ADDRESS TEL WEB

SMITH EARI]NER 14 N. Boylan Avenue, Raleigh NC27603  919.828.0577  www.smithgardnerinc.com

September 29, 2016

Mr. Edward F. Mussler, IIl, P.E.
Permitting Branch Head

NC DEQ Division of Waste Management
217 W. Jones Street

Raleigh, NC 27603

RE:  Davidson County C&D Landfill (Permit No. 29-06)
Notification of Intent to Close
Request for Alternative Final Cover System
Request for Extension of Period for Closure

Dear Ed:
On behalf of Davidson County, Smith Gardner, Inc. (S+G]) is submitting this letter to:

1) Notify the NC Department of Environmental Quality Division of Waste Management
(DWM] that the County intends to close their construction and demolition debris (C&D)
landfill;

2) Request approval of an alternative final cover system for the C&D landfill; and

3) Provide an anticipated schedule for completion of the work.

Based on the work involved and allowance for some weather delays, the County requests
extension of the period for closure until May 15, 2017 following 15A NCAC 13B.0543 (c] (6).

Notification of Intent to Close

The County ceased disposal of waste in the C&D landfill unit on June 15, 2016, which was
before the permit to operate expired on July 18, 2016. Since then, the County has performed
additional grading and cover activities, preparing the landfill for closure and addressing
comments based on recent inspections by DWM. Note that these activities are anticipated to
prevent threats to human health and the environment until all closure activities can be
completed (see schedule for completion below]. Additionally, S+G has been preparing plans
and specifications for the bidding and construction of the closure, which will be performed by
a qualified contractor.

This letter serves as formal notification of the intent to close (.0543 (c) (4)) and a copy will be
placed in the operating record.
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Alternative Final Cover System

As part of the preparation for the closure of the C&D landfill, S+G reviewed options for
closure to both optimize the use of available soil resources in the vicinity of the C&D landfill
(portion of facility south of railroad tracks)and which would result in an equal or improved
performance. Based on this, the following final cover system is proposed as an alternative to
the previously approved regulatory final cover system (.0543 (c) (1)) for the C&D landfill
(components listed top-down):

Alternative Final Cover System [.0543 (c)(3)):

Top Slopes (Typically 5 to 8%]:

e a24-inch thick vegetative soil layer;

e adrainage geocomposite;

e a30-mil textured LLDPE geomembrane or geosynthetic clay liner (GCLJ; and
e a12-inch thick intermediate cover layer.

Side Slopes (Typically 3 or 4H:1V]:
e a 24-inch thick vegetative soil layer.

Surface water control devices and landfill gas (LFG) wells/vents will also be incorporated into
the final cover system very much the same as the previously approved design'. The final
cover surface will be vegetated upon completion of the final cover installation according to
the project seeding specifications.

The following calculations are provided in Attachment A relative to the proposed alternative
final cover system:

1. Final Cover Infiltration Analysis: This analysis was performed to demonstrate
that the proposed alternative final cover system allows no more infiltration than
the previously approved regulatory final cover system. The results of the
calculations show that the proposed alternative final cover system will actually
allow less infiltration and, thus, is expected to provide improved performance
over the regulatory final cover system.

2. Final Cover Drainage Layer Analysis: This analysis focused on determining the
required transmissivity to maintain the peak head within the drainage
geocomposite.

3. Filter Geotextile Analysis: This analysis shows that the upper geotextile of the
drainage geocomposite is expected to perform acceptably as a filter when
covered with typical site soils.

" Richardson Smith Gardner & Assocs., Inc. (2011], Permit Amendment Application - Davidson County
C&D Landfill - Phases 3 & 4, April 2009, Revised April 2011.
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4. Veneer Stability Analysis: This analysis shows that the final cover system utilizing
geosynthetics (top slopes] will be stable under anticipated loading conditions.

Note that the proposed alternative final cover system is very similar to alternative final cover
systems approved for other C&D landfills in North Carolina.

Technical specifications, a construction quality assurance (CQA) manual, and drawings for
the closure project are provided in Attachments B, C, and D, respectively. These documents
include information related to both the previously approved and proposed alternative final
cover systems.

It is currently anticipated that the County will bid the regulatory and alternative final cover
systems as alternates during the upcoming bid process. In order to proceed with the bidding
of the project without potential significant changes, S+G would like to discuss the proposed
alternative final cover system with you at your earliest convenience.

Schedule for Completion
The currently anticipated schedule for completion of the closure work is as follows:

Finalize Bid Documents and Issue for Bids: October 2016

Receive Bids: November 2016

Award Project: December 13" BOC Mtg.

Start Construction: January 2017

Completion of Construction: April 2017 (Assumes 100 Day Schedule])

To allow for potential weather delays during construction of the final cover system, the
County requests extension of the period for closure until May 15, 2017.

Please contact us at your earliest convenience should you have any questions or comments
or if you require additional information related to this submittal.

Sincerely, o
(1] ’
SMITH GARDNER, INC. o\ ““ CAR”
R es

@ /éf % )

Gregory G. Mills, P.E. Pieter K. Scheer, P.E. !

Senior Project Engineer Vice President, Senior Engineer %

gregm(dsmithgardnerinc.com pieter@smithgardnerinc.com 045010001 n ™

Attachments: Attachment A: Calculations
Attachment B: Technical Specifications
Attachment C: CQA Manual
Attachment D: Closure Drawings
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cc: Rex Buck, Davidson County
Steven Sink, Davidson County
Susan Heim, NC DEQ - DWM



Attachment A

Calculations

Alternative Final Cover System Request
Davidson County C&D Landfill
Davidson County, North Carolina
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ADDRESS TEL WEB

S M ITH EA R I] N E R 14 N. Boylan Avenue, Raleigh, NC 27603 919.828.0577 www.smithgardnerinc.com

PROJECT Davidson County C&DLF SHEET 1 OF 22 DATE 9/6/2016
COMPUTED BY PKS

SUBJECT _ Final Cover Infiltration Analysis JOB # DAVDCO-16-12 CHECKED BY GGM

OBJECTIVE: To determine the expected average annual infiltration into the landfill through the proposed final cover

system. In that the proposed final cover system is an alternate system to the regulatory final cover, the
infiltration through the proposed system is compared to the infiltration through the regulatory system.
Use the EPA HELP Model in the analysis.

REFERENCES: Berger, Klaus (2012), “Engineering Documentation for HELP 3.95D - Enhancements Beyond HELP 3.07,"
Institute of Soil Science, University of Hamburg, Hamburg, Germany.

Schroeder, P.R., Lloyd, C.M., et. al, (1994), “The Hydrologic Evaluation of Landfill Performance (HELP)
Model - User’s Guide for Version 3,” EPA/600/9-94/168a, USEPA Risk Reduction Laboratory, Cincinnati,
Ohio.

Schroeder, P.R., Lloyd, C.M., et. al, (1994), “The Hydrologic Evaluation of Landfill Performance (HELP)
Model - Engineering Documentation for Version 3,” EPA/600/9-94/168b, USEPA Risk Reduction
Laboratory, Cincinnati, Ohio.

ANALYSIS:
Final Cover Systems Analyzed:
1A. Proposed Final Cover System (Top Slopes - 5 to 10%): (Top Down)
24 inches Vegetative Soil Layer
Drainage Geocomposite

30 mil Textured LLDPE Geomembrane or Geosynthetic Clay Liner (GCL)
12 inches Intermediate Cover

cowp

1B. Proposed Final Cover System (Side Slopes - 3 or 4H:1V):
A. 24 inches Vegetative Soil Layer

2. Regulatory Final Cover System: (Top Down)
A. 18 inches Vegetative Soil Layer

B. 18inches Compacted Soil Barrier (k = 1 x 10”° cm/sec)
C. 12inches Intermediate Cover

RESULTS:
Slope of Final Cover| Average Annual
Case System (%) Infiltration (inches)
1A-1 (GM) 5 0.002
1A-2 (GCL) 5 0.03
1B (Soil) 25 10.7
2A (RMC) 5
2B (RMC) 25

The results show that the proposed final cover system allows less infiltration than the regulatory final
cover system. HELP Model results are attached.

