the bottom of the channel or install a concrete inlet 
that drops the inlet of the pipes to 3 feet below the road or the 
closest monitoring well to avoid flooding of the road or monitoring 
well. 

 
East Channel: The channel east of Landfill Cells 12 and 13 has a project peak flow 

rate of about 29 cfs, a bottom width of about 13 feet, and a bottom 
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slope of 0.1%.  Assuming a hydraulic grade line equal to the bottom 
slope of the channel  results in a flow depth of 1 foot and a velocity 
of 1.7 fps.  The velocity is non-erosive so no erosion protection is 
required.  The berm along the east side of the channel should be 2 
feet above the bottom of the channel to maintain 1 foot of 
freeboard under peak flow conditions.  The steep portion of the 
channel entering the containment pond has a slope of 2.6% resulting 
in a calculated flow depth of 0.4 foot and a velocity of 5.1 fps 
requiring 6 inches of rock (D50 = 3 inches) for erosion protection. 

 
West Channels: The west channels consist of inlets to the west pond.  The north inlet 

will have flow of about 25 cfs, a slope of about 2.1%, and a bottom 
width of about 10 feet.  The calculated flow depth is 0.4 foot with a 
velocity of 4.8 fps requiring 6 inches of rock (D50 = 3 inches) for  
erosion protection.  The south inlet will have flow of about 5.0 cfs, a 
slope of about 1.5%, and a bottom width of about 10 feet.  The 
calculated flow depth is 0.2 foot with a velocity of 2.4 fps which is a 
non-erosive velocity requiring no erosion protection 

 
East Pond:  The current capacity of the east containment pond is designed with 

a capacity of 9.0 acre-feet.  This is to contain runoff volume from 
portions of Landfill Cells 3-5, Landfill Cell 6, Landfill Cells X, Y, and Z, 
and portions of the operations area and roads around the cells 
listed.  The added area contributing storm water to the containment 
pond east of Cell 12 includes the north half of cells 8, 10, and 12, and 
the northeast quarter of Cell 7 which is about 34.7 acres.  The pond 
needs to be enlarged an additional 1.74 acre feet for a total of 10.74 
acre feet.  The pond should be enlarged at the time any of the 
proposed cells (Cells 8-13) is closed.  The bottom width of the pond is 
196 feet.  Assuming 3H:1V slopes, a bottom elevation of 4231.5, a 
water surface elevation of 4237, and a bottom length of 384 (using 
the short side of the pond), the pond will provide more than 10.74 
acre feet of capacity. 

 
South Pond:  There is an existing containment pond located southeast of the 

existing Landfill Cell 7.  That containment pond will provide sufficient 
capacity to contain storm water from the area after construction of 
Landfill Cell 8.  However, at the time Cell 9 or Cell 10 are constructed, 
the area of containment will expand beyond the berm system for the 
current pond and the pond south of Cell 13 will need to be 
constructed.  This pond will receive runoff from portions or Cells 9, 10, 
11, 12, and 13.  The potential drainage area to the pond south of 
Cell 13 is 67.4 acres and will need to have a capacity of 3.37 acre 
feet.  Assuming the water depth in the pond to be 3 feet, 3H:1V side 
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slopes,  and a bottom area 212’ x 212’ will provide a capacity of 
more than 3.37 acre-feet. 

 
West Pond:  A new pond proposed to be constructed between the proposed 

Surface Impoundment B and the proposed Landfill Cell 9.  This pond 
will receive runoff from portions of Landfill Cell 7, 8, 9, 10, and 11, from 
the top and outside slopes of proposed Surface Impoundment B, 
and area south of Cell 7 and west of Cell 9 (60.0 acres).  The pond 
will need to provide 3.0 acre feet of storm water capacity.  Assuming 
the water depth in the pond to be 3 feet, 3H:1V side slopes,  and a 
bottom area 130’ x 295’ will provide a capacity of more than 3.0 
acre-feet. 

