Golder

L7/ Associates

August 8, 2016

Mr. Scott Lockwood, PE
England-Thims & Miller, Inc.
14775 Old St. Augustine Road
Jacksonville, FL 32258

RE: CLOSURE DESIGN SUPPORT
TRAIL RIDGE LANDFILL
DUVAL COUNTY, JACKSONVILLE, FLORIDA

Dear Mr. Lockwood:

123-82739.1

Golder Associates Inc. (Golder) has prepared the attached design calculations to document the equivalency
and adequate slope stability of using the Agru Super Gripnet® with geotextile as the drainage and barrier
layers for the top deck area at Trail Ridge Landfill. The calculations demonstrate equivalency for the
drainage layer (previously sand drainage layer). Additionally, the calculations document adequate slope

stability for the geosynthetic final cover system.
Please contact the undersigned at (904) 363-3430 should you have any questions.
Sincerely,

GOLDER ASSOCIATES INC.

(\‘\. e 7
Samuel F. Stafford, PE Don E. Grigg, PE
Senior Project Engineer Senior Engineer
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Kevin S. Brown, PE
Senior Consultant and Principal

Attachments:  Final Cover Slope Stability Calculation
Final Cover — Geocomposite Transmissivity Calculation

DEG/KSB/ams

FN: G:\Projects\123\123-82\123-82639\-1\Correspondence\Equivalency and Stability sfs.docx

Golder Associates Inc.
9428 Baymeadows Road, Suite 400
Jacksonville, FL 32256 USA
Tel: (904) 363-3430 Fax: (904) 363-3445 www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation
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Mr. Scott Lockwood
England-Thims & Miller, Inc.

August 8, 2016
123-82739.1

PROFESSIONAL ENGINEER CERTIFICATION

| certify that the veneer stability and transmissivity calculations associated with the final cover design for
the top area at Trail Ridge Landfill were performed under my direction and | have checked them for

completeness and accuracy. Specifically, this information includes:

1. Final Cover Slope Stability calculation (dated June 20, 2016)

2. Final Cover — Geocomposite Transmissivity calculation (dated August 24, 2013)
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SUBJECT: FINAL COVER SLOPE STABILITY

Ref. :

i ASSOClateS INCREMENTAL CLOSURE Reviewed KSB Date

‘ Job No. 123-82639.1 Made by DEG
E Golder < TRAIL RIDGE LANDFILL Checked SFS Sheet

1 of 32
6/20/2016

OBJECTIVE:
1. Analyze the stability of the final cover system and determine the factor of safety during and after landfill construction .

2. Determine the stability of the landfill including seepage loading conditions

GEOMETRY:
Slope is 4 %
24-inch cover soil layer
SOLID WASTE Geomembrane with geotextile
Figure-1
METHOD:
GOLDER RECOMMENDED FACTORS OF SAFETY FOR LANDFILL FINAL COVER ARE AS BELOW
During Construction

shear strength ) Long lerm
Shear Strength (Short term Long Term
Design 1.1 15,11°

#Recommended factor of safety with seepage forces included
If the calculated factors of safety exceeds the recommended factors of safety for landfill final cover, then the stability
of the final cover meets the requirement.

Design Parameters:
Top Elevation of Cover:  349.00 ft
Approximate Toe Elevation:  329.00 ft

Material Properties (ref. 1)

Material c (psf) Cq (psf) o (°) 5(°) Y (pcf) Thickness (ft)

Cover soil 0 - 38 - 103 2.00

waste/geomembrane with
getotextile/cover soil

- 30 - 0.02

Where: ¢ = Cohension of the cover soil
¢, = Adhesion between cover soil of the active wedge and the geosynthetics (geomembrane and geotextile)
S = Interface friction angle between cover soil and geosynthetics (geomembrane and geotextile)
¢ = Friction Angle of cover soil
y = Unit weight of the cover soil

Slope Angle = B ()= 23
Slope Height = 20.00 ft (H)

Final Cover Veneer Stability.xIsxG:\Projects\123\123-82\123-82639\-1\600_Calculations\Final Cover Veneer Stability.xlsx




SUBJECT: FINAL COVER SLOPE STABILITY

i Job No. 123-82639.1 Made by
= Golder Ref. : TRAIL RIDGE LANDFILL Checked
INCREMENTAL CLOSURE

L7 Associates Reviewed

DEG

SFS
KSB

Sheet
Date

2 of 32
6/20/2016

CALCULATIONS:

LONG TERM VENEER STABILITY based on Koerner/Soong Method (page 487 to 490, ref. 2)

Using the Koerner/Soong Method, the factor of safety is calculated using the following equation (Eq. 13.9, ref. 2)