SMITH GARDNER, INC. DC FCS HELP.xls
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ekl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE kel
E E
kel HELP Version 3.95 D (10 August 2012) **
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
kel based on **
el US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) kel
el DEVELOPED BY ENVIRONMENTAL LABORATORY kel
el USAE WATERWAYS EXPERIMENT STATION *x
ekl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ekl
Kk *x
E ks
TIME: 9.26 DATE: 6.09.2016

PRECIPITATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d4
TEMPERATURE DATA FILE:
C:\Users\PieterScheer\Documents\HELPMOod\HELP390D\Projects\GreensboroNC.d7
SOLAR RADIATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d13
EVAPOTRANSPIRATION DATA F. 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d11
SOIL AND DESIGN DATA FILE 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC1A1.d10
OUTPUT DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC1Al.out

TITLE: Davidson County C&DLF - Case 1A-1 (GM - Top Slopes)

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

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

89.2 85.6 98.6 80.3 85.6 99.8
108.5 106.4 92.5 80.8 65.8 85.9

Page 3 of 22
NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.1 4.4 8.9 14.6 19.2 23.1
25.1 24.6 21.1 14.7 9.2 4.6

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 35.13 DEGREES

LAYER DATA 1

VALID FOR 20 YEARS

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

24.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2872 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1200E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20
= 0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0167 VOL/VOL
10.00 CM/SEC
5.00 PERCENT
100.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH
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LAYER 3
________ EVAPOTRANSPIRATION DATA 1

TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER 36 VALID FOR 20 YEARS
THICKNESS = 0.03 INCHES
EFFECTIVE SAT. HYD. CONDUCT.= 0.4000E-12 CM/SEC NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
FML PINHOLE DENSITY = 1.00 HOLES/ACRE GREENSBORO NORTH CAROLINA
FML INSTALLATION DEFECTS = 8.00 HOLES/ACRE STATION LATITUDE = 35.13 DEGREES
FML PLACEMENT QUALITY = 3 - GOOD MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 90
END OF GROWING SEASON (JULIAN DATE) = 305
LAYER 4 EVAPORATIVE ZONE DEPTH = 21.0 INCHES
———————— AVERAGE ANNUAL WIND SPEED = 12.23 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
TYPE 1 - VERTICAL PERCOLATION LAYER AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.0 %
MATERIAL TEXTURE NUMBER 10 AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.0 %
THICKNESS 12.00 INCHES AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.0 %
POROSITY 0.3980 VOL/VOL

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

0.2440 VOL/VOL
0.1360 VOL/VOL
0.2440 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1200E-03 CM/SEC

FINAL WATER STORAGE AT END OF YEAR 20

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1 LAYER (INCHES) (vOL/VOL)
1 6.9977 0.2916
VALID FOR 20 YEARS
2 0.0096 0.0384
NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A 3 0.0000 0.0000
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 100. FEET. 4 2.9280 0.2440
SCS RUNOFF CURVE NUMBER 76.72 TOTAL WATER IN LAYERS 9.935
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES SNOW WATER 0.000
EVAPORATIVE ZONE DEPTH 21.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 6.001 INCHES INTERCEPTION WATER 0.000
UPPER LIMIT OF EVAPORATIVE STORAGE 8.358 INCHES
FIELD CAPACITY OF EVAPORATIVE ZONE 5.124 INCHES TOTAL FINAL WATER 9.935

LOWER LIMIT OF EVAPORATIVE STORAGE 2.856 INCHES

SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

21.000 INCHES
0.000 INCHES
0.000 INCHES
9.826 INCHES
9.826 INCHES
0.00 INCHES/YEAR



PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
(INCHES) (CU. FT.)

PRECIPITATION 4.09 14834.409

RUNOFF 1.045 3791.7039

DRAINAGE COLLECTED FROM LAYER 2 1.19850 4350.56494

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.000174 0.63235

AVERAGE HEAD ON TOP OF LAYER 3 0.171

MAXIMUM HEAD ON TOP OF LAYER 3 0.085

LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000174 0.63235

SNOW WATER 2.44 8868.2080

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3587

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.

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

1 THROUGH 20

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

TOTALS 2.65 3.20
4.76 5.08
STD. DEVIATIONS 1.66 1.36
2.00 2.45

RUNOFF
TOTALS 0.020 0.028

0.056 0.079

0.05
0.16

2.75 3.16 3.95
2.49 2.59 3.86
1.36 1.26 2.48
1.67 1.94 1.87
4 0.019 0.006 0.065
7 0.083 0.041 0.074

TOTALS

TOTALS

TOTALS

TOTALS

TOTALS
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STD. DEVIATIONS 0.044 0.076 0.107 0.056 0.024 0.233
0.143 0.171 0.282 0.166 0.170 0.172
POTENTIAL EVAPOTRANSP IRATION
2.332 2.517 4.152 5.610 7.169 7.926
7.863 6.997 5.381 4.069 2.826 2.059
STD. DEVIATIONS 0.215 0.312 0.299 0.318 0.321 0.348
0.286 0.269 0.301 0.255 0.230 0.177
ACTUAL EVAPOTRANSPIRATION
1.543 1.683 2.625 2.606 4.301 3.811
4.496 3.961 2.311 1.401 1.372 1.265
STD. DEVIATIONS 0.257 0.314 0.477 0.544 0.766 1.809
1.572 1.267 0.788 0.514 0.345 0.255
LATERAL DRAINAGE COLLECTED FROM LAYER 2
1.7238 1.0346 1.7604 0.6261 0.2777 0.1345
0.2272 0.3342 0.9279 1.0622 0.7574 1.5923
STD. DEVIATIONS 1.8337 0.8975 1.0744 0.7307 0.6007 0.3563
0.5838 0.6505 1.1996 1.0692 1.1823 1.2014
PERCOLATION/LEAKAGE THROUGH LAYER 3
0.0003 0.0002 0.0003 0.0001 0.0000 0.0000
0.0000 0.0001 0.0001 0.0002 0.0001 0.0002
STD. DEVIATIONS 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0002 0.0002 0.0002 0.0002
PERCOLATION/LEAKAGE THROUGH LAYER 4
0.0003 0.0002 0.0003 0.0001 0.0000 0.0000
0.0000 0.0001 0.0001 0.0002 0.0001 0.0002
STD. DEVIATIONS 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0002 0.0002 0.0002 0.0002
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 3
AVERAGES 0.0020 0.0013 0.0020 0.0007 0.0003 0.0002
0.0003 0.0004 0.0013 0.0012 0.0009 0.0018
STD. DEVIATIONS 0.0021 0.0011 0.0012 0.0009 0.0007 0.0004
0.0007 0.0007 0.0021 0.0012 0.0014 0.0014
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 42.53 ( 6.833) 154391.5 100.00
RUNOFF 0.690 ( 0.4563) 2506.43 1.623
POTENTIAL EVAPOTRANSPIRATION  58.902 ( 0.8237) 213813.48
ACTUAL EVAPOTRANSPIRATION 31.376 ( 3.1983) 113895.23 73.770
LATERAL DRAINAGE COLLECTED 10.45833 ( 3.92454) 37963.754  24.58928
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.00170 ( 0.00057) 6.167 0.00399
LAYER 3
AVERAGE HEAD ON TOP 0.001 C 0.000)
OF LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.00170 ( 0.00057) 6.167 0.00399
LAYER 4

CHANGE IN WATER STORAGE 0.005 ( 1.1957) 19.88 0.013
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ekl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE kel
E E
kel HELP Version 3.95 D (10 August 2012) **
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
kel based on **
el US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) kel
el DEVELOPED BY ENVIRONMENTAL LABORATORY kel
el USAE WATERWAYS EXPERIMENT STATION *x
ekl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ekl
Kk *x
E ks
TIME: 9.27 DATE: 6.09.2016

PRECIPITATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d4
TEMPERATURE DATA FILE:
C:\Users\PieterScheer\Documents\HELPMOod\HELP390D\Projects\GreensboroNC.d7
SOLAR RADIATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d13
EVAPOTRANSPIRATION DATA F. 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d11
SOIL AND DESIGN DATA FILE 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC1A2.d10
OUTPUT DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC1A2.out

TITLE: Davidson County C&DLF - Case 1A-2 (GCL - Top Slopes)

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
89.2 85.6 98.6 80.3 85.6 99.8
108.5 106.4 92.5 80.8 65.8 85.9
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NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.1 4.4 8.9 14.6 19.2 23.1
25.1 24.6 21.1 14.7 9.2 4.6

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 35.13 DEGREES

LAYER DATA 1

VALID FOR 20 YEARS

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

24.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2872 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1200E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20
= 0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0167 VOL/VOL
10.00 CM/SEC
5.00 PERCENT
100.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH
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LAYER 3
________ EVAPOTRANSPIRATION DATA 1

