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Purpose of Calculation

Verify that the 1996 anchor trench calculation to determine trench dimensions is applicable for
liner members proposed in the 2007 design.

Method
e Compare total liner stresses (tensile loads) of 2007 liner members and 1996 liner members.
e Compare yield strengths of 2007 liner members and 1996 liner members.

Approach

‘The anchor trench is designed to withstand the total stresses of the liner side slope members. The
anchor trench has the following configuration.

CRIFICIAL LINER
NON—-WOVEN GEOTEXTILE
LCRS SLOPE GEONET

HORIZONTAL
CONTROL LINE

80 mil HDPE FML,
TEXTURED BOTTOM SIDE ONLY

DS DOUBLE-SIDED GEOCOMPOSITE

60 mil HDPE FML,
TEXTURED BOTH SIDES

GCL

_(TYP. EACH LIFT)

Total induced liner stresses due to gravity load, thermal expansion/contraction, seismic
deformation, and settlement of waste fill in the 2007 design and detailed in the Liner Stresses
Calculation done by AAT, August 13, 2007 was compared to stresses evaluated in the 1996
design as shown in the table below. These are the stresses considered normal during construction
and operation of the landfill trench. The members are combined in zones. Zone 1 includes the
upper geotextile and LCRS geonet, Zone 2 includes the primary geomembrane and LDS
geocomposite, and Zone 3 includes the secondary geomembrane and GCL. A safety factor of 4
is used for the minimum required anchor capacity as was done in the 1996 calculation.
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Zone Material Total Zone Zone Total Zone Zone
Induced Stresses | Stress with Induced Stresses Stress
Liner (Ibs/in) x4 FS Liner (Ibs/in) | with x4
Stresses 1996 (Ibs/in) Stresses 2007 FS
(Ibs/in) Design 1996 (Ibs/in) Design (Ibs/in)
1996 Design | 2007 Design 1996
Design Design
1 Geotextile 12 23.3 93.2 12.1 22.3 89.2
Geonet 11.3 10.2
2 100-mil HDPE/80- 10.6 10.6 424 8.7 10.0 40.0
mil HDPE
Geocomposite 0 1.3
3 80-mil HDPE/60- 9 114 45.6 6.8 10.3 41.2
mil HDPE
GCL 24 3.5

Since all of the zone stresses in the 2007 design are less than the 1996 design, the anchor trench
design as presented in the 1996 design prevents pull-out.

The anchor trench capacity also is designed to exceed the yield strength of the stronger material
in each zone such that the liner members will yield before being pulled out in the event of
unforeseen incident. Localized liner member failure is preferred over pull-out at trenches.
Localized liner member failures should be more easily repairable than an anchor trench pull-out.

Yield strengths were compared in the table below.

Zone Material Yield Strength Strongest Yield Strength Strongest
eference for (b/in) Yield per (Ib/in) Yield per Zone
(r 0; t‘:;’ " 1996 Design | Zone (Ibs/in) | 2007 Design (bs/in)
product data) 1996 Design 1996 Design
1 Geotextile 150 150 140 140
Geonet 50 45
2 100-mil HDPE/80- 240 240 168 168
mil HDPE
Geocompdsite Not Reported 78!
3 80-mil HDPE/60-mil 192 192 126 126
HDPE
GCL 37.5 50

-Comparis(m in each zone shows that all yield strengths are highest in the 1996 design; therefore,
using the 1996 anchor trench design is sufficiently conservative relative to anchor trench pull-

out.
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Results

Total liner stresses (by zone) for 2007 liner members are all less than those considered for 1996
liner members; therefore, the 1996 anchor trench design is sufficiently conservative for use in the