_—bi(b2—4><a><c)°'5
2xa

FS

Where:
a=(W,-N,xcos)cosf
b =-[(W, - N, x cos B) x sin B tan ¢ + (N, xtan & + C,) x sin B x cos B + (C + W, x tan ¢) x sin g]

c= (Naxtan5+Ca)xsinZthan¢

Wa=vxh2x(L/h-1/sin[3-tan[3/2)
N;=W, xcos B
C,=cyx(L-h/sinB)

W, = (y x h?) / sin 28
C=cxh/sinp

Where:

Total weight of the active wedge

Effective force normal to the failure plane of the active wedge
Adhesive force between cover soil of the active wedge and the GCL
= Total weight of the passive wedge

Cohesive force along the failure plane of the passive wedge
Unit Weight of protective cover soil

Thickness of cover soil

Slope Angle

Length of slope measured along the geosynthetic interface
Cohension of the cover soil

Adhesion between cover soil of the active wedge and the GCL
8 = Interface friction angle between cover soil and GCL

¢ = Friction Angle of cover soil

z =
-
n n

o
i

o o< 0
won on

o
©
n

Since h and L are known for LONG-TERM Conditions, solve for the FS:
W, (Ibs/ft) = 92,684

N, (Ibs/ft) = 92,609 W, (Ibs/ft) =
C. (Ibs/ft) = 449.9600 X c, C (Ibs/ft) =

(Wa - Ny x cos B) = 148
(C+Wyxtanf) = 4030
cosB = 1.00

sinfB = 0.04

sinBxtan¢ = 0.03
sinZthan¢= 0.00

sinB xcos B = 0.04

tano¢ = 0.78

a= 147.9
- b= 165.7 + 0.04 x (N, xtan § + C,)

€= (N,xtan8+C,) x 0.00

Solve for FS:

(%) c, (psf) tan & C, (Ibs/ft)  (Naxtand + Cy) b c

Where:

h = Thickness of Cover (ft) = 2.00

B = Cover Slope Angle (°) = 2.3
Hmax = Maximum height = 20.0

(b? - 4ac)™®

5,158

L= 500.0

Factor of Safety

30.00 0 0.6 0 53,468 -2,301 67

2292.4

15.5

feet
feet

Final Cover Veneer Stability.xIsxG:\Projects\123\123-82\123-82639\-1\600_Calculations\Final Cover Veneer Stability.xlsx




SUBJECT: FINAL COVER SLOPE STABILITY
5% Job No. 123-82639.1 Made by DEG
=7 GOldﬁl' Ref. TRAIL RIDGE LANDFILL Checked SFS Sheet 3 of 32
INCREMENTAL CLOSURE
ASSOClates Reviewed KSB Date 6/20/2016
SHORT TERM CONDITIONS ( Dozer on the slope without acceleration)
Veneer Stability based on Koerner/Soong Method (page 490-497, ref. 2)
—b+(*>-4xaxc)®®
FS= ( )
2xa
Where:
a = (Wase - Nase X COS B) cOs B
b = -[(Wase - Nase X cOs B) x sin B x tan ¢ + (Na.e x tan & + C,) x sin B x cos B + (C + W, x tan ) x sin B]
¢ = (Nae Xtan & + C,) x sin 2 B x tan &)
W, =yx h?x (L/h-1/sinB-tanB/2)
W, = Equipment Weight, see below
Wa+e = Wa + We
Nave = Wase X COS B
C,=cyx (L -h/sinB)
W, = (y x h?) / sin 28
C=cxh/sinp
The definitions of all the parameters are as same as those in long term FS caculation except W, W1, and Na.e
For SHORT-Term Conditions, look at 6 inches of soil being placed up slope with a Low Ground Pressure Dozer
Lshon term™ 500.0 ft
Nshort term™= 2.00 ft
f= 38.00 degrees
c= 0.00 psf
Y soil cover = 103.00 pcf
Determination of W, (See attached dozer specifications from manufacturer, ref. 3):
Width of Dozer Track = 3.00 ft
Contact Area = 32.13 sq.ft.
Ground Pressure = 9.5 psi
Influence factor (I) = 0.95 (obtained from Figure 13.7, page 493, ref. 2)
Ground Pressure at Geosynthetics = 1,304.8 psf
Length of Dozer Track = 10.7 ft
We= 13,975 Ibs/ft
W,tW, (Ibs/ft) = 106,658
Na+e (Ibs/ft) = 106,573 W, (Ibs/ft) = 5,158
C, (Ibs/ft) = 450 x ¢, C (Ibs/ft) = 0
(Wase - Nave X cOS B) = 170
(C+Wpxtanf)= 4,030
cos B = 1.00
sinB = 0.04
sinBxtan¢ = 0.03
sin?Bxtan ¢ = 0.00
sinBxcosB = 0.04
tan ¢ = 0.78
a= 170.2
-b= 166.4 + 0.04 X (N...xtan & + C.)
C= (N,.xtand+C,)x 0.00
Solve for FS :
(Ng+e xtan 8 + C,) B 0
5 (%) c, (psf) tan & C. (Ibs/ft) b c (b? - 4ac)™® Factor of Safety
30.00 0.00 0.6 0.00 61,530 -2,624 77 2,614 15.4
X a Ibs/ft Htan & + C x + - x tan &

