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HIGHEST MEASURED WATER LEVELS

O
e * 81 905 ..w"@'g
’e?;h;g;g@s s
% HORALY o
\‘\\{?w““‘

Q-2 {1



SKYLINE LANDFILL

HISTORIC WATER LEVEL MEASUREMENTS
BORINGS AND PIEZOMETERS

See Table E-11 and E-12 in Attachment E for detailed |i
and piezometers. This table summarizes the highest e
summarizes the highest ever recorded at each location
abandoned and highest level recorded will not change.

For clustered piezometers or borin
water is shown on the table.

Biggs & Mathews Environmental
MAPROJM01\01\20\P\PART 3 ATT D7.DOC

D7-A-1

S.ate of Highest D.ate of Highest
Location iphest Measured Location Highest Measured Water
Measured Measured
Water Level Level
Level Level

P-1 Mar-88 446.00 CB-26 May-87 436.7

P-3 Feb-93 437.45 CB-28 Apr-91 4127

P-6 Mar-88 461.20 CB-34 Apr-91 456.4

P-7 Mar-88 436.90 CB-36 Apr-91 419.5

P-9 Apr-91 445 31 CB-44 Apr-91 465.0

P-15 Aug-91 497.35 CB-47 Apr-91 457.4

P-17 Apr-93 482.79 CB-48 Apr-91 482.9

P-19 Dec-90 456.20 CB-50 May-91 478.4

p-24 Feb-93 402.53 CB-51 Apr-91 488.8

P-26 Feb-93 457 .58 CB-52 May-91 473.1
p-27 Apr-93 407.75

P-28 Apr-93 426.45 B-2 Aug-83 440.0

P-29 Feb-93 453.25 B-3 Aug-83 448.5

P-32 Jun-91 459 35 B-4 Aug-83 438.0

P-36 Jun-93 490.52 B-6 Aug-83 488.0

B-9 Aug-83 426.0

B-11 Aug-83 398.0

st of all water levels recorded for these borings

ver recorded piezometers. This table
. These borings and piezometers have been

gs that were close together, the location with the highest recorded

Skyline Landfill
Rev. 1, 8/17/12
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SKYLINE LANDFILL

APPENDIX D7-B
TEMPORARY DEWATERING SYSTEM

Includes pages D7-B-1 through D7-B-4



Prep by: DLC Skyline Landfiil Chkd by: SAB
Date: B/7/12 . Date: 8117112
Temporary Dewatering Inflow Rate

Required: Determine the inflow rate to the sidestope trench drain of the temporary dewatering system;
References: Dewatering and Groundwater Control, UFC 3-220-05, January 2004 (replaces TM 5-818-5).
Assumptions: The temporary dewatering system will be designed for the highest recorded water levels (see Drawing D7A-1).

The dewatering system plan and details are shown on Prawings D3.7 And D3.8.
The boundary of the uppermost ground water bearing unit (GWBU) is at the top of Stratum If as demonsirated

in Attachment E.

Solution: Sidewall Drain
The sidewall drain consists of a geocomposite blanket that discharges into the composite trench drain. The
geccomgposite will extend to the highest measured water level. The critical section will ogour in Cell 18 where
Stratum | daylights in the excavation sideslope and the highest measured groundwater level is the highest. The
critical sidewalf drain section is shown below.

- EL 467

BRAINAGE GECCOMPOSITE .
\ e HIGHEST MEASLURED GROUNDWATER
- STRATUM |

EXCAVATION SURFACE

STRATUM #
EL 890 SIDEWALL TRENCH DRAIN

WORST CASE GROUNDWATER DEFTH - CELL 18 SIDESLOPE (NTS)

! H, = design water height = : 32 ft
H; = trench drain height = 3 ft
H = saturated layer thickness { H, -H, ) = 29 ft
L = length of trench drain 1840 #

Use Darcy's equation to estimate the inflow into the toe drain.

Q=KiA
where: @ = design flowrate
K = hydraulic conductivity of GWBU = 1.00E-07 cm/sec
= 3.28E-09 fps
i = average hydraulic gradient (see Appendix E8): 0.023 fi/ft
{based on June 2010 potentiometric surface average)
A=flowarea(HxL)= 56260 sf

Q= 4,25E-06 cfs

Biggs & Mathews Envircnmental Skyline Landfill
M:AProji 10101120\ Part 3 Att D App D7 Rev. 1, 81712
INFLOW RATE D7-B-1 Altachment D7, Appendix D7-8



Prep by: DLC Sky"ne Landfill Chkd by: SAB
Date: 8/17/12 . Date: 81712
Temporary Dewatering System

Required: Size the following elements of the temporary dewatering system:
1) Composite Drains
2) Pump
References: 1) KTC-97-5, SPR-92-143, "Performance and Cost Effectiveness of Pavement Edge Drains",

L. John Fleckenstein, Kentucky Transportation Center, 1987.

Assumptions: 1) The dewatering systern plan and details are shown on Drawings D3.7 And D3.8.
2) The largest flow in a composite drain will be the french drain on the Cell 18 sideslope.
3) Flow rates are from the inflow rate calculations.