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER O VALID FOR 20 YEARS
THICKNESS = 0.25  INCHES
POROSITY = 0.7500 VOL/VOL NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
FIELD CAPACITY = 0.7470 VOL/VOL GREENSBORO NORTH CAROLINA
WILTING POINT = 0.4000 VOL/VOL STATION LATITUDE = 35.13 DEGREES
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL MAXIMUM LEAF AREA INDEX = 2.00
EFFECTIVE SAT. HYD. CONDUCT.= 0.5000E-08 CM/SEC START OF GROWING SEASON (JULIAN DATE) = 90
END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 21.0 INCHES
LAYER 4 AVERAGE ANNUAL WIND SPEED = 12.23 MPH
-------- AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.0 %
TYPE 1 - VERTICAL PERCOLATION LAYER AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.0 %
MATERIAL TEXTURE NUMBER 10 AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.0 %
THICKNESS = 12.00  INCHES
POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2440 VOL/VOL
EFFECTIVE SAT. HYD. CONDUCT.= 0.1200E-03 CM/SEC FINAL WATER STORAGE AT END OF YEAR 20
LAYER (INCHES) (VOL/VOL)
GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1 oDl
------- 1 6.9977 0.2916
VALID FOR 20 YEARS 2 0.0096 0.0384
NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 3 0.1875 0.7500
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.% 4 2.9280 0.2440
AND A SLOPE LENGTH OF 100. FEET.
TOTAL WATER IN LAYERS 10.123
SCS RUNOFF CURVE NUMBER 76.72
FRACTION OF AREA ALLOWING RUNOFF 100.0  PERCENT SNOW WATER 0.000
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH 21.0 INCHES INTERCEPTION WATER 0.000
INITIAL WATER IN EVAPORATIVE ZONE 6.001 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE 8.358 INCHES TOTAL FINAL WATER 10.123

FIELD CAPACITY OF EVAPORATIVE ZONE 5.124 INCHES

LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

2.856 INCHES
21.000 INCHES
0.000 INCHES
0.000 INCHES
10.013 INCHES
10.013 INCHES
0.00 INCHES/YEAR



PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
(INCHES) (CU. FT.)

PRECIPITATION 4.09 14834.409
RUNOFF 1.045 3791.7039
DRAINAGE COLLECTED FROM LAYER 2 1.19842 4350.25732
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.000249 0.90488
AVERAGE HEAD ON TOP OF LAYER 3 0.171
MAXIMUM HEAD ON TOP OF LAYER 3 0.084
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.7 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000249 0.90488
SNOW WATER 2.44 8868.2080
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3587
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.

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

1 THROUGH 20

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

TOTALS 2.65 3.20
4.76 5.08
STD. DEVIATIONS 1.66 1.36
2.00 2.45

RUNOFF
TOTALS 0.020 0.028

0.056 0.079

0.05
0.16

2.75 3.16 3.95
2.49 2.59 3.86
1.36 1.26 2.48
1.67 1.94 1.87
4 0.019 0.006 0.065
7 0.083 0.041 0.074

TOTALS

TOTALS

TOTALS

TOTALS

TOTALS
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STD. DEVIATIONS 0.044 0.076 0.107 0.056 0.024 0.233
0.143 0.171 0.282 0.166 0.170 0.172
POTENTIAL EVAPOTRANSP IRATION
2.332 2.517 4.152 5.610 7.169 7.926
7.863 6.997 5.381 4.069 2.826 2.059
STD. DEVIATIONS 0.215 0.312 0.299 0.318 0.321 0.348
0.286 0.269 0.301 0.255 0.230 0.177
ACTUAL EVAPOTRANSPIRATION
1.543 1.683 2.625 2.606 4.301 3.811
4.496 3.961 2.311 1.401 1.372 1.265
STD. DEVIATIONS 0.257 0.314 0.477 0.544 0.766 1.809
1.572 1.267 0.788 0.514 0.345 0.255
LATERAL DRAINAGE COLLECTED FROM LAYER 2
1.7201 1.0317 1.7565 0.6234 0.2767 0.1341
0.2266 0.3333 0.9260 1.0594 0.7552 1.5894
STD. DEVIATIONS 1.8331 0.8964 1.0737 0.7300 0.5998 0.3559
0.5828 0.6497 1.1981 1.0676 1.1816 1.2006
PERCOLATION/LEAKAGE THROUGH LAYER 3
0.0040 0.0031 0.0042 0.0028 0.0010 0.0004
0.0007 0.0009 0.0020 0.0030 0.0023 0.0031
STD. DEVIATIONS 0.0017 0.0016 0.0013 0.0015 0.0013 0.0008
0.0011 0.0013 0.0019 0.0023 0.0017 0.0016
PERCOLATION/LEAKAGE THROUGH LAYER 4
0.0040 0.0031 0.0042 0.0028 0.0010 0.0004
0.0007 0.0009 0.0020 0.0030 0.0023 0.0031
STD. DEVIATIONS 0.0017 0.0016 0.0013 0.0015 0.0013 0.0008
0.0011 0.0013 0.0019 0.0023 0.0017 0.0016
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 3
AVERAGES 0.0020 0.0013 0.0020 0.0007 0.0003 0.0002
0.0003 0.0004 0.0013 0.0012 0.0009 0.0018
STD. DEVIATIONS 0.0021 0.0011 0.0012 0.0009 0.0007 0.0004
0.0007 0.0007 0.0021 0.0012 0.0014 0.0014
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 42.53 ( 6.833) 154391.5 100.00
RUNOFF 0.690 ( 0.4563) 2506.43 1.623
POTENTIAL EVAPOTRANSPIRATION  58.902 ( 0.8237) 213813.48
ACTUAL EVAPOTRANSPIRATION 31.376 ( 3.1983) 113895.23 73.770
LATERAL DRAINAGE COLLECTED 10.43247 ( 3.91878) 37869.863  24.52847
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.02756 ( 0.00683) 100.059 0.06481
LAYER 3
AVERAGE HEAD ON TOP 0.001 C 0.000)
OF LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.02756 ( 0.00683) 100.059 0.06481
LAYER 4

CHANGE IN WATER STORAGE 0.005 ( 1.1957) 19.88 0.013
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ekl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE kel
E E
kel HELP Version 3.95 D (10 August 2012) **
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
kel based on **
el US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) kel
el DEVELOPED BY ENVIRONMENTAL LABORATORY kel
el USAE WATERWAYS EXPERIMENT STATION *x
ekl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ekl
Kk *x
E ks
TIME: 9.29 DATE: 6.09.2016

PRECIPITATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d4
TEMPERATURE DATA FILE:
C:\Users\PieterScheer\Documents\HELPMOod\HELP390D\Projects\GreensboroNC.d7
SOLAR RADIATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d13
EVAPOTRANSPIRATION DATA F. 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d11
SOIL AND DESIGN DATA FILE 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC1B.d10
OUTPUT DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC1B.out

TITLE: Davidson County C&DLF - Case 1B (Soil - Side Slopes)

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
89.2 85.6 98.6 80.3 85.6 99.8
108.5 106.4 92.5 80.8 65.8 85.9
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NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.1 4.4 8.9 14.6 19.2 23.1
25.1 24.6 21.1 14.7 9.2 4.6

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 35.13 DEGREES

LAYER DATA 1

VALID FOR 20 YEARS

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

24.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2849 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1200E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 20 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.%
AND A SLOPE LENGTH OF 200. FEET.

SCS RUNOFF CURVE NUMBER = 76.87

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 21.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 5.959 INCHES



UPPER LIMIT OF EVAPORATIVE STORAGE = 8.358 INCHES
FIELD CAPACITY OF EVAPORATIVE ZONE = 5.124 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.856 INCHES
SOIL EVAPORATION ZONE DEPTH = 21.000 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL INTERCEPTION WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 6.837 INCHES
TOTAL INITIAL WATER = 6.837 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
EVAPOTRANSPIRATION DATA 1
VALID FOR 20 YEARS
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
GREENSBORO NORTH CAROLINA
STATION LATITUDE = 35.13 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 90
END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 21.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.23 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.0 %
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FINAL WATER STORAGE AT END OF YEAR 20

LAYER

TOTAL WATER IN LAYERS

SNOW WATER

INTERCEPTION WATER

TOTAL FINAL WATER

(INCHES) (VOL/VOL)

6.4316 0.2680
6.432
0.000
0.000

6.432

PEAK DAILY VALUES FOR YEARS 1 THROUGH
(INCHES) (CU. FT.)
PRECIPITATION 4.09 14834.409
RUNOFF 0.949 34444199
PERCOLATION/LEAKAGE THROUGH LAYER 1 2.449526 8891.77832
SNOW WATER 2.44 8868.2080
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3297
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360
AVERAGE MONTHLY VALUES INCHES FOR YEARS 1 THROUGH 20