  



  
 

CLIENT: Clean Harbors  SHEET  5 OF 5 
PROJECT: Grassy Mountain Facility Cells 8-13 COMPUTED: JGH/KCS 
FEATURE: Hydrology Runoff - Drainage CHECKED: GLJ 
PROJECT NO.: 064.85.100 DATE:  Oct 2017 

   
 

TABLE 1 
MODELED RUNOFF RESULTS 

Subbasin Area (ac) Peak Runoff (cfs) Runoff Volume (ac-ft) 
8NW 2.5536 2.4 0.126 
8NE 2.5536 2.4 0.126 
8SE 2.5536 2.4 0.126 
8SW 2.5536 2.4 0.126 
9NW 2.5536 2.4 0.126 
9NE 2.5536 2.4 0.126 
9SE 2.5536 2.4 0.126 
9SW 2.5536 2.4 0.126 

10NW 2.5536 2.4 0.126 
10NE 2.5536 2.4 0.126 
10SE 2.5536 2.4 0.126 
10SW 2.5536 2.4 0.126 
11NW 2.5536 2.4 0.126 
11NE 2.5536 2.4 0.126 
11SE 2.5536 2.4 0.126 
11SW 2.5536 2.4 0.126 
12NW 2.5536 2.4 0.126 
12NE 2.5536 2.4 0.126 
12SE 2.5536 2.4 0.126 
12SW 2.5536 2.4 0.126 
13NW 2.5536 2.4 0.126 
13NE 2.5536 2.4 0.126 
13SE 2.5536 2.4 0.126 
13SW 2.5536 2.4 0.126 

891011M 3.4944 3.3 0.172 
10111213M 3.4944 3.3 0.172 

810M 1.7344 1.6 0.085 
1012M 1.7344 1.6 0.085 
1113M 1.7344 1.6 0.085 
911M 1.7344 1.6 0.085 

1213ME 1.0816 1 0.053 
1213MW 1.0816 1 0.053 
1011ME 1.0816 1 0.053 
1011MW 1.0816 1 0.053 

89ME 1.0816 1 0.053 
89MW 1.0816 1 0.053 
8CN 1.8496 1.8 0.091 
8CS 2.0352 1.9 0.100 
12C 0.2048 0.2 0.010 

1213C 0.4672 0.4 0.023 
9CW 3.0656 2.9 0.151 
North 11.008 9.3 0.541 
East 5.8944 5.1 0.290 
7NW 6.7264 6.4 0.331 
7SW 6.688 6.4 0.329 
7NE 2.5536 2.4 0.126 
7SE 2.5536 2.4 0.126 
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Clean Harbors Cells 8 and 9
Lag Time Calculations
Computed: JGH
9/19/2017

Sheet flow

Subbasin Name
Manning 

N

Flow 
Length 

(ft)

Design 
rainfall (in)

High Elevation
Low 

Elevation
Slope (ft/ft) Tt (hr)

Quadrants 0.015 300 0.9 4306.0 4290.9 0.05 0.080
Centers 0.015 81 0.9 4292.9 4267.0 0.32 0.013

NS Margins 0.015 81 0.9 4292.9 4267.0 0.32 0.013
North 0.015 160 0.9 4292.8 4244.0 0.31 0.024

Center Margins 0.015 81 0.9 4292.9 4267.0 0.32 0.013
East 0.015 162 0.9 4292.7 4244.0 0.30 0.024
9CW 0.015 169 0.9 4292.0 4240.0 0.31 0.025

Equation Used:

Channel Flow

Subbasin Name
Manning 

N*

Flow 
Length 

(ft)

High 
Elevation

Low Elevation
Slope 
(ft/ft)

Hydraulic 
Radius

Velocity 
(ft/s)

Tt (hr)

Quadrants 0.033 344.0 4290.9 4287.5 0.01 1.5 5.88 0.016
Centers 0.033 433 4,271 4,267 0.010 1.5 5.83 0.021