Final Cover Veneer Stability.xIsxG:\Projects\123\123-82\123-82639\-1\600_Calculations\Final Cover Veneer Stability.xlsx




SUBJECT: FINAL COVER SLOPE STABILITY
ag Job No. 123-82639.1 Made by DEG
?i = GOI(ler Ref. TRAIL RIDGE LANDFILL Checked SFS Sheet
ASSOClateS INCREMENTAL CLOSURE Reviewed KSB Date

4 of 32
6/20/2016

SEEPAGE BUILT-UP CONDITIONS

Veneer Stability based on Koerner/Soong Method (page 501-508, ref. 2)

_—b+(b*-4xaxc)®®
- 2xa

FS
Where:

a=W,sinBcosP +Uyx(1 —cosZB)

=-[Wp x tan ¢ + W, x (sin > B x tan ¢ + cos?B x tan &) -
Uan X cos B xtan d - Upy xtan ¢ + Uy x sin B x cos B x (tan ¢ - tan d)]

c= (W,xcos B-Ua +UyxsinB)xsin B xtan d x tan ¢)

Uan = Yw X hy X (H- 0.5 x hyx cos B) / tan B
U,..=0.5xv,,\,xh,,\,2
Upn = 0.5 X vy X W2/ tan B

W,=05x[yx(h-hy)x(2xHxcosB-h-hy)+
Ysat X hy X (2 x H x cos B - h,)] / (sin B x cos B)

W, = 0.5 x [y x (h?- h,?) + Year X D] / (sin B X cos B)

Uy = Resultant of the pore water pressures acting on lateral side of the active wedge
or passive wedge

Upn = Resultant of the pore water pressures acting on bottom of the passive wedge
Uan = Resultant of the pore water pressures acting on bottom of the active wedge

h = Thickness of the soil layer

hy, = Depth of seepage water in the soil layer (perpendicular to the slope)

Yw = Unit weight of water

Yy = Moisture unit weight of the soil layer
Vsat = Saturated unit weight of the soil layer

Other paramters are same as in the above calculations

Yo = 62.4 Ib/ft®
hy= 24.00 inches (Conservative, assumes 100% of the soil layer is saturated).
H= 20.0 ft
Ysat = 113 b/t (Assumed)
Uan = 59,282 |ps/ft
Uy = 124.80 |ps/ft
Upy = 3,120.00 Ibs/ft
W, = 107,431 lbs/ft
W, = 5,659 Ibslft
Wp x tan ¢ = 4421 sin?Bxtan ¢ = 0.00
Upy X tan ¢= 2,437.61 sinB = 0.04
Uy xsin B xcos B = 4.9840 tan ¢ = 0.78
cos?B = 1.00
cos B = 1.00
a= 4291
-b= 2122 4+ 48,019.60 xtan &
c= 1501.0 xtan &
x tan 8
5 (°) c, (psf) tan & b c (b2 - 4ac)™® Factor of Safety
30.0 0.0 0.577 -29,846 867 29,596 6.9

Figure -2

Final Cover Veneer Stability.xIsxG:\Projects\123\123-82\123-82639\-1\600_Calculations\Final Cover Veneer Stability.xlsx




SUBJECT:

FINAL COVER SLOPE STABILITY

é Job No. 123-82639.1 Made by DEG
=7 GOldﬁl' Ref. TRAIL RIDGE LANDFILL Checked SFS Sheet 5 of 32
INCREMENTAL CLOSURE
ASSOClates Reviewed KSB Date 6/20/2016
CONCLUSION:
SUMMARY OF RESULTS
RECOMMENDED MEET
CASE ANALYZED FACTOR OF ESTIMATED FACTOR OF SAFETY REOUIREMENT
SAFETY Q
Long Term using Design Shear 15 155 Yes
Strength
Short Term using Design Shear
Strength - with dozer on the Slope 1.1 154 Yes
Seepage Analysis 1.1 6.9 Yes

Therefore, the stablity of the final cover meets the recommended factors of safety.

REFERENCES:

1. Material Properties - data take from ETM email dated 6/20/16.

2. Qian, X., Koerner, R. M., Gray, D. H., Geotechnical Aspects of Landfill Design and Construction, Prentice Hall, New Jersery, US, 2002.