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

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

0.013
0.052

0.027
0.139

POTENTIAL EVAPOTRANSP IRATION

TOTALS

STD. DEVIATIONS

2.332
7.863

0.215
0.286

ACTUAL EVAPOTRANSPIRATION

TOTALS

1.544
4.490

0.023
0.073

0.064
0.161

2.517
6.997

0.312
0.269

1.683
3.922

0.046
0.145

0.095
0.247

4.152
5.381

0.299
0.301

2.633
2.271

0.015
0.073

0.043
0.144

5.610
4.069

0.318
0.255

2.605
1.394

0.004
0.036

0.016
0.149

7.169
2.826

0.321
0.230

4.230
1.371

0.053
0.060

0.189
0.133

7.926
2.059

0.348
0.177

3.808
1.263



STD. DEVIATIONS 0.259 0.315 0.476 0.544 0.767 1.818
1.575 1.270 0.812 0.499 0.343 0.260
PERCOLATION/LEAKAGE THROUGH LAYER 1
TOTALS 1.6752 1.0721 1.7758 0.6257 0.2692 0.1718
0.2374 0.4647 0.9715 1.0511 0.7561 1.6763
STD. DEVIATIONS 1.8098 0.9246 1.1275 0.8044 0.6277 0.4324
0.5369 0.8966 1.1606 1.1256 1.2289 1.2588
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
INCHES CU. FEET PERCENT
PRECIPITATION 42 .53 ( 6.833) 154391.5 100.00
RUNOFF 0.592 ( 0.3979) 2148.71 1.392
POTENTIAL EVAPOTRANSP IRATION 58.902 ( 0.8237) 213813.48
ACTUAL EVAPOTRANSPIRATION 31.213 ( 3.2692) 113304.90 73.388
PERCOLATION/LEAKAGE THROUGH 10.74694 ( 3.96556) 39011.395 25.26785
LAYER 1
CHANGE IN WATER STORAGE -0.020 ( 1.1575) -73.53 -0.048
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*k
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*%k

*%k

ekl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE kel
E E
kel HELP Version 3.95 D (10 August 2012) **
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
kel based on **
el US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) kel
el DEVELOPED BY ENVIRONMENTAL LABORATORY kel
el USAE WATERWAYS EXPERIMENT STATION *x
ekl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ekl
Kk *x
E ks
TIME: 9.32 DATE: 6.09.2016

PRECIPITATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d4
TEMPERATURE DATA FILE:
C:\Users\PieterScheer\Documents\HELPMOod\HELP390D\Projects\GreensboroNC.d7
SOLAR RADIATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d13
EVAPOTRANSPIRATION DATA F. 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d11
SOIL AND DESIGN DATA FILE 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC2A.d10
OUTPUT DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC2A.out

TITLE: Davidson County C&DLF - Case 2A (RMC - Top Slopes)

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

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

89.2 85.6 98.6 80.3 85.6 99.8
108.5 106.4 92.5 80.8 65.8 85.9
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NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.1 4.4 8.9 14.6 19.2 23.1
25.1 24.6 21.1 14.7 9.2 4.6

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 35.13 DEGREES

LAYER DATA 1

VALID FOR 20 YEARS

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

18.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL

WILTING POINT 0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2773 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT.= 0.1200E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY

LAYER 2

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 15

18.00 INCHES
0.4750 VOL/VOL
0.3780 VOL/VOL
0.2650 VOL/VOL
0.4750 VOL/VOL
0.1000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.



THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

EFFECTIVE

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

SAT. HYD. CONDUCT.

12.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL
0.2872 VOL/VOL
0.1200E-03 CM/SEC
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AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.0 %

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

1

VALID FOR 20 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 100. FEET.

SCS RUNOFF CURVE NUMBER = 76.72
FRACTION OF AREA ALLOWING RUNOFF = 100.0

AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 18.0

INITIAL WATER IN EVAPORATIVE ZONE = 4.991
UPPER LIMIT OF EVAPORATIVE STORAGE = 7.164
FIELD CAPACITY OF EVAPORATIVE ZONE = 4.392
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.448
SOIL EVAPORATION ZONE DEPTH = 18.000
INITIAL SNOW WATER = 0.000
INITIAL INTERCEPTION WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 16.988
TOTAL INITIAL WATER = 16.988
TOTAL SUBSURFACE INFLOW = 0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

FINAL WATER STORAGE AT END OF YEAR 20

EVAPOTRANSPIRATION DATA 1

VALID FOR 20 YEARS

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

GREENSBORO NORTH CAROLINA
STATION LATITUDE = 35.13 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 90
END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.23 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.0 %

LAYER (INCHES) (VOL/VOL)
1 5.0534 " 0.2807
2 8.5500 0.4750
3 4.0453 0.3371
TOTAL WATER IN LAYERS 17.649
SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 17.649
PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
(INCHES) (CU. FT.)
PRECIPITATION 4.09 14834409
RUNOFF 0.921 3342.5291
PERCOLATION/LEAKAGE THROUGH LAYER 0.645848 234442847
AVERAGE HEAD ON TOP OF LAYER 2 16.176
PERCOLATION/LEAKAGE THROUGH LAYER 0.632554 2296.17114
SNOW WATER 2.44 8868.2080
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3980
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360




AVERAGE MONTHLY VALUES IN

INCHES FOR YEARS

1 THROUGH 20

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

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

0.012
0.050

0.026
0.132

POTENTIAL EVAPOTRANSP IRATION

TOTALS

STD. DEVIATIONS

2.332
7.863

0.215
0.286

ACTUAL EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER

1.540
4.397

0.251
1.563

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER

1.5959
0.3258

1.8255
0.6333

TOTALS

STD. DEVIATIONS

1.7713
0.3303

1.8627
0.5593

3.20 4.03

5.08 4.02

1.36 1.92

2.45 2.47

0.023 0.042
0.072 0.145
0.062 0.087
0.158 0.249
2.517 4.152
6.997 5.381
0.312 0.299
0.269 0.301
1.680 2.635
3.875 2.279
0.313 0.475
1.288 0.854

2

1.1538 1.7091
0.5157 1.1865
0.9478 1.2036
0.9309 1.3432
3

1.0271  1.7941
0.4530 1.0786
0.8577 1.0719
0.7576  1.3049

0.012
0.068

0.036
0.133

5.610
4.069

0.318
0.255

2.609
1.471

0.540
0.529

0.5136
1.0576

0.8775
1.1257

0.7417
1.0947

0.7146
1.0549

0.004
0.033

0.015
0.137

7.169
2.826

0.321
0.230

3.906
1.362

0.845
0.347

0.2421
0.7705

0.6876
1.3736

0.3230
0.7840

0.6178
1.1708

.95
.86

.48
.87

.058
.071

.203
.179

.926
.059

.348
177

.755
.256

.824
.273

.2716
.8314

.5845
.2574

.2307
.5151

.4608
.1274
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AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.2486 0.1912 0.2831 0.1026 0.0423 0.0600
0.0639 0.0991 0.3128 0.2061 0.1462 0.3581
STD. DEVIATIONS 0.4596 0.3246 0.3276 0.2593 0.1485 0.2051
0.1846 0.2178 0.4298 0.3678 0.4681 0.4542
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
INCHES CU. FEET PERCENT
PRECIPITATION 42 .53 ( 6.833) 154391.5 100.00
RUNOFF 0.588 ( 0.4134) 2135.71 1.383
POTENTIAL EVAPOTRANSP IRATION 58.902 ( 0.8237) 213813.48
ACTUAL EVAPOTRANSPIRATION 30.767 ( 3.1921) 111684.23 72.338
PERCOLATION/LEAKAGE THROUGH 11.17362 ( 3.97219) 40560.234 26.27104
LAYER 2
AVERAGE HEAD ON TOP 0.176 [¢ 0.093)
OF LAYER 2
PERCOLATION/LEAKAGE THROUGH 11.14369 ( 3.90051) 40451.598 26.20067
LAYER 3
CHANGE IN WATER STORAGE 0.033 ( 1.2532) 119.93 0.078
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*%k

*%k

ekl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE kel
E E
kel HELP Version 3.95 D (10 August 2012) **
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
kel based on **
el US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) kel
el DEVELOPED BY ENVIRONMENTAL LABORATORY kel
el USAE WATERWAYS EXPERIMENT STATION *x
ekl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ekl
Kk *x
E ks
TIME: 9.33 DATE: 6.09.2016

PRECIPITATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d4
TEMPERATURE DATA FILE:
C:\Users\PieterScheer\Documents\HELPMOod\HELP390D\Projects\GreensboroNC.d7
SOLAR RADIATION DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d13
EVAPOTRANSPIRATION DATA F. 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP390D\Projects\GreensboroNC.d11
SOIL AND DESIGN DATA FILE 1:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC2B.d10
OUTPUT DATA FILE:
C:\Users\PieterScheer\Documents\HELPMod\HELP395D\Projects\DCLFC2B.out

TITLE: Davidson County C&DLF - Case 2B (RMC - Side Slopes)

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

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

89.2 85.6 98.6 80.3 85.6 99.8
108.5 106.4 92.5 80.8 65.8 85.9
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NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.1 4.4 8.9 14.6 19.2 23.1
25.1 24.6 21.1 14.7 9.2 4.6

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 35.13 DEGREES

LAYER DATA 1

VALID FOR 20 YEARS

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

18.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL

WILTING POINT 0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2773 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT.= 0.1200E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY

LAYER 2

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 15

18.00 INCHES
0.4750 VOL/VOL
0.3780 VOL/VOL
0.2650 VOL/VOL
0.4750 VOL/VOL
0.1000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.



THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

EFFECTIVE

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

SAT. HYD. CONDUCT.

12.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL
0.2872 VOL/VOL
0.1200E-03 CM/SEC

Page 20 of 22
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.0 %

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

1

VALID FOR 20 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.%
AND A SLOPE LENGTH OF 200. FEET.

SCS RUNOFF CURVE NUMBER = 76.87
FRACTION OF AREA ALLOWING RUNOFF = 100.0

AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 18.0

INITIAL WATER IN EVAPORATIVE ZONE = 4.991
UPPER LIMIT OF EVAPORATIVE STORAGE = 7.164
FIELD CAPACITY OF EVAPORATIVE ZONE = 4.392
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.448
SOIL EVAPORATION ZONE DEPTH = 18.000
INITIAL SNOW WATER = 0.000
INITIAL INTERCEPTION WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 16.988
TOTAL INITIAL WATER = 16.988
TOTAL SUBSURFACE INFLOW = 0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION DATA 1

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

VALID FOR 20 YEARS

GREENSBORO NORTH CAROLINA
STATION LATITUDE = 35.13 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 90
END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.23 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.0 %

FINAL WATER STORAGE AT END OF YEAR 20

LAYER (INCHES) (VOL/VOL)

1 5.0516 "~ 0.2806

2 8.5500 0.4750

3 4.0453 0.3371
TOTAL WATER IN LAYERS 17.647
SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 17.647

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)
PRECIPITATION 4.09 14834409
RUNOFF 0.932 3383.2461
PERCOLATION/LEAKAGE THROUGH LAYER 2 0.645848 234442822
AVERAGE HEAD ON TOP OF LAYER 2 16.176
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.632333 2295.36743
SNOW WATER 2.44 8868.2080
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3980
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360




AVERAGE MONTHLY VALUES IN

INCHES FOR YEARS

1 THROUGH

20

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

TOTALS 2.65
4.76
STD. DEVIATIONS 1.66
2.00
RUNOFF
TOTALS 0.012
0.052
STD. DEVIATIONS 0.027
0.135

POTENTIAL EVAPOTRANSP IRATION

TOTALS 2.332
7.863
STD. DEVIATIONS 0.215
0.286
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.540
4.397
STD. DEVIATIONS 0.251
1.564

PERCOLATION/LEAKAGE THROUGH LAYER

.36
.45

.023
.073

.063
.161

2.517
6.997

.312
.269

1.680
3.875

0.313
1.288

2

TOTALS 1.5952
0.3247
STD. DEVIATIONS 1.8246
0.6310

PERCOLATION/LEAKAGE THROUGH LAYER

1.1535
0.5145

0.9471
0.9290

3

TOTALS 1.7707
0.3283
STD. DEVIATIONS 1.8633

0.5555

1.0265
0.4525

0.8572
0.7570

[eNe]

a b

e RPR R

)

.03
.02

.92
.47

.043
.148

.088
.253

.152
.381

.299
.301

.635
.278

.475
.854

.7081
.1839

.2024
.3396

.7931
.0761

.0708
.3018

NN

R

[eNe]

O

.75
.49

.36
.67

.013
.069

.038
.135

.610
.069

.318
.255

.609
471

.540
.529

.5132
.0562

.8764
.1238

.7413
.0931

.7137
.0531

.16
.59

.26
.94

.004
.034

.016
-139

.169
.826

.321
.230

-906
.362

.845
.347

.2418
.7699

.6866
.3716

.3227
.7833

.6168
.1685

.95
.86

.48
.87

.059
.072

.206
.179

.926
.059

.348
177

.755
.256

.824
.273

.2706
.8310

.5822
.2570

.2302
.5149

.4595
.1273

Page 21 of 22

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.2483 0.1908 0.2831 0.1024 0.0421 0.0595
0.0635 0.0982 0.3107 0.2046 0.1455 0.3580
STD. DEVIATIONS 0.4588 0.3237 0.3281 0.2584 0.1480 0.2033
0.1832 0.2160 0.4252 0.3663 0.4654 0.4542
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
INCHES CU. FEET PERCENT
PRECIPITATION 42 .53 ( 6.833) 154391.5 100.00
RUNOFF 0.602 ( 0.4199) 2183.46 1.414
POTENTIAL EVAPOTRANSP IRATION 58.902 ( 0.8237) 213813.48
ACTUAL EVAPOTRANSPIRATION 30.765 ( 3.1931) 111676.82 72.334
PERCOLATION/LEAKAGE THROUGH 11.16259 ( 3.96653) 40520.207 26.24511
LAYER 2
AVERAGE HEAD ON TOP 0.176 [¢ 0.093)
OF LAYER 2
PERCOLATION/LEAKAGE THROUGH 11.13267 ( 3.89574) 40411.574 26.17475
LAYER 3
CHANGE IN WATER STORAGE 0.033 ( 1.2549) 119.60 0.077
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ADDRESS TEL WEB

CMITU. . PADRNNED

JIVIITITT URANUDINEIN | 14N. Boylan Avenue, Raleigh, NC 27603 919.828.0577 www.smithgardnerinc.com

PROJECT  Davidson County C&DLF SHEET 1 OF 2 DATE 9/20/2016
COMPUTED BY PKS

SUBJECT Final Cover Drainage Layer Analysis JOB # DAVDCO-16-12 CHECKED BY GGM

OBJECTIVE: To evaluate the required transmissivity for the drainage geocomposite placed in the final cover system.

REFERENCE: Richardson, G.N., Giroud, J-P., and Zhao, A. (2000), Design of Lateral Drainage Systems for Landfills,

Tenax Corp., Baltimore.

ANALYSIS:

Step 1:

Determine the required transmissivity (6,4) of the drainage geocomposite based on the following equation:

RF,. 0, Li RF,d,Lcos _ RF,q,L

Oreqa = sin 3 = sin 8 tan 3 (Richardson et. al. Eq. 4-6 Mod.)

where: 6 reqa = required transmissivity (m*/m/sec)
RF 4 = drainage geocomposite reduction factor (See Note 1)

g, = fluid input rate (or impingement rate) (m/s) (See Note 2)
L = flow length (or drain spacing) (horizontally projected) (m)
B = slope angle of final cover (degrees)

Notes:

1. Based on the recommendations of Richardson, Giroud, & Zhao, use RF ;. = 6. This accounts for an overall
factor of safety of 2, plus a combined reduction factor of 3 for long-term intrusion, creep, and clogging
concerns. A lower reduction factor may be used where veneer stability is not a significant concern.

2. Typically the impingement into the drainage geocomposite is determined by the lessor of:
a. Permeability of the overlying vegetative soil layer (4 ,,] or

b. Design rainfall.

Per Richardson, Giroud, & Zhao, use g, = k., except in arid/semi-arid areas.

Step 2:
Determine the required transmissivity test parameters:

- Normal Stress (cover thickness x unit weight of cover soil) and
- Hydraulic Gradient (approximately equal to slope of cover system for most slopes).

Step 3:

Calculate the required total flow capactiy (Q) of the drain basin on the following equation:

Q=49,A
where: Q = flow capacity (cfs)
q, = impingement (ft/s)
A = total area served by the drain (= L x OL) (ft?)
DL = length of drain between outlet locations (ft).

Step 4:

After finding Q for each drain, the designer shall select the appropriate type and size of drain.

SMITH GARDNER, INC. DC FCS DRAIN LAYER.xls



PROJECT Davidson County C&DLF SHEET 2/2

JOB # DAVDCO-15-12
SUBJECT Final Cover Drainage Layer Analysis DATE 9/20/2016
COMPUTED BY PKS
CHECKED BY GGM
Input Parameters:
Side Slope Angle (5): 4.8 degrees (12.0H:1V Slope) 8% Slope
Impingement (g ,): 0.0001 cm/sec (= Permeability of Vegetative Soil Layer)
Drain Spacing (L): 100 ft (= Horizontally Projected Distance Up & Down Slope) (> Max.)
Reduction Factors for Drainage Geocomposite: (Based on Limited Concern with Veneer Stability)
RF intrusion* 1.1
RF croep: 1.1
RF chemical clogging * 1.1
RF biotogical clogging * 1.1
Overall Factor of Safety (FS): 1.9
Reduction Factor for Drainage Geocomposite in Final Cover
(RF 4): 2.8
Drain Length (DL): 225 ft (> Max. Flow Length to Down Pipes)
Final Cover: Thickness: 2.0 ft
Unit Weight: 110 pcf
Note: Spreadsheet Converts Units as Required.
Transmissivity Requirements:
Determine Minimum Transmissivity:
O min = 1.0E-03 m3/m/sec = 4.9 gpm/ft
Determine Transmissivity Test Parameters:
Min. Normal Stress =| 220.0 psf
Hydraulic Gradient = 0.08
Determine Required Drain Capacity:
Calculate Required Total Flow Capacity:
Q= 0.07 cfs | *Based on 225 foot spacing between outlets.