NS Margins 0.033 433 4,271 4,267 0.010 1.5 5.83 0.021
North 0.033 2,386 4244.2 4241.2 0.001 4.4 4.29 0.154

Center Margins 0.033 185 4268.8 4267.0 0.010 1.5 5.84 0.009
East 0.033 1,896 NA NA 0.001 4.4 3.83 0.138
9CW 0.033 520 4240.0 NA 0.001 2 2.27 0.064

Equation used:

Results:

Subbasin Name Tc (hr) Tl (hr)
Lag Time 

(min)
Model Lag Time

(min)
Quadrants 0.097 0.058 3.48 3.60

Centers 0.034 0.020 1.23 3.60
NS Margins 0.034 0.020 1.23 3.60

North 0.178 0.107 6.41 6.41
Center Margins 0.022 0.013 0.80 3.60

East 0.162 0.097 5.82 5.82
9CW 0.088 0.053 3.18 3.60



Clean Harbors Cells 8 and 9
Pipe Capacity Calculations
Computed: JGH

Pipe Capacity with Mannings Equation

Design Pipe Capacity Area Wetted Perimeter Slope
Flow Q A P S
cfs in ft cfs ft2 ft ft/ft

P1 Cell Quadrants 2.4 18 1.5 51.46 1.77 4.71 0.24 1.486 0.013
P2 2 Quads and margin 6.4 18 1.5 49.27 1.77 4.71 0.22 1.486 0.013
P3 Center line 1 1 18 1.5 7.43 1.77 4.71 0.005 1.486 0.013
P4 Center line 2 13.9 24 2 16.00 3.14 6.28 0.005 1.486 0.013
P5 Center line 3 14.9 24 2 16.00 3.14 6.28 0.005 1.486 0.013
P6 Center line 4 15.9 24 2 16.00 3.14 6.28 0.005 1.486 0.013
P7 Center line 5 25 24 2 106.11 3.14 6.28 0.22 1.486 0.013
P8 East center 21.1 24 2 106.11 3.14 6.28 0.22 1.486 0.013
P9 South ditch 6.4 15 1.3 30.30 1.23 3.93 0.22 1.486 0.013
*Mannings n reflects values for cement pipe.

Diameter

9/21/2017

DescriptionPipe
Mannings

n*
k

Mannings Equation: � =
�

�
�

�

�

�/


��/�







Client Clean Harbors Sheet

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature North Storm Drainage Channel Chck'd

Project # 064.85.100 Date 30-Oct-17

    Trapezoidal Channel Flow Calculations    

GENERAL CRITERIA:

Design Flow: 45.00 cfs

Bottom Width: 22.0 feet

Side Slope1: 2.5 m1

Side Slope2: 3.0 m2

Friction Factor:

     Assumed D50: 0.1

Anderson et al. (1970) If X=1, n=0.0395(D50)^1/6

Abt. et al. (1987, 1988) If X=2, n=0.0456(D50*S)^0.0159

If X=3, n={D50^1/6*(R/D50)^1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}

     Generally Applicable for R/D50 > 0.5

Jarrett (1984) If X=4, n=0.39*(S^0.38)*(R^0.16)

If X=5, n=input n value

X: 1

Input n Value when X=5: 0.025

      Calc (used) n Value: 0.025

Min. Bottom Slope: 0.001 ft/ft

Max. Bottom Slope: 0.001 ft/ft

Freeboard: 0.5 feet

Depth (Min. Slope): 1.02 feet

Q-1.49AR(2/3)S(1/2)/n= -0.114 Accuracy

Required Depth: 1.52 feet

Area: 25.30 ft2

Perimeter: 27.97 feet

Hydraulic Radius: 0.90 feet

Velocity: 1.78 ft/sec

Froude Number: 0.33

Depth (Max. Slope): 0.43 feet

Q-1.49AR(2/3)S(1/2)/n= 34.507 Accuracy

Required Depth: 0.93 feet

Area: 10.01 ft2

Perimeter: 24.53 feet

Hydraulic Radius: 0.41 feet

Velocity: 4.50 ft/sec

Froude Number: 1.24

Channel Design Summary:
Bottom Width: 22.00 feet

Side Slope1: 2.50 1/m1

Side Slope2: 3.00 1/m2

Min. Bottom Slope: 0.001 ft/ft

Max. Bottom Slope: 0.001 ft/ft

Min. Channel Depth: 1.52 feet

Channel Top Width: 30.36 feet

Channel Cross Section
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Client Clean Harbors Sheet