3. Dozer Specifications from Manufacturer

4. Agru Material Manufacturer Information

Final Cover Veneer Stability.xIsxG:\Projects\123\123-82\123-82639\-1\600_Calculations\Final Cover Veneer Stability.xlsx




FIGURE 1
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(A" Golder
Assoc1ates CALCULATIONS

Date: July 24, 2013 Prepared by: S. Stafford
Project No.: 123-82639 Checked by: /jec 3/5/2013
Subject: ETM/TRLF Final Cover Reviewed by: |39}  3/isha¢”
Geosynthetics/FL
Project Short Title: FINAL COVER - GEOCOMPOSITE TRANSMISSIVITY
TRAIL RIDGE LANDFILL
OBJECTIVE

Determine the required transmissivily of geocomposite for final cover based on the designed drainage
layer of 1.0 feet (30 cm) of sand with a hydraulic conductivity of 1.0x10™ cm/sec.

REFERENCES
1. “Dasigning with Geosynthetics™; Koerner, 4™ Edition
2. “Design of Lateral Drainage Syslems for Landfills”, Giroud, Richardson, & Zhao, 2000.
3. “Determination of the Allowable Flow Rate of a Drainage Geocomposite”, GRI Standard GC8
4. “The Myth of Hydraulic Transmissivity Equivalency Between Geosynthelic and Granular
Liquid Collection Layers", Giroud el. al., 2000
METHOD AND CALCULATIONS
TRANSMISSIVITY OF NATURAL DRAINAGE LAYER (SAND)

The transmissivity of the designed sand drainage layer is calculated using the following equation:
Osanp =k + t

Where:
85 4np= Transmissivily of sand layer, m*/sec
k = sand hydraulic conductivity = 1.0x10° cm/sec = 1.0x10™ m/sec
t = thickness of drainage layer=1foot =30 cm = 0.3 m
Therefore, the transmissivity of the sand drainage layer (8s4xp) is 3.0x10°® m¥/sec.

Using a drainage faclor of safety of 2 for the sand drainage layer, the allowable transmissivity
(BarLow sawn) ©f the natural drainage layer is 6.0x10°% m¥sec.

EQUIVALENCY OF GEOSYNTHETIC AND NATURAL DRAINS

Equivalency between the natural sand drainage layer and a drainage geocomposite must take into
consideration the flow gradients and flow depths. The thicker natural drainage layer can support larger
gradients and flow depth, therefore the minimum transmissivity of the drainage geocompasite must be
greater than the lransmissivity of the natural drainage layer by an equivalence factor (E).

Galder Associates Inc
8428 Baymeadows Road, Suile 400
Jacksonville, Fl. 32256 USA
Tel: {904) 363-3430 Fax: (904} 353.3445 www.goldar com

Golder Associntes: Operotions in Alrica, Asia. Ausiralasia, Europe, North America and South America

Golder, Galder Associates and tha GA globe design are trademarks of Golder Associales Corporation



Trail Ridge Landfill June 25, 2013
Final Cover Geocomposite Transmissivity 2 123-82639

The equivalence factor {£) for a natural drainage layer having a maximum flow depth of 30 cm (11t} is
calculated using the following equation (Giroud, et. al.):

0.88 [1 + (0.3&15 » L) (::: g)]

Where:
L = Slope length=575ft=175m

E

III

B = Slope of drainage layers = 4.0% = 2.3°

Therefore, the equivalence factor (E) is 1.32.

The required transmissivity of the geocomposite is therefore calculated as:

Oregceo = BarLow sanp * E

GREQ GEQ = 7.9x1 0.E mzlsec

The allowable transmissivity (fggo actow) ©f the geocomposite can be calculated from the following
equation:

B6eo acow = Bgeoreq ' FSp ' RFep - RFyy - RF¢c - RFpe

Where:

B5£0 ausow = Allowable Geocomposite Transmissivity, m*/sec

fss0 neg = Required Geocomposite Transmissivity = 7.9x10° m%/sec
FS, = Drainage Factor of Safety = 2.0

RF.-p = Reduction factor of long-term creep = 1.4

RF;y = Reduction factor of intrusion = 1.2

RF.. = Reduction factor for chemical clogging = 1.5

RFy. = Reduction factor for biological clogging = 1.2

Therefore the allowable transmissivity (8geo artow) is 4.8x10° m%/sec.
The specified transmissivity of the geocomposite {(or geosynthetic drainage layer) should be set equal to

or greater than the allowable transmissivity. Agru 50-mil LLDPE Super Grlpnet Llner with 8 0z. non-
woven geotextile has an estimated transmissivity ranging from 1.2x10° to 9.8x10™ m?/sec.

FN: Gr\Projectst1231123-821123-82639\600_Calculations\Geocomp Trans Calc - Final Cover_rev.docx

.g Golder
Gaocomp Trans Calc - Final Cover_rev.docx ASSOClateS



	Final Cover Membrane Calcs.pdf
	Veneer