2007 design update. ‘

Yield strengths (by zone) for 2007 liner members are all less than 1996 liner members; therefore,
liner members should yield prior to being pulled out of the anchor trench. The 1996 anchor
trench design is sufficiently conservative for use in the 2007 design update.
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Table 2: Liner Properties Considered in 2007 Design
Liner Material Unit Weight Self Weight Accumulated Weight
(reference for product data) (bs/ft*2) - (bs/ft) (bs/ft)
Non-woven Geotextile 0.069 5.8 5.8
(GSE NW10; GEO 1008002)
Geonet 0.17 14 20
(GSE HyperNet XI1.4000N004) B
80-mil HDPE 0.37 31 51
(GSE HST 080G000 - textured on one side)
Double-sided Geocomposite 0.25 21 72
(GSE Fabrinet with double sided 6 ounce/yd®
geotextile)
60-mil HDPE 0.28 24 96
(GSE HD 060G000 —textured both sides)
GCL 1.22 103 198
(CETCO Bentomat DN)

The 2007 design Geonet and weight was obtained from a phone conversation with the
manufacturer’s technical representative. Geonets are not commonly measured for unit weight.

Table2: Material Strengths

Material
(reference for product data)
Geotextile
Geonet 50 45
100-mil HDPE/80-mil HDPE 240 : 168
Geocomposite Not Reported 78"
80-mil HDPE/60-mil HDPE . 192 126
GCL 375 50

1 Yield strength obtained in phone conversation with manufacturer’s representative

This calculation analyzes strength for liner materials proposed for use in Trench 12 at US
Ecology’s Beatty, Nevada facility. Stresses and strains on liner materials are estimated from the
self weight of the liners, thermal expansion, seismic deformation, and settlement of the waste fill.
The total induced stress from these factors is compared to estimated allowable stresses on the
liner materials from estimated factors of safety that are assumed to be conservative.

The liner materials will be placed on a 0.5:1 slope (an angle of 63.4° below horizontal). The
trench will be 75 feet deep resulting in a slope length of 84 feet.

Self Weight Forces on Liner Members and Tensile Loads
Assuming stable slopes, the load due to gravity (tensile load) on the liners is due to self weight
(shown in the tables above). The weight on the liner members accumulates for underlying liner

members.

Self Weight = unit weight * slope length
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Total J=BHE

Liner Material T, Tensile Load | Strain due to Strain due to Strain due to Strain due to
(reference for product data) Self Weight Self Weight Thermal Seismic Waste Strain
(Ibs/in) (%) Expansion (%) Deformation Settlement (%)
(%) (%)
Non-woven Geotextile
(GSE NW10; GEO 1008002) 0.36 0.13 0.0 0.2 4,0 43 12.1 i
Geonet -
(GSE HyperNet 1.03 0.53 0.5 0.2 4,0 52 10.2 1.3
XL4000N004) o
80-mil HDPE -
(GSE HST 080G000 - 1.69 0.12 0.5 0.0 0.0 0.62 8.7 1O (s
textured on one side) _
Double-sided Geocomposite )
(GSE Fabrinet with double 1.26 0.81 0.0 0.0 0.0 0.81 1.3 ¢
sided 6 ounce/yd* geotextile) —
60-mil HDPE
(GSE HD 060G000 —textured 1.56 0.15 0.5 0.0 0.0 0.65 6.8 9
both sides) . —
GCL . '
(CETCO Bentomat DN) 3.49 1.05 0.0 0.0 0.0 1.05 3.5 2.4 |
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PROJECT NUMBER: 073113 _

PROJECT NAME: USEN — Trench 12 Design, Supplemental Calculations

DATE: August 6, 2007

CALCULATION NUMBER: C.8 Revision: Update per 2007 Design

CALCULATION TITLE: LCRS Infiltration Rates

DESCRIPTION OF CALCULATION: LCRS Infiltration Rates
Determine infiltration rates into the Trench 12 Leachate Collection/Recovery System (LCRS)

by same method used for previo'usly approved calculation (1996) done for same purpos_'e.

Design change necessitating calculation update are 1) change in area of Trench 12 bottom,

and 2) change in approach to manaqging all precipitation inside Trench 12 after first waste is

disposed. All precipitation collected inside the cell, whether from floors or sidewalls, is

to be considered leachate.