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature North Storm Drainage Channel Chck'd

Project # 064.85.100 Date 30-Oct-17

    Trapezoidal Channel Flow Calculations    

GENERAL CRITERIA:

Design Flow: 45.00 cfs

Bottom Width: 5.0 feet

Side Slope1: 2.5 m1

Side Slope2: 3.0 m2

Friction Factor:

     Assumed D50: 0.1

Anderson et al. (1970) If X=1, n=0.0395(D50)^1/6

Abt. et al. (1987, 1988) If X=2, n=0.0456(D50*S)^0.0159

If X=3, n={D50^1/6*(R/D50)^1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}

     Generally Applicable for R/D50 > 0.5

Jarrett (1984) If X=4, n=0.39*(S^0.38)*(R^0.16)

If X=5, n=input n value

X: 1

Input n Value when X=5: 0.025

      Calc (used) n Value: 0.025

Min. Bottom Slope: 0.002 ft/ft

Max. Bottom Slope: 0.002 ft/ft

Freeboard: 0.5 feet

Depth (Min. Slope): 1.66 feet

Q-1.49AR(2/3)S(1/2)/n= -0.028 Accuracy

Required Depth: 2.16 feet

Area: 15.88 ft2

Perimeter: 14.72 feet

Hydraulic Radius: 1.08 feet

Velocity: 2.83 ft/sec

Froude Number: 0.47

Depth (Max. Slope): 1.66 feet

Q-1.49AR(2/3)S(1/2)/n= -0.028 Accuracy

Required Depth: 2.16 feet

Area: 15.88 ft2

Perimeter: 14.72 feet

Hydraulic Radius: 1.08 feet

Velocity: 2.83 ft/sec

Froude Number: 0.47

Channel Design Summary:
Bottom Width: 5.00 feet

Side Slope1: 2.50 1/m1

Side Slope2: 3.00 1/m2

Min. Bottom Slope: 0.002 ft/ft

Max. Bottom Slope: 0.002 ft/ft

Min. Channel Depth: 2.16 feet

Channel Top Width: 16.88 feet

Channel Cross Section
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1.00
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2.00

2.50

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

Depth (ft)

Distance (ft)
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Client Clean Harbors Sheet

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature East Storm Drainage Channel and Pond Inlet Chck'd

Project # 064.85.100 Date 30-Oct-17

    Trapezoidal Channel Flow Calculations    

GENERAL CRITERIA:

Design Flow: 29.00 cfs

Bottom Width: 13.0 feet

Side Slope1: 2.5 m1

Side Slope2: 3.0 m2

Friction Factor:

     Assumed D50: 0.1

Anderson et al. (1970) If X=1, n=0.0395(D50)^1/6

Abt. et al. (1987, 1988) If X=2, n=0.0456(D50*S)^0.0159

If X=3, n={D50^1/6*(R/D50)^1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}

     Generally Applicable for R/D50 > 0.5

Jarrett (1984) If X=4, n=0.39*(S^0.38)*(R^0.16)