Solution 1} Maximum flowrate equals combined underdrain and sidewall flowrate.
Q = maximum flowrate = 4.25E-06 cfs
= 1.91E-03 gpm
Flow capacity of 12" ADS Composite Drain = 39.0 gpm

2) Use the maximum flowrate to the sump to size the pump with a 1.5 factor of safety.

Q, = pumping rate = 2.86E-03 gpm
Biggs & Mathews Environmental Skyline Landfill
MAPre MO 101V 200P\Part 3 Att D App D7 Rev.1, 8/17/12
07-B-2 Attachment D7, Appendix D7-8

DEWATERING



Prep by: BLC
Date: 8/17/12

Required:

References:

Assumptions:

Solution:

Biggs & Mathews Environmental
MAProp 10 10 1VI20\PPart 3 Al D App 7

GEOTEXTILE

Skyline Landfilf %f::gbghgﬁg
Temporary Dewatering Geosynthetic Design '

Determine the minimum geosynthetic properties for temporary dewatering system:
1) Geotextile for the composite drain.
2) Gecomposite for the sidewal! drain.
1) Designing with Geosynthetics, Fourth Editions; Robert M. Koerner.

1) The adjacent soils will have at least 50% finer than the No. 200 sieve.

1) Geotextile
Calculate the required permittivity from the equation:

¥oq =G/ /A HA

where: ¥, = permittivity

g = peak inflow rate = 4.25E-06 cfs

Ah = maximum allowable head = 301t

L = trench length = 950 ft

H = drain height = T.0#

A =inflow area =L x 2H = 1960.0 sf
Substitute and solve for required permittivity = 7.448E-10 sec”

Caleulate the allowabe permittivity from Reference 1, Equation 2.25.

Froq = Yoy (1/RF 5o X RF o X RFy X RF oo X RF gg)

where:  RF g = soll clogging/binding reduction factor = 7.0 {Ref. 1, Table 2.12)
RF ~5 = creep reduction factor = 1.5 (Ref. 1, Table 212}
RF w = intrusion reduction factor = . 1.2 (Ref. 1, Table 2,12)
RF ¢¢ = chemical clogging reduction factor = 1.0 {Ref. 1, Table 2.12)
RF 5 = biological clogging reduction factor = 1.0 (Ref, 1, Table 2.12)
Substitute and solve for ailowable permittivity = 9.4E-09 sec”’

Determine the appropriate soil retantion criteria from Reference 1, Figure 2.4,
For fine-grained, non-dispersive soifs the AOS must be less than 0.21mm.
2) Geocomposite

Required transmissivity (T ,eq) = inflow rate / max drainage width

where:  inflow rate = 4.25E-06 cfs
max drainage width = 120 ft
T o = 3.54E-08 ft'/sec

Skykne Landfill
Rev. 1, 8/17/12
D7-B-3 Attachment D7, Appendix D7-B



Frep by DL Skyline Landfill Cokd by: SAB
2le:

. . . Date: 817/12
Temporary Dewatering Geosynthetic Design
Calculate the allowable transmissivity from Reference 1, Equation 4.5.
Tar = Troq (RF scp X RF cp XRF ), XRFce XRF a0}
where: RF g5 = soil cloggingfbinding reduction factor = 7.0 (Ref. 1, Table 2.12)
RF ¢r = creep reduction factor = 1.5 (Ref. 1, Table 2.12)
RF e = intrusion reduction factor = 1.2 (Ref. 1, Table 2.12)
RF cc = chemical clogging reduction factor = 1.0 (Ref. 1, Table 2.12)
RF gc = biclogical clegging reduction fagtor = 1.0 (Ref. 1, Table 2.12)
Tu= 44BE-07 ftiisec
= 444E-08 mPfsec
Bigys & Mathews Environmental Skyiine Landfill
MAProft0 NG 1\ 20\P\Pant 3 Att D App D7 Rev. 1, 8/17/12

GEQTEXTILE D7-B-4 Aftachment D7, Appendix [7-B



SKYLINE LANDFILL

APPENDIX D7-C
BALLAST CALCULATIONS

Includes pages D7-C-1 through D7-C-6



G Determine the resisting pressure of the protective cover soil against uplift of the
bottom and sidewall liner system including normal, vertical, and horizontal
components of the resisting pressures as follows:

1. Bottom Liner: Determine the normal resisting pressure at the GM using
the unit weight of the protective cover times the thickness of the
protective cover.