REFERENCES USED: . Number of Reference Pages Attached:
Previous calc: 1996 calculation titled “LCRS Flow Capacity and Pump Sizing”
Design drawing (2007) for Trench 12

REVIEW COMMENTS:

CALCULATION MADE BY: SLW DATE:___8/6/2007
CALCULATION CHECKED BY:__CAB DATE:___8/7/2007
CALCULATION REVISED BY:___CAB DATE:___8/27/07

CALCULATION REVIEWED BY:_SLW DATE:___ 8/7/2007
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Purpose of Calculation

Determine the potential flow rate into the LCRS sump(s)

<

Method

Leachate: per discussions between USEN and NDEP (May 23, 2007 meeting), it
was agreed that after the first waste is placed all precipitation collected inside
Trench 12 must be managed as leachate.

The sidewall liner design will include an upper (sacrificial) HDPE layer whose
function will be to protect the liner components from direct exposure to solar UV
radiation (and potential material deterioration from long-term UV exposure) and
possibly to reduce the temperate change range in liner materials. That HDPE layer
also will prevent direct entry of precipitation into the leachate collection member
(geonet) of the liner system, instead routing all incident precipitation onto the cell
floor. - : .

All incident precipitation (falling on the cell floor and sidewalls) will infiltrate into
disposed waste and (ultimately) to the LCRS.

The design storm is the 25-year, 24-hr storm, when is approximately 2.0 inches,
based on Figure 28, NOAA Atlas 2, Volume ViII.

NOTE - precipitation that falls and collects within cell areas under construction (i.e.,
before waste placement) is not leachate, and can be managed by other means
appropriate to stormwater management. Management of such stormwater is not the
subject of this calculation.

Calculation Steps

Precipitation

1.

The critical period (i.e., when the greatest flow is likely to occur) for sizing the
leachate collection system is directly after placement of the two-feet thick layer of
select waste over the bottom of the cell. Infiltration likely will reach the LCRS most
quickly (after precipitation) and with least loss (i.e., moisture retention within waste)
at this point.

The attached figure shows the configuration of the three phases (cells) and
corresponding LCRS sumps of Trench 12, designated Phases 1, 2, and 3 and
Sumps 12A, 12B, and 12C. The horizontal area (foot print) of the three phases, as
determined in a separate calculation, is as follows.
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Phases LCRS Sump | Floor Area Sidewall | Total Area Design
(sq ft) Area| (acres) Precipitation*
(sq ft) (acre-feet)
1 12A ‘149,149 44,492 4.45 0.74
2 12B 122,425 28,055 © 3.45 0.58
3 12C 93,409 48,410 3.26 0.54

* = Design Precipitation = Area (acres) x (2/12 feet)

Infiltration into the LCRS

1.

No allowance is made for evaporation, so all precipitation is routed through the
disposed waste (30 inches (2.5 feet) of selected waste).

Sandy soil is assumed to comprise the select soil layer. In the Engineering
Documentation for the USEPA Help model, important properties of typical sandy soil
types are provided. Conservatively, the most permeable of the sandy soil types is
considered in this calculation.

Soil type (Unified Soil Classification System) SM

Hydraulic conductivity 5.2 x 104 cm/sec
Porosity 0.473

Field capacity 0.222

Wilting point 0.104

For cell 12A, total precipitation, and total water available for infiltration, is 0.74 acre-
feet. It is necessary to determine if saturated or unsaturated flow conditions will
control infiltration through the waste. It is assumed that the soil layer contains, at
most, sufficient moisture to be a field capacity (i.e., no gravity drainage occurs). A
unit volume (1 ft x 1 ft x 2.5 ft thick) of the SM soil layer has available pore space
(based above properties) of:

2.5 cu ft x 7.48 gallons/cu ft X (0.473 — 0.22) = 4.73 gallons
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4. The rate at which the 0.74 ac-ft (i.e., 2" over full 4.45 ac Phase 1 footprint) design
storm saturates the 1 ft x 1 ft unit volume of soil on the 3.42 ac cell floor during a 24
hour period is:

0.74 ac-ft / 3.42ac X 7.48 gallcuft X 1 day/ 1440 min = 1.12 x 10-3 gal/min for
each 1 ft x 1 ft unit volume

If the design storm occurs when the soil layer already is near Field Capacity (i.e.,
maximum moisture content without drainage), what fraction of the remaining air-
filled porosity is filled by the design storm?