If X=5, n=input n value

X: 1

Input n Value when X=5: 0.025

      Calc (used) n Value: 0.025

Min. Bottom Slope: 0.001 ft/ft

Max. Bottom Slope: 0.026 ft/ft

Freeboard: 0.5 feet

Depth (Min. Slope): 1.05 feet

Q-1.49AR(2/3)S(1/2)/n= -0.011 Accuracy

Required Depth: 1.55 feet

Area: 16.68 ft2

Perimeter: 19.15 feet

Hydraulic Radius: 0.87 feet

Velocity: 1.74 ft/sec

Froude Number: 0.33

Depth (Max. Slope): 0.40 feet

Q-1.49AR(2/3)S(1/2)/n= 0.864 Accuracy

Required Depth: 0.90 feet

Area: 5.64 ft2

Perimeter: 15.34 feet

Hydraulic Radius: 0.37 feet

Velocity: 5.14 ft/sec

Froude Number: 1.49

Channel Design Summary:
Bottom Width: 13.00 feet

Side Slope1: 2.50 1/m1

Side Slope2: 3.00 1/m2

Min. Bottom Slope: 0.001 ft/ft

Max. Bottom Slope: 0.026 ft/ft

Min. Channel Depth: 1.55 feet

Channel Top Width: 21.53 feet

Channel Cross Section
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Client Clean Harbors Sheet     of      

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature East Storm Drainage Channel and Pond Inlet Chck'd

Project # 064.85.100 Date 30-Oct-17

    DESIGN CRITERIA:

Design Flow: 29.00 cfs

Bottom Width: 13.00 feet

Side Slope1: 2.50 1/m1

Side Slope2: 3.00 1/m2

Friction Factor: 0.02

Min. Bottom Slope: 0.1   %

Max. Bottom Slope: 2.6   %

Flow Depth (Min. S): 1.05 feet

Flow Depth (Max. S): 0.40 feet

Angle Repose (Ar): 42.0 degrees

Specific Gravity 2.65

Reynolds No. = U*D50/v, where U=Shear Velocity, v=viscosity

  U=(gRS)^0.5 for Smin 0.17

     Reynolds # for Smin 718

  U=(gRS)^0.5 for Smax 0.55

     Reynolds # for Smax 2,378

T = G*d*S where G=Unit weight of Water

Nb = F*T/(G(SD-1)D50)

  F=(1/0.047)=21.3 for flat slopes with Reynolds No. < 500

  F=(1/0.062)=16.1 for 500 < Reynolds No. < 40,000

  F=varies from (1/0.062)=16.1 for Reynolds No. = 40,000 to

       (1/0,25)=4 for Reynolds No. = 500,000 or larger

K for S min (See K vs. R Chart) 0.047

K for S max (See K vs. R Chart) 0.062

F for S min 16.1

F for S max 16.1

SFb = (Cos a tan b)/(sin a + Nb tan b)

Tmax= Ks*G*d*S

  Set Ks=0.75 for 1.5:1 slope, 0.76 for 2:1 slope, and 0.85 for 3:1 slope

Ks: 0.76

Ns  = F*Tmax/(G(SG-1)D)

A   = Atan(1/m)

B   = Atan(Cos(Ar)/(2Sin(A)/NsTan)Ar))+Sin(Ar))

Nsp   = Ns(1+Sin(Ar+B)/2)

SFs = Cos(A)Tan(Ar)/(nTan(Ar)+Sin(A)Cos(B))

    RIPRAP DESIGN: Smin Smax

          D50 0.02 0.25 feet

          T 0.07 0.65 lb/ft2

          Nb 0.51 0.41

          Tmax 0.05 0.49 lb/ft2

          Ns 0.39 0.31

          m Critical 2.50 2.50

          A (m crit) 21.80 21.80 degrees

          B 25.29 20.35 degrees

          Nsp 0.28 0.21

          SFb 1.94 2.30

          SFs 1.43 1.55



Client Clean Harbors Sheet

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature West Storm Drainage North Pond Inlet  Channel Chck'd

Project # 064.85.100 Date 30-Oct-17

    Trapezoidal Channel Flow Calculations    

GENERAL CRITERIA:

Design Flow: 25.00 cfs

Bottom Width: 10.0 feet

Side Slope1: 3.0 m1

Side Slope2: 3.0 m2

Friction Factor:

     Assumed D50: 0.1

Anderson et al. (1970) If X=1, n=0.0395(D50)^1/6

Abt. et al. (1987, 1988) If X=2, n=0.0456(D50*S)^0.0159

If X=3, n={D50^1/6*(R/D50)^1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}

     Generally Applicable for R/D50 > 0.5

Jarrett (1984) If X=4, n=0.39*(S^0.38)*(R^0.16)

If X=5, n=input n value

X: 1

Input n Value when X=5: 0.025

      Calc (used) n Value: 0.025

Min. Bottom Slope: 0.021 ft/ft

Max. Bottom Slope: 0.021 ft/ft

Freeboard: 0.5 feet

Depth (Min. Slope): 0.46 feet

Q-1.49AR(2/3)S(1/2)/n= -0.056 Accuracy

Required Depth: 0.96 feet

Area: 5.23 ft2

Perimeter: 12.91 feet

Hydraulic Radius: 0.41 feet

Velocity: 4.78 ft/sec

Froude Number: 1.31

Depth (Max. Slope): 0.46 feet

Q-1.49AR(2/3)S(1/2)/n= -0.056 Accuracy

Required Depth: 0.96 feet

Area: 5.23 ft2

Perimeter: 12.91 feet

Hydraulic Radius: 0.41 feet

Velocity: 4.78 ft/sec

Froude Number: 1.31

Channel Design Summary:
Bottom Width: 10.00 feet

Side Slope1: 3.00 1/m1

Side Slope2: 3.00 1/m2

Min. Bottom Slope: 0.021 ft/ft

Max. Bottom Slope: 0.021 ft/ft

Min. Channel Depth: 0.96 feet

Channel Top Width: 15.76 feet

Channel Cross Section
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Client Clean Harbors Sheet     of      

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature West Storm Drainage North Pond Inlet  Channel Chck'd

Project # 064.85.100 Date 30-Oct-17

    DESIGN CRITERIA:

Design Flow: 25.00 cfs

Bottom Width: 10.00 feet

Side Slope1: 3.00 1/m1

Side Slope2: 3.00 1/m2

Friction Factor: 0.02

Min. Bottom Slope: 2.1   %

Max. Bottom Slope: 2.1   %

Flow Depth (Min. S): 0.46 feet

Flow Depth (Max. S): 0.46 feet

Angle Repose (Ar): 42.0 degrees

Specific Gravity 2.65

Reynolds No. = U*D50/v, where U=Shear Velocity, v=viscosity

  U=(gRS)^0.5 for Smin 0.52

     Reynolds # for Smin 2,244

  U=(gRS)^0.5 for Smax 0.52

     Reynolds # for Smax 2,244

T = G*d*S where G=Unit weight of Water

Nb = F*T/(G(SD-1)D50)

  F=(1/0.047)=21.3 for flat slopes with Reynolds No. < 500

  F=(1/0.062)=16.1 for 500 < Reynolds No. < 40,000

  F=varies from (1/0.062)=16.1 for Reynolds No. = 40,000 to

       (1/0,25)=4 for Reynolds No. = 500,000 or larger

K for S min (See K vs. R Chart) 0.062

K for S max (See K vs. R Chart) 0.062

F for S min 16.1

F for S max 16.1

SFb = (Cos a tan b)/(sin a + Nb tan b)

Tmax= Ks*G*d*S

  Set Ks=0.75 for 1.5:1 slope, 0.76 for 2:1 slope, and 0.85 for 3:1 slope

Ks: 0.85

Ns  = F*Tmax/(G(SG-1)D)

A   = Atan(1/m)

B   = Atan(Cos(Ar)/(2Sin(A)/NsTan)Ar))+Sin(Ar))

Nsp   = Ns(1+Sin(Ar+B)/2)

SFs = Cos(A)Tan(Ar)/(nTan(Ar)+Sin(A)Cos(B))