Ry =( Yec Tpc)

Where:  y,,
Toi

Wet unit weight of the protective cover
Thickness of the protective cover

Inn

The unit weight of the protective cover shall be determined from field
measured unit weights.

2. Sidewall Liner:

(a) Determine the vertical resisting pressure of the sidewall liner using
the unit weight of the protective cover material times the vertical
thickness of the protective cover layer. This is equal to the normal
resisting pressure divided by the cosine of the slope angle.

R.=Rn/ cos g

(b) Determine the horizontal resisting pressure of the sidewall liner
using the coefficient of at-rest earth pressure of the liner system
components times the vertical resisting pressure.

R,l—,‘ =Ko RV

The coefficient of at-rest earth pressure, Ko, is based on the
assumed angle of internal friction, ¢, of the material resisting
hydrostatic pressures (compacted soil).

(c) Determine the normal resisting pressure of the sidewall liner
system using the normal components of the horizontal and
vertical resisting pressures calculated in steps (a) and (b) above.

Ry = Ry sin  + Ry cos f3

D. Evaluate the factor of safety against uplift of the bottom and sidewall liner system
due to hydrostatic pressures.

1. Bottom Liner: Determine the factor of safety against uplift of the bottom
liner system due to hydrostatic forces acting normal to the base of the
bottom liner system.

FS = RN/PN
Biggs & Mathews Environmental D7-C-2 Skyline Landfill

MAPROJMO1\01V120\P\PART 3 ATT D7.DOC Rev. 1, 8/17/12
Attachment D7, Appendix D7-C



If the factor of safety is greater than or equal to 1.2, the protective cover
provides sufficient ballast to offset the hydrostatic uplift forces.

If the factor of safety is less than 1.2, additional ballast in the form of solid
waste or additional soil will be necessary to offset the hydrostatic forces.
See Step E for determining the geometry of solid waste or additional
ballast.

2. Sidewall Liner:

Determine the factor of safety against uplift of the sidewall liner system
due to hydrostatic pressures acting normal, vertical, and horizontal to the
sidewall liner system.

;a) FSy = RN/PN
(b! FSV = RV/PV
{C) FSy = RH/PH

If the factors of safety are greater than or equal to 1.2, the protective
cover provides sufficient ballast to offset the hydrostatic forces.

If the factor of safety is less than 1.2 for any of the components (normal,
vertical, or horizontal), additional ballast in the form of solid waste or
“additional soil will be necessary to offset the hydrostatic forces. See
Step E for determining the geometry of solid waste or additional soil ballast.

E. Use a factor of safety of 1.5 against uplift of the liner and ballast system for solid
waste ballast i 1

Assume a unit weight of 44 pcf for solid waste and a unit weight of 100 pcf for
soil if field measurements are not available, or if conditions indicate the field
measurements are no longer applicable.

1. Bottom Liner

The factor of safety against uplift of the liner and ballast system is
calculated as follows:

FS=(RN+BN)/PN

Where Ry = Normal protective cover pressure
By = Normal ballast pressure
By = Hsw * yss_(Height and unit weight of solid waste ballast)
FS = 1.5 for waste—+-2forsoil

Solving the above equation for the height of ballast:
H= (FS PN'—RN)/}/

Biggs & Mathews Environmental D7-C-3 Skyline Landfil

MAPROMNONOT\120\P\PART 3 ATT D7.DOC Rev. 1, 8/17/12
Attachment D7, Appendix D7-C



2. Sidewall Liner

The factor of safety against uplift of the liner and ballast system is
calculated as follows:

(@)  FS=(Ry+By)/Py

Where R, = Vertical protective cover pressure
By = Vertical ballast pressure
By = H*y
FS = 1.5 for waste—+-2forsoil

Solving the above equation for the height of ballast:
H=(FSPy-R))/y

(b) FS =(Ry + By) /Py

Where R, = Horizontal protective cover pressure
By = Horizontal ballast pressure
BH - BV % Ko
By = H*y*0.7
FS = 1.5 for waste, 1.2 for soil

Solving the above equation for the height of ballast:
H=(FSPH—RH)/}’*k()

(c) FS = ((R,+B,)cosB + (Ry+By)sinB) / P,

Example calculations are provided on pages D7-C-5 through D7-C-6.