Porosity, ¢ = 0.473 or 47.3% of 30 inches = 14.19 inches
FC = 0.222 or 22.2% of 30 inches = 6.66 inches
Remaining air space before storm = 14.19 — 6.66 = 7.53 inches

- Design storm = 2.inches over the full 4.45 acres of Phase 12A, which, when all
precipitation falling on the 44,492 sq ft (1.02 ac) of the Phase 12A side slopes is
routed to the cell floor, is equivalent to 2.6 inches over the 149,149 sq ft (3.42 ac)
cell floor. 2.6 inches is less than 7.53 inches, so the design storm does not fully
saturate the select waste layer unit volume. The combination of FC and design
storm moisture results in the following water-filled geometery in the unit volume:

6.66” + 2.6" = 9.26”, or 9.26" / 14.19” = 65% of available air space
This is a volumetric moisture content of:

0.222 +2.6"/ 30" = 0.222 + 0.087 = 0.309

Assuming that drainage does not begin during the design storm, 65% of the total
air space is saturated following the storm. Since 65% is less than 100%,
unsaturated flow controls drainage from the unit volume of soil (1 ftx 1 ft x 2.5 ft
thick select waste layer) following the design storm.

Laminar flow through a porous medium is estimated by d’Arcy’s Law, or
Q =Kia
Where,

Q = flow (typical unit is cu ft / min

K = hydraulic conductivity (typical unit is ft / min)

i = gradient (feet / feet or unit-less)
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a = area ;through which flow occurs (square feet)
for unsaturated flow, unsaturated hydraulic conductivity (Ku) replaces K
5. For the unsaturated flow through the select waste layer,
K = 5.2 x10-4 cm/sec or 1.02 x 10-3 ft / min
i=25ft/25ft=1.0
a=1sqft

6. Unsaturated hydraulic conductivity is estimated by Campbell’'s equation
(Engineering Documentation for the USEPA Help model):

Ku=Ks[(0—-0r)/(d—06r)]"[3+(2/1A)]
Where

Ku = unsaturated hydraulic conductivity, cm/sec
Ks = saturated hydraulic conductivity, cm/sec

0 = actual volumetric water content, vol/vol

Or = residual volumetric water content, vol/vol
¢ = total porosity, vol/vol _
A = pore-size distribution index, dimensionless

7. The residual water content, 67, is the amount of water remaining in the soil pores
under infinite capillary suction. Residual water content is estimated by Rawls (Help
documentation) as follows.

6r = 0.014 + 0.25 X Wilting Point, where WP > 0.04

In this case, WP = 0.104 and is > 0.04 and the equation is applicable. The
residual water content is:

Or=0.014+025X0.104 =0.040

8. As discussed in the Help documentation reference, residual water content and pore-
size distribution index, A, are constants in the Brooks-Corey equation relating
volumetric water content to matrix potential (capillary pressure and adsorptive
forces).
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(0 —6r)/ (90— 0r)=(yb/y)**i
Where
y = capillary pressure, bars
ys= bubbling pressure, bars

4

9. This equation is solved assuming that the volumetric water content is the field
capacity at 0.33 bars of capillary suction, y, and equal to the wilting point at 15 bars

capillary suction, yb. Solving the two equation for the values assumed for the site
soil provides the following resulits. '

Constants | Variables
Or = 0.040 _ Field capacity = 0.222 @ y = 0.33
¢ =0.473. Wilting point = 0.104 @ v = 15

Two equations in two unknowns solved on next page, results are:
yb =0.013
A =0.270

10.Assuming drainage does not start during the design storm, the volumetric water
content following the storm is:

0 = Field Capacity + 2.6" / 30"
0=0.222 + 0.087

=0.309

11. Based on the preceding, the unsaturated hydraulic conductivity is calculated as
follows using Campbell’s equation.

Ku=Ks[(0—0r)/(¢—6r)]"*[3+(2/4A)]
Ku = 1.02 x 10-3 * [(0.309-0.040) / (0.473-0.040)]**[3 + (2/0.27)]
=7.10 x 10-6 ft/min
12.Conservatively using a unit hydraulic gradient and assuming no evaporation, the

rate at which infiltration drains through and from the 2.5 feet thick select soil layer
into the LCRS per unit area (1 sq ft) is:
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Q=Ku*i*A
= (7.10 x 10-6 ft / min)(1.0)(1.0 sq ft)
=7.10 % 10-6 cu ft / min per square foot area
= 5.31 x 10-5 gal/ min per square foot area
Drainage over the entire 3.42 acre area of the Phase 1 floor is:
Q=(5.31galx10-5gal/sq ft — min) X 3.42 acre X 43,560 sq ft / acre
Q = 7.9 gallons per minute

The calculation was repeated for cells 12B and 12C. The results of the analyses are
provided in the attached table.

Calculation result

When the 2.5-feet thick select waste layer, before placement of any additional waste, is
subject to the 2-inch design storm, the resulting infiltration into the LCRS drainage net is
dependent on unsaturated flow conditions and resutlt in the following flow.

Cell Infiltration (gal/min/cell)
12A 7.9 ¢

12B 5.4

12C 8.6
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Infiltration Into the LCRS
Vol
Design Water
Storm Content
Design | Precip to After
Cell Floor Sidewalls | Storm Floor Storm Ku Ku q q q
(ft2) (ft2) (in) (in) % (cm/sec) (fmin) | (#¥min/ft%) | (gal/min/ft?) | (gal/min/cel])
12A 149,149 44,492 2 2.60 0.309 3.61E-06 7.10E-06 7.10E-06 5.31E-05 7.9
12B 122,425 | 28,055 2 2.46 0.304 3.01E-06 5.93E-06 5.93E-06 4.43E-05 5.4
12C 93,409 48,410 2 3.04 0.323 6.27E-06 1.23E-05 1.23E-05 9.23E-05 8.6
Variables
k Porosity FC WP ¥b A & i A
(cm/sec) % % % (ft})
Soil Type SM 5.20E-04 | 0.473 0.222 0.104 0.013 0.27 0.04 1 1

Date: 8/ Z/Oi
Page 8 of 9
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Figure 2.- Relation Among Moisture Retention Parameters and Soil Texture Class
are not specified, the program assumes values near the steady-state values (allowing no
long-term change in moisture storage) and runs a year of simulation to initialize the
moisture contents closer to steady state. The soil water contents at the end of this year
are substituted as the initial values for the simulation period. The program then runs the
complete simulation, starting again from the beginning of the first year of data. The
results of the volumetric water content initialization period are not reported in the output. -

3.3.2 Unsaturated Hydraulic Conductivity

Darcy’s constant of proportionality governing flow through porous media is known
quantitatively as hydraulic conductivity or coefficient of permeability and qualitatively as
permeability. Hydraulic conductivity is a function of media properties, such as particle
size, void ratio, composition, fabric, degree of saturation, and the kinematic viscosity of
the fluid moving through the media. The HELP program uses the saturated and
unsaturated hydraulic conductivities of soil and waste layers to compute vertical drainage,
lateral drainage and soil liner percolation. The vapor diffusivity for geomembranes is
specified as a saturated hydraulic conductivity to compute leakage through geomembranes
by vapor diffusion. '
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Saturated Hydraulic Conductivity

Saturated hydraulic‘conductivity is used to describe flow through porous media where
the void spaces are filled with a wetting fluid (e.g., water). The saturated hydraulic
conductivity of each layer is specified in the input. Equations for estimating the hydraulic
conductivity for soils and other materials are presented in Appendix A of the HELP
Program Version 3 User’s Guide.