    RIPRAP DESIGN: Smin Smax

          D50 0.18 0.25 feet

          T 0.60 0.60 lb/ft2

          Nb 0.52 0.38

          Tmax 0.51 0.51 lb/ft2

          Ns 0.45 0.32

          m Critical 3.00 3.00

          A (m crit) 18.44 18.44 degrees

          B 32.06 24.35 degrees

          Nsp 0.35 0.23

          SFb 1.82 2.49

          SFs 1.48 1.73



Client Clean Harbors Sheet

Project Landfill Cells 8 - 13 Design Comp. KCS

Feature West Storm Drainage South Pond Inlet  Channel Chck'd

Project # 064.85.100 Date 30-Oct-17

    Trapezoidal Channel Flow Calculations    

GENERAL CRITERIA:

Design Flow: 5.00 cfs

Bottom Width: 10.0 feet

Side Slope1: 3.0 m1

Side Slope2: 3.0 m2

Friction Factor:

     Assumed D50: 0.1

Anderson et al. (1970) If X=1, n=0.0395(D50)^1/6

Abt. et al. (1987, 1988) If X=2, n=0.0456(D50*S)^0.0159

If X=3, n={D50^1/6*(R/D50)^1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}

     Generally Applicable for R/D50 > 0.5

Jarrett (1984) If X=4, n=0.39*(S^0.38)*(R^0.16)

If X=5, n=input n value

X: 1

Input n Value when X=5: 0.025

      Calc (used) n Value: 0.025

Min. Bottom Slope: 0.015 ft/ft

Max. Bottom Slope: 0.015 ft/ft

Freeboard: 0.5 feet

Depth (Min. Slope): 0.20 feet

Q-1.49AR(2/3)S(1/2)/n= -0.141 Accuracy

Required Depth: 0.70 feet

Area: 2.12 ft2

Perimeter: 11.26 feet

Hydraulic Radius: 0.19 feet

Velocity: 2.36 ft/sec

Froude Number: 0.96

Depth (Max. Slope): 0.20 feet

Q-1.49AR(2/3)S(1/2)/n= -0.141 Accuracy

Required Depth: 0.70 feet

Area: 2.12 ft2

Perimeter: 11.26 feet

Hydraulic Radius: 0.19 feet

Velocity: 2.36 ft/sec

Froude Number: 0.96

Channel Design Summary:
Bottom Width: 10.00 feet

Side Slope1: 3.00 1/m1

Side Slope2: 3.00 1/m2

Min. Bottom Slope: 0.015 ft/ft

Max. Bottom Slope: 0.015 ft/ft

Min. Channel Depth: 0.70 feet

Channel Top Width: 14.20 feet

Channel Cross Section
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HY-8 Culvert Analysis Report 
NORTH CHANNEL TO EMPTY POND 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Design Flow: 45 cfs 

Table 1 - Summary of Culvert Flows at Crossing: North Channel to East Pond 

Rating Curve Plot for Crossing: North Channel to East Pond 
 

 
 
Table 2 - Culvert Summary Table: Culvert 1 
 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert 1 Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 
  

 4240.53 45.00 45.00 0.00 1   

 4241.00 71.39 71.39 0.00 Overtopping   

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 45.00 45.00 4240.53 2.181 3.026 4-FFf 0.973 1.392 2.000 1.013 4.775 2.222   

 45.00 45.00 4240.53 2.181 3.026 4-FFf 0.973 1.392 2.000 1.013 4.775 2.222   



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

Straight Culvert 

Inlet Elevation (invert): 4237.50 ft,    Outlet Elevation (invert): 4231.50 ft 

Culvert Length: 100.18 ft,    Culvert Slope: 0.0600 

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

 
Water Surface Profile Plot for Culvert: Culvert 1 
 

 
 
Site Data - Culvert 1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  4237.50 ft 