Biggs & Mathews Environmental D7-C-4 Skyline Landfill
MAPROMOT\O\120\P\PART 3 ATT D7.DOC Rev. 1,8/17/12
Attachment D7, Appendix D7-C



Chkd by DLC
Date: 817112

Prep by: SAB
Date: 8/17112

Skyline Landfill
Exampie Ballast Calculation

Required: Example calculation to evaluate the fong-tesm hydrostatic uplif pressures on the liner system and determine the
baltast requirements.
Assumptions: 1} The design water elevations are shown on Drawing D7A-1.
2} All cefls must be re-evaluated based on updated groundwater data prior to construction.
3) Assume normal and vertical forces o be the same in the bottom, and design for normai forces.
4} Uplift is evaluated at the clay liner geomembrane interface.
5) Groundwater is present in Stratum | but not in Stratum Il as dermonstrated in Attachment E.
Solution: Calculations are shown. for the sideslope of Cell 18 where the exposed Stratum ¥ material has the
highest groundwater potential.
The forces acting upon the finer system are:
Py = normal pressure Ry = normal resistance
P = vertical pressure Ry = verical resistance
Py = horizontal pressure Ry = horizontal resistance
Section B 1) Determine the uplift pressure upon the FML at the bottom and at the toe of the slopes.
Yw = unit weight of water = 62.4 pcf
Graundwater elevation = 467 ft-msl
Liner elevation = 437 ft-msi
H = design water leve! above liner = 30 ft
b = sidewall slope = 11.3 deg
Equation B1 Bottom Py =Hy, = 1872.0 psf (No groundwater pressure acts at toe/bottom
calculation provided only for future reference)
Eguaticn B2(a} Slope Py=Hy, = 1872.0 psf
Equation B2(b) Py =Pyeoosg = 1835.7 psf
Equation B2(c) Pny=Pysing = 366.8 psf

Section C 2) Determine the resistance pressure of protective cover at the bottom and on the slope.
Protective cover:

¥ = density (2% std proctor or field data) = 115.0 pcf

Tw =normal thickness = 201t

Ty = vertical thickness = 2.04 ft

# = angle of infernal friction = 11.3 deg
Equation C1 Bottom Ry =y, Ty = 230.0 psf (No groundwater pressure acts at toe/botiom

caiculation pravided only for future reference)

Equation C2(a) Slope Ry =Ry /cosp 234.5 psf
Equation C2(b} Ry =k, Ry = 117.3 psf (k, assumed as 0.5)
Equation C2(c} Ry = Rysinf +Rycosp = 253.0 psf

Section D 3} Petermine the faclors of safety against uplift and evaluate the need for additional ballast.

Equation D1 Bottom FSy=Ry/Py = 0.1 (No groundwater pressure acts at toe/bottom -
caloulation provided only for future reference)

Equation D2(a) Slope FSy=Ry/Py= 0.1

Equation D2(b) FSy =Ry /Py = 0.1

Equation D2(c) FSu =Ry /Py = 0.3

The factor of safety for protective cover providing baltast against hydrostatic uplift is Jess than 1.2,
Evaluate the height of waste batlast required to provide a factor of safety of at least 1.5.

Skyline Landfil
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Example Ballast Calculation

Yew = Unit weight of solid waste = 44.0 pcf
Section £
Equation E1 Bottom FS=(Ry +8,}/Py (No groundwater pressure acts at toe/bottom -
caiculation provided only for future reference)
Equation £2(a) Slope FS=(R, +B,)/P,
ForFS=15 H=(FS*P, - R}/ Yay
H= 57.3 ft
Equation £2(b) FS=(Ry+B,) /P,
ForFS=15 H= (FS*Py - Ru) / (yaw'ko)
H = 19.7 ft
Using waste height calculated for vertical forces, check FS with rormal forces:
For H,, = 57.3 ft
Equation E2(c) FS=((R,+B,)cosB + (R, +8,)sinB) / P,
FS= 1.8 Factor of safety is greater than 1.5 so vertical forces conirol
This example calculation was performed at the location in Ceil 18 that has the largest hydrostatic force
at the site based on the highest measured groundwater map included in Appendix D7-A .
The GP will evaluate the highest measured water levels to determine where: the largest hydrostatic force is
located and perform these calculations to determine how much ballast is required when preparing the
Ballast Evaiuation Report for submittal to the TCEQ prior to decommissioning any dewatering system,
Biggs & Mathews Environmental Sky'ine Landfiit
MRG0 T01120P\Part 3 Mt D App D7 Rev. 1,817/12
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