6" CPE [Type SP) pipe embedded in No. 57 stone will have more than sufficient
flow capacity.

SMITH+GARDNER

SMITH GARDNER, INC. DC FCS DRAIN LAYER.xls



ADDRESS TEL WEB

CAMITU . PADNNED

JIVIIIITTUANUNLN 14 N. Boylan Avenue, Raleigh, NC 27603 919.828.0577 www.smithgardnerinc.com

PROJECT _ Davidson County C&D Landfill SHEET 1 OF 12 DATE 9/20/2016
COMPUTED BY PKS

SUBJECT Filter Geotextile Analysis JOB # DAVDCO-16-12 CHECKED BY GGM

To determine the maximum geotextile apparent opening size (AOS) to provide proper retention to protect
drainage media from piping and clogging from adjacent soil. Additionally, to determine the minimum
required geotextile permittivity to provide proper drainage from the adjacent soil. Geotextile filtration
properties must be selected based on the up-gradient soil gradation and plasticity and site specific

Bhatia, S.K. and Huang, Q. (1995), “Geotextile Filters for Internally Stable/Unstable Soils”, Geosynthetics

Koerner, Robert M. (1999), Designing with Geosynthetics, 4th Ed., Prentice-Hall Inc., Englewood Cliffs, NJ,

Mirafi - Geotextile Filter Design, Application, and Product Selection Guide, Ten Cate Nicolon Corp.

Richardson, G.N., Giroud, J-P., and Zhao, A. (2000), Design of Lateral Drainage Systems for Landfills,

The design criteria given assume that the soil is “set” in intimate contact with the geotextile.

For the purposes of filtration design, soils can be characterized as stable or unstable. Stable soils perform
an internal filtration process that limits migration of fines within the soil. Typically, these soil types
include well-graded soils. Unstable soils are those which cannot perform self-filtration (i.e. they have the
potential to pipe internally). They may include gap-graded, broad-graded, and other highly erodible soils.
In gap-graded soils, there exists a coarse and fine fraction, but very little medium fraction. If there is an
insufficient quantity of soil particles in the medium fraction, fine soil particles pipe through the coarse
fraction. In broad-graded soils, the gradation is distributed over a very wide range of particle sizes such
that fine soil tends to pipe through coarser particles.

OBJECTIVE:
hydraulic conditions.
REFERENCES:
International, Vol. 2, No. 3, pp. 537-565.
pp. 84-91.
(www.mirafi.com).
Tenax Corp., Baltimore.
ASSUMPTIONS:
BACKGROUND: From Richardson et. al.:
ANALYSIS:

1. Define Application and Function of Geotextile:

Define the application and function of the geotextile (i.e. where the geotextile is to be used and
whether retention or permeability is the key function of the material) and also the confining
stress (i.e. high - leachate collection system; low - final cover system) and flow conditions (i.e.
steady-state - landfill drains; dynamic - shoreline protection).

2. Evaluate Soils Information

For representative soils, evaluate grain size and plasticity information. From the grain size
curves determine the coefficients of uniformity and curvature as follows:

d d,’
Co= g~ Co=7—"—
10 (dIO x dso)
where: C, = coefficient of uniformity (quantifies the distribution of particle sizes)
C. = coefficient of curvature (identifies internal soil stability)
dy = the diameter at which x percent of the soil is finer

SMITH GARDNER, INC.

DC GT FILTER FCS.xls




PROJECT _ Davidson County C&D Landfill SHEET 2 OF 12 DATE 9/20/2016

SUBJECT Filter Geotextile Analysis JOB # DAVDCO-16-12 CHECKED BY GGM

COMPUTED BY PKS

For C, < 4, the soil is uniformly-graded; for 4 < C, < 20, the soil is well-graded; and for C, > 20,
the soil is broad-graded. Uniformly-graded and broad-graded soils require careful analysis.
Gap-graded soils which have a coarse and fine fraction, but limited medium fraction are of
particular concern and should be avoided. Gap-graded soils are readily identified by the
appearance of the grain size curve. For 1 < C. < 3, the soil should be internally stable (Bhatia
and Huang state that soils having C, < 7 are internally stable.).

Additionally, in general, particles do not move within soils having a plasticity index (PI) greater
than 15% so there is no clogging potential (Richardson et. al.).

3. Selection of Soil Retention Requirements (Maximum A0S):

To determine the maximum AOS, use the method given in Koerner/Mirafi (after Luettich) and
the method given in Bhatia and Huang. For the AOS determined by either method, the following
shows the relationship between opening size and the corresponding U.S. sieve number (with
typical non-woven geotextile information as shown).

Opening Size ([mm) U.S. Sieve
0.150 100  (most 10 to 16 0z/SY non-woven geotextiles)
0.180 80 (most 8 0z/SY non-woven geotextiles)
0.212 70 (most 4 to 6 0z/SY non-woven geotextiles)
0.250 60
0.300 50
0.425 40
0.600 30

- Luettich Method:
For steady-state conditions, use the chart below.

- Bhatia and Huang Method:

Bhatia and Huang developed the following retention criteria:

For n > 60% 0ys5 < dgs(2.71 - 0.36C,) C.s7
For n < 60% 0Oy5 < dgs(0.65 - 0.05C,) C.>7
where: 045 = apparent opening size

geotextile porosity (%) (for non-woven geotextiles this value is
typically 70 to 90%)

n

4. Determine Geotextile Permittivity Requirements:

Determine the geotextile permittivity requirements:

Kk
Y = tgg (sec™)
where: (1] = mimimum required geotextile permittivity (sec™)
kg = mimimum allowable geotextile permeability [cm/sec)
ky 2 isks
t, = geotextile thickness under design load (cm)
is = hydraulic gradient (use 1.5 for landfills)
ks = permeability of retained soil [cm/sec)

SMITH+GARDNER

SMITH GARDNER, INC.

DC GT FILTER FCS.xls



PROJECT Davidson County C&D Landfill

SHEET

SUBJECT Filter Geotextile Analysis

JOB #

3

OF 12 DATE
COMPUTED BY
DAVDCO-16-12 CHECKED BY

9/20/2016

PKS

GGM

5. Other Considerations

Other things to consider in the design of a filter geotextile include anti-clogging requirements
and survivability/durability requirements. For anti-clogging, it is generally best to use the
largest AOS that satisfies the retention criteria. For non-woven geotextiles used in landfill
applications, an A0S of 0.21 mm (No. 70 sieve] is typically the largest AOS that is available. For
survivability/durability concerns, generally an adequately UV stabilized geotextile made from
polypropylene or polyester with an AASHTO M288 Strength Class of 2 is suitable for use in
subsurface drainage applications.

Chart 1. Soil Retention Criteria of Steady-State Flow Conditions

) @ Where:
S

'y and d’, are the extremeties of a straight ine drawn
through the particle-size distribution, as directed above and
d'sn is the midpaint of this Ine

l, = relative density of the soil
P = plastichy index of the 5ol
DHR - double-hydrometer ratio of the scl
Ogs = geotextia opening size

NON-DISPERSIVE SOIL Ogg < 021MM
DHR <05
USE 3 TO 6 INCHES OF VERY FINE SAND BETWEEN
D@E?v‘g?m_ SOIL AND GEOTEXTILE, THEN DESIGN THE GEOTEX-
DHR > 0.5 TILE AS A FILTER FOR THE SAND
PLASTIC SOIL i
LESS THAN 20% CLAY. and i
MORE THAN 10% SILT Fl>5
03 > 0.00Zmm and NON-PLASTIC SOIL
g < 0.07Tmm) P
FROM SOIL - Y LOOSE = o
PROPERTIES TESTS - -t o 2 35%) e
STABLE e .
APPLICATION SOIL USE - @ C MEDIUM 135
FAVORS wiDELY Ogs« T d'n
RETENTION NsC.s3 GRADED [35% < Ip < B5%) Ty
LESS THAN UNSTABLE o 2% g ¢ Cuz? DENSE Ogs <« m- o,
10% SILT. ang soiL o ¢ o 2.65%) s e T
M HAN
10% SAND Ce=3ar
Ceerd LOOSE .«
(o > 0.0Tmm UsE o  35%) Ogs = Cyd'sn
a0d PPLICATION -
dyg < 4.Bmm) A gy TANGENT AT
g =Ty,
PERMEABILITY s UNIFORMLY s e asw)  Oss< 15C,d'5
MORE THAN GRADED) o
S0% GRAVEL C,<3
3 DENSE o
NOTES: o= 4 ldhag)® i z 55%) Ogs < 20, d's0
G " Tamxe
d, = particle diametes of which size x percent s smaller

Ref: Mirafi [After Luettich]

SMITH+GARDNER
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Application:
Primary Function:
Relative Confining Stress:

Flow Conditions:

Final Cover System Drainage Geocomposite

Retention/Permeability
Low
Steady-State

Typ. SC (Sample 01-01)

Typ. SM (Sample 04-01)

Soil Evaluated

Soil Description:

Soil Type:

Particle Size (mm)

C.:

Brown Clayey Sand

SC
3.400
0.700
0.250
0.030
0.010
0.003

13

233.33

Use Caution - Soil is Broad
Graded!