Outlet Station:  100.00 ft 

Outlet Elevation:  4231.50 ft 

Number of Barrels:  3 

Culvert Data Summary - Culvert 1 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Corrugated PE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 



Table 3 - Downstream Channel Rating Curve (Crossing: North Channel to East Pond) 

 Tailwater Channel Data - North Channel to East Pond 

Tailwater Channel Option:  Rectangular Channel 

Bottom Width:  20.00 ft 

Channel Slope:  0.0010 

Channel Manning's n:  0.0200 

Channel Invert Elevation:  4237.50 ft 

Roadway Data for Crossing: North Channel to East Pond 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  40.00 ft 

Crest Elevation:  4241.00 ft 

Roadway Surface:  Gravel 

Roadway Top Width:  40.00 ft 
 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

  

 45.00 4238.51 1.01 2.22 0.06 0.39   

 45.00 4238.51 1.01 2.22 0.06 0.39   



HY-8 Culvert Analysis Report 
CULVERT FROM NORTH CHANNEL 

TO EAST CONTAINMENT POND 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Design Flow: 45 cfs 

Table 1 - Summary of Culvert Flows at Crossing: North Channel to East Pond 

 

Rating Curve Plot for Crossing: North Channel to East Pond 
 

  
 
Table 2 - Culvert Summary Table: Culvert 1 
 

 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert 1 Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 4240.68 45.00 45.00 0.00 1 
 4241.00 48.03 48.03 0.00 Overtopping 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
 45.00 45.00 4240.68 2.236 3.181 7-M2t 2.000 1.392 1.513 1.013 5.884 2.222 
 45.00 45.00 4240.68 2.236 3.181 7-M2t 2.000 1.392 1.513 1.013 5.884 2.222 



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

Straight Culvert 

Inlet Elevation (invert): 4237.50 ft,    Outlet Elevation (invert): 4237.00 ft 

Culvert Length: 100.00 ft,    Culvert Slope: 0.0050 

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

 
Water Surface Profile Plot for Culvert: Culvert 1 
 

 
 
Site Data - Culvert 1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  4237.50 ft 

Outlet Station:  100.00 ft 

Outlet Elevation:  4237.00 ft 

Number of Barrels:  3 

Culvert Data Summary - Culvert 1 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Corrugated PE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 



Table 3 - Downstream Channel Rating Curve (Crossing: North Channel to East Pond) 

Roadway Data for Crossing: North Channel to East Pond 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  40.00 ft 

Crest Elevation:  4241.00 ft 

Roadway Surface:  Gravel 

Roadway Top Width:  40.00 ft 
 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 45.00 4238.51 1.01 2.22 0.06 0.39 
 45.00 4238.51 1.01 2.22 0.06 0.39 



HY-8 Culvert Analysis Report 
CLOSURE CAP DOWNSPOUTS 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Design Flow: 2.4 cfs 

Table 1 - Summary of Culvert Flows at Crossing: Cap Downspouts 

  

Rating Curve Plot for Crossing: Cap Downspouts 

 

Table 2 - Culvert Summary Table: Culvert 1 
 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert 1 Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 4287.19 2.40 2.40 0.00 1 
 4289.71 13.87 13.87 0.00 Overtopping 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

 2.40 2.40 4287.19 0.647 0.0* 1-JS1f 0.278 0.582 1.500 0.568 1.358 2.480 



* Full Flow Headwater elevation is below inlet invert. 

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

Straight Culvert 

Inlet Elevation (invert): 4286.54 ft,    Outlet Elevation (invert): 4264.00 ft 

Culvert Length: 83.11 ft,    Culvert Slope: 0.2817 

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

 
 
 

Site Data - Culvert 1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  4286.54 ft 

Outlet Station:  80.00 ft 

Outlet Elevation:  4264.00 ft 

Number of Barrels:  1 

Culvert Data Summary - Culvert 1 

Barrel Shape:  Circular 

Barrel Diameter:  1.50 ft 

Barrel Material:  Corrugated PE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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