0.43

Reddish Brown Silty Sand

SM
2.500
0.210
0.090
0.021
0.010
0.005

8
42.00

Use Caution - Soil is Broad
Graded!

0.42

Luettich Method:*

Soil Dispersion (When Applicable):

Recommended Maximum AOS (mm)
(When Applicable):

Internal Soil Stability (When
Applicable):

o o .
R d'y00:
n o€

- £ .3 .
EEEU d'so:
TES .
-1 do:

C’, (When Applicable):

Soil Relative Density (Ip) (Loose (L),
Medium (M), Dense (D) (When
Applicable):

Recommended Maximum AOS (mm)
(When Applicable):

Is Soil Dispersive? (Y/N)

Is Soil Dispersive? [Y/N)

N N
0.210 0.210
No. 70 Sieve No. 70 Sieve
NA NA

Bhatia & Huang Method:

Internal Soil Stability:

Soil is Stable.

Soil is Stable.

Geotextile Porosity (%): 80 80
Recommended Max. A0S (mm): 8.689 6.397
No. 30 Sieve No. 30 Sieve
Required Geotextile Properties: [ - | e
Hydraulic Gradient [ig): 1.5 1.5
Estimated Soil Permeability (k)
1.0E-04 1.0E-04
(cm/sec):
Min. Allowable Geotextile 1.5E-04 1.5E-04
Permeability (kg) (cm/sec): s e
Geotextile Thickness [tg) (cm): 0.25 0.25
Min. Required Geotextile Permittivity
- 0.0006 0.0006
(Y) (sec™):
*Note: Spreadsh retention appli 1 in using the Luettich Method.

SMITH+GARDNER

SMITH GARDNER, INC.

FCS DGC

DC GT FILTER FCS.xls



ATTERBERG LIMITS
ASTM D 4318-10 / AASHTO T89-10 (SOP - S4A)
Client R.S.G. & ASSOCIATES Boring No.
Client Reference DAVIDSON CO.LFC&D Depth (ft)
Project No. 2012-686-01 Sample No.
Lab ID 2012-686-01-01 Soil Description

Note: The USCS symbol used with this test refers only to the minus No. 40

50f12

eotechnics

INTEGRITY IN TESTING

NA

NA

1

BROWN LEAN CLAY

( Minus No. 40 sieve material, Airdried)

sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material description .

Liquid Limit Test 1 2 3

M
Tare Number A-O 17 Z-4 U
Wt. of Tare & WS (gm) 32.88 33.41 31.52 L
Wt. of Tare & DS (gm) 28.47 28.72 27.24 T
Wt. of Tare (gm) 15.42 15.46 1557 |
Wt. of Water (gm) 4.4 4.7 4.3 P
Wt. of DS (gm) 13.1 13.3 1.7 (0]

I
Moisture Content (%) 33.8 35.4 36.7 N
Number of Blows 35 27 18 T
Plastic Limit Test 1 2 Range Test Results
Tare Number W-5 V-2 Liquid Limit (%) 35
WHt. of Tare & WS (gm) 23.16 22.81
Wt. of Tare & DS (gm) 21.79 21.54 Plastic Limit (%) 22
Wt. of Tare (gm) 15.61 15.60
Wt. of Water (gm) 1.4 1.3 Plasticity Index (%) 13
Wt. of DS (gm) 6.2 5.9

USCS Symbol CL
Moisture Content (%) 22.2 21.4 0.8
Note: The acceptable range of the two Moisture contents is + 2.6
Flow Curve Plasticity Chart
38 60 5
O

) b2
50

®
(

o’ e b
'," / MH

CL
32 - 40
- &~
; z
0
g 3
o £ 30
et >
k] s
326 E 20 1”
o ¥

[&]

=
\\

RN

10 2
- 2 | ML
1 10 100 0 20 40 80 80 100
Number of Blows CL- ML Liquid Limit (%)
Tested By CG Date  6/20/2012 Checked By &GO pate b-)|AYL
page 1of 1 DCN: CT-S4B DATE: 12/20/2006 REVISION: 3

12012 PROJECTS\2012-686 RSG -DAVIDSON CO¥2012 -686-01-01 3ptlimit with header. xis]Sheet1

2200 Westinghouse Blvd. - Suite 103 - Raleigh, NC 27604 Phone (919) 876-0405 - Fax (919) 8

-0460 - www.geotechnics.net
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eotechnics

INTEGRITY IN TESTING

SIEVE ANALYSIS
ASTM D 422-63 (SOP-S3)
Client R.S.G. & ASSOCIATES Boring No. NA
Client Reference DAVIDSON CO.LFC &D Depth (ft) NA
Project No. 2012-686-01 Sample No. 1
Lab ID 2012-686-01-01 Soil Color BROWN
SIEVE ANALYSIS HYDROMETER
USsCs gravel | sand | silt and clay
12" ¢* 3" 3/4" 3/8" #4 #10 #20 #40 #140 #200
100 1 Ol --<>-o--<>—\
] M
90 - N
] \\
80 \\
70 \\
— E ~}'
5 60 : 3
2 ]
3 .
o 01 My
g X
s ]
g 40 o
o
30 ]
20
10
o
1000 100 10 1 0.1 0.01 0.001
Particle Diameter (mm)
USCS Symbol SC, TESTED
USCS Classification CLAYEY SAND
Tested By JBD  Date  6/20/2012 CheckedBy (5 Date b-2i-1)
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eotechnics

INTEGRITY IN TESTING

WASH SIEVE ANALYSIS
ASTM D 422-63 (SOP-S3)

Client R.S.G. & ASSOCIATES Boring No. NA
Client Reference DAVIDSON CO.LFC&D Depth (ft) NA
Project No. 2012-686-01 Sample No. 1
LabID 2012-686-01-01 Soil Color BROWN
Moisture Content of Passing 3/4" Material Water Content of Retained 3/4" Material
Tare No. 200 Tare No. NA
Wogt.Tare + Wet Specimen (gm) 791.11 Wgt.Tare + Wet Specimen (gm) NA
Wgt.Tare + Dry Specimen (gm) 721.84 Wgt.Tare + Dry Specimen (gm) NA
Weight of Tare (gm) 171.61 Weight of Tare (gm) NA
Weight of Water (gm) 69.27 Weight of Water (gm) NA
Weight of Dry Soil (gm) 550.23 Weight of Dry Soil (gm) NA
Moisture Content (%) 12.6 Moisture Content (%) NA
Wet Weight -3/4" Sample (gm) NA Weight of the Dry Specimen (gm) 550.23
Dry Weight - 3/4" Sample (gm) 339.3 Weight of minus #200 material (gm) 210.98
Wet Weight +3/4" Sample (gm) NA Weight of plus #200 material (gm) 339.25
Dry Weight + 3/4" Sample (gm) 0.00
Total Dry Weight Sample (gm) NA
Sieve Sieve Wgt.of Soil Percent Accumulated Percent Accumulated
Size Opening Retained Retained Percent Finer Percent
(mm) Retained Finer
_(gm) (%) (%) (%) (%)
12" 300 0.00 0.0 0.0 100.0 100.0
6" 150 0.00 0.0 0.0 100.0 100.0
3" 75 0.00 0.0 0.0 100.0 100.0
2" 50 0.00 0.0 0.0 100.0 100.0
11/2" 375 0.00 0.0 0.0 100.0 100.0
i 25.0 0.00 0.0 0.0 100.0 100.0
3/4" 19.0 0.00 0.0 0.0 100.0 100.0
172" 12.50 19.64 36 3.6 96.4 96.4
3/8" 9.50 7.00 1:3 4.8 95.2 95.2
#4 4.75 29.50 5.4 10.2 89.8 89.8
#10 2.00 79.26 14.4 24.6 75.4 75.4
#20 0.850 73.62 13.4 38.0 62.0 62.0
#40 0.425 42.04 7.6 456 54.4 54.4
#60 0.250 25.83 4.7 50.3 49.7 49.7
#140 0.106 41.31 75 57.8 42.2 422
#200 0.075 21.05 3.8 61.7 38.3 38.3
Pan - 210.98 38.3 100.0 - -
Tested By  JBD Date  6/20/2012 Checked By (YW Date b 2142
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eotechnics

INTEGRITY IN TESTING

ATTERBERG LIMITS
ASTM D 4318-10

Client RSG & ASSOCIATES Boring No. NA
Client Reference DAVIDSONCO.LFC&D Depth (ft) NA
Project No. 2012-686-04 Sample No. MSW BORROW
Lab ID 2012-686-04-01 Soil Description REDDISH BROWN SILT
Note: The USCS symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried)
sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material description .
Liquid Limit Test 1 2 3

M
Tare Number A-O W-5 Z-4 U
Wt. of Tare & WS (gm) 30.38 30.21 31.94 L
WHt. of Tare & DS (gm) 26.85 26.56 27.60 T
Wt. of Tare (gm) 15.39 15.60 15.58 1
WHt. of Water (gm) 35 37 43 P
Wt. of DS (gm) 11.5 11.0 12.0 0

|
Moisture Content (%) 30.8 33.3 36.1 N
Number of Blows 35 26 17 T
Plastic Limit Test 1 2 Range Test Results
Tare Number 17 V-2 Liquid Limit (%) 33
WHt. of Tare & WS (gm) 22.78 22.25
Wt. of Tare & DS (gm) 21.30 20.89 Plastic Limit (%) 25
WHt. of Tare (gm) 15.47 15.58
Wt. of Water (gm) 145 1.4 Plasticity Index (%) 8
Wt. of DS (gm) 5.8 5.3

USCS Symbol ML
Moisture Content (%) 25.4 25.6 -0.2
Note: The acceptable range of the two Moisture contents is + 2.6
Flow Curve Plasticity Chart
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INTEGRITY IN TESTING

SIEVE ANALYSIS
ASTM D 422-63 (2007)

Client RSG & ASSOCIATES Boring No. NA
Client Reference ~ DAVIDSON CO. LF C & D Depth (ft) NA
Project No. 2012-686-04 Sample No. MSW BORROW
Lab ID 2012-686-04-01 Soil Color REDDISH BROWN
SIEVE ANALYSIS HYDROMETER
Uscs gravel | sand | silt and clay
12" 6" 3" 3/4" 3/8" #4 #10 #20 #40 #140 #200
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Particle Diameter (mm)
USCS Symbol SM, TESTED
USCS Classification SILTY SAND
Tested By  SFS Date  7/3/2012 Checked By (M Date 1-4 42
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INTEGRITY IN TESTING
WASH SIEVE ANALYSIS
ASTM D 422-63 (2007)
Client RSG & ASSOCIATES Boring No. NA
Client Reference DAVIDSONCO.LFC&D Depth (ft) NA
Project No. 2012-686-04 Sample No. MSW BORROW
Lab ID 2012-686-04-01 Soil Color REDDISH BROWN
Moisture Content of Passirlg_ 3/4" Material Water Content of Retained 3/4" Material
Tare No. 835 Tare No. NA
Woagt.Tare + Wet Specimen (gm) 997.76 Wgt.Tare + Wet Specimen (gm) NA
Woagt.Tare + Dry Specimen (gm) 922.09 Wagt.Tare + Dry Specimen (gm) NA
Weight of Tare (gm) 254.98 Weight of Tare (gm) NA
Weight of Water (gm) 75.67 Weight of Water (gm) NA
Weight of Dry Soil (gm) 667.11 Weight of Dry Soil (gm) NA
Moisture Content (%) 11.3 Moisture Content (%) NA
Wet Weight -3/4" Sample (gm) NA Weight of the Dry Specimen (gm) 667.11
Dry Weight - 3/4" Sample (gm) 355.9 Weight of minus #200 material (gm) 311.22
Wet Weight +3/4" Sample (gm) NA Weight of plus #200 material (gm) 355.89
Dry Weight + 3/4" Sample (gm) 0.00
Total Dry Weight Sample (gm) NA
Sieve Sieve Wgt.of Soil Percent Accumulated Percent Accumulated
Size Opening Retained Retained Percent Finer Percent
(mm) Retained Finer
(gm) (%) (%) (%) (%)
12" 300 0.00 0.0 0.0 100.0 100.0
g" 150 0.00 0.0 0.0 100.0 100.0
ar 75 0.00 0.0 0.0 100.0 100.0
2" 50 0.00 0.0 0.0 100.0 100.0
1. 1/2" 37.5 0.00 0.0 0.0 100.0 100.0
i 25.0 0.00 0.0 0.0 100.0 100.0
3/4" 19.0 0.00 0.0 0.0 100.0 100.0
1/2" 12.50 49.72 7.5 75 925 92.5
3/8" 9.50 6.34 1.0 8.4 91.6 91.6
#4 4.75 19.05 2.9 1.3 88.7 88.7
#10 2.00 37.80 57 16.9 83.1 83.1
#20 0.850 58.37 8.7 25T 74.3 74.3
#40 0.425 44.89 6.7 32.4 67.6 67.6
#60 0.250 36.70 5.5 37.9 62.1 62.1
#140 0.106 65.59 9.8 47.7 52.3 52.3
#200 0.075 37.43 5.6 533 46.7 46.7
Pan - 311.22 46.7 100.0 - -
Tested By SFS Date  7/3/2012 CheckedBy (M Date 1-4-1L
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S M ITH EA R I] N E R 14 N. Boylan Avenue, Raleigh, NC 27403 919.828.0577 www.smithgardnerinc.com

PROJECT _ Davidson County - C&DLF SHEET 1 OF 2 DATE 9/20/2016
COMPUTED BY PKS

SUBJECT Final Cover Veneer Stability Evaluation JOB # DAVDCO-16-12 CHECKED BY

OBJECTIVE: To determine the interface shear strength requirements for the final cover system veneer to satisfy the

required factor(s) of safety against sliding.

REFERENCE: Matasovic, N. [1991), “Selection of Method for Seismic Slope Stability Analysis,” Proc. 2nd International
Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil Dynamics, St. Louis, Vol.
2, pp.1057-1062.

REQUIREMENTS:  FS,,,(Static) = 1.5
FSminlSeismic) = 1.0 (If Applicable)

ANALYSIS:
1. Treat the final cover as an infinite slope and use the following equation:
7,-d
N %+ tan 1—M -k,(tan B)(tan )
g _ ResistingForce _ 7.7, €05° Vi ( Matasovic, 1991)
DrivingForce k,+tan g
where: FS = factor of safety against shallow veneer failure
ks = seismic coefficient (= 0 for static conditions) (= peak ground acceleration
for seismic conditions)
Ve = unit weight of final cover material(s) (pcf)
Vo = unit weight of water (62.4 pcf) (pcf)
c = cohesion/adhesion along assumed failure surface (psf)
S5 = interface friction angle along assumed failure surface (degrees)
Z. = depth of final cover (depth to failure surface) (ft)
d, = depth to seepage surface (assumed parallel to slope) (ft)
B = slope angle of final cover (degrees)

u= ]/W(ZC_dW)

*Note: Based on an allowable LFG pressure of 6 inch-w.c. (= 31.2 psf], the use of a depth to seepage of
1.5 feet or less (for evaluation of interfaces above the geomembrane) will satisfy the evaluation for LFG
pressure against the bottom of the geomembrane as well.

2. Determine minimum interface shear strength as follows:

r=octand+c

= interface shear strength (lbs)

= normal load (psf)

interface friction angle [min. value from analysis or greater)
= cohesion/adhesion (min. value from analysis or greater)

where:

a % A N
1

SMITH GARDNER, INC. DC STABILITY FCS.xls



PROJECT Davidson County - C&DLF

SUBJECT

Final Cover Veneer Stability Evaluation

SHEET 2/2
JOB # DAVDCO-16-12
DATE 9/20/2016
COMPUTED BY PKS
CHECKED BY GGM

Input Parameters:
Side Slope Angle (4):

Final Cover: Thickness (z.):

Unit Weight (y.):
Cohesion/Adhesion (c):
Depth to Seepage (d,):

Seismic Coefficient (&, ):

Required Factors of Safety:

9.5 degrees (6.0H:1V Slope) Much Steeper than Top Areas
2.0 ft
110 pcf
0 psf
1.5 ft (= z if Slope is Dry) Assumes 6" Head Pressure on Top

or 6" Gas Pressure on Bottom
0 Static Conditions

0.10 Seismic Conditions (= Peak Ground Acceleration For The Site)
(Conservative - per Lat/Long and 2014 USGS Information, actual value is 0.08)

Interface Friction Angle (3) =

Normal Load (o)

(psf)

17.7 degrees

Static: 1.5
Dynamic: 1.0
Static Conditions:
Interface
Friction Angle (5) Resisting Driving
(degrees) Force Force FS Comment
15 0.23 0.17 1.37 NO GOOD
16 0.25 0.17 1.47 NO GOOD
17 0.26 0.17 1.57 OK
17.7 0.27 0.17 1.64 OK
18 0.28 0.17 1.67 OK
19 0.30 0.17 1.77 OK
Seismic Conditions:
Interface
Friction Angle (5) Resisting Driving
(degrees) Force Force FS Comme