Unsaturated Hydraulic Conductivity

Unsaturated hydraulic conductivity is used to describe flow through a layer when the
void spaces are filled with both wetting and non-wetting fluid (e.g., water and air). The
HELP program computes the unsaturated hydraulic conductivity of each soil and waste
layer using the following equation, reported by Campbell (1974):

K -K r - err*(ﬂ ®)
2 Sle - 8,

where

= unsaturated hydraulic conductivity, cm/sec

rqh :N
|

= saturated hydraulic conductivity, cm/sec

= actua] volumetric water content, vol/vol

D @
|

-

= residual volumetric water content, vol/vol

total porosity, vol/vol

> &
]

= pore-size distribution index, dimensionless

Residual volumetric water content is the amount of water remaining in a layer under
infinite capillary suction. The HELP program uses the following regression equation,
developed using mean soil texture values from Rawls et al. (1982), to calculate the
residual volumetric water content:

0.014 + 0.25 WP for WP > 0.04 ©)
’ 0.6 WP for WP < 0.04
where
WP - = volumetric wilting point, vol/vol

14



The residual volumetric water content and pore-size distribution index are constants in the
Brooks-Corey equation relating volumetric water content to matrix potential (capillary
pressure and adsorptive forces) (Brooks and Corey, 1964):

) A
k. 38 [ﬂJ ()
¢-0, \w¥
where
Yy = capillary pressure, bars
Yy, = bubbling pressure, bars

Bubbling pressure is a function of the maximum pore size forming a continuous network
of flow channels within the medium (Brooks and Corey, 1964). Brakensiek et al. (1981)
reported that Equation 7 provided a reasonably accurate representation of water retention
and matrix potential relationships for tensions greater than 50 cm or 0.05 bars
(unsaturated conditions).

The HELP program solves Equation 7 for two different capillary pressures
simultaneously to determine the bubbling pressure and pore-size distribution index of
- volumetric moisture content for use in Equation 7. The total porosity, is known from the
input data. The capillary pressure-volumetric moisture content relationship is known at
two points from the input of field capacity and wilting point. Therefore, the .field
capacity is inserted in Equation 7 as the volumetric moisture content and 0.33 bar is
inserted as the capillary pressure to yield one equation. Similarly, the wilting point and
15 bar are inserted in Equation 7 to yield a second equation. Having two equations and
two unknowns (bubbling pressure and pore-size distribution index), the two equations are
solved simultaneously to yield the unknowns. This process is repeated for each layer to
obtain the parameters for computing moisture retention and unsaturated drainage.

3.3.3 Saturated Hydraulic Conductivity for Vegetated Materials

The HELP program adjusts the saturated hydraulic conductivities of soils and waste
layers in the top half of the evaporative zone whenever those soil characteristics were
selected from the default list of soil textures. This adjustment, developed for the model
from changes in runoff characteristics and minimum infiltration rates as function of
vegetation, is made to account for channeling due to root penetration. These adjustments
for vegetation are not made for user-specified soil characteristics; they are made only for
default soil textures, which assumed that the soil layer is unvegetated and free of
continuous root channels that provide preferential drainage paths. The HELP program:
calculates the vegetated saturated hydraulic conductivity as follows:

15



TABLE 1. DEFAULT LOW DENSITY SOIL CHARACTERISTICS

Soil Texture Cl;ss Total Field Wilting Saturated
. . . Hydraulic
e | oA | uscs | oy | Sy | 0| o
cm/sec
1 CoS | SP 0.417 0.045 0.018 1.0x10
2 S SW 0.437 0.062 0.024 5.8x10°
3 FS SW 0.457 0.083 0.033 3.1x10°
4 LS SM 0.437 0.105 0.047 1.7x10°
5 LFS SM 0.457 0.131 0.058 1.0x10?
6 SL SM 0.453 0.190 0.085 7.2x10*
7 FSL SM 0.473 0.222 0.104 5.2x10*
g L ML 0.463 0.232 0.116 3.7x10*
9 SiL ML 0.501 0.284 0.135 1.9x10*
10 SCL SC 0.398- 0.244- 0.136- 1.2x10*
11 CL CL 0.464 0.310 0.187 6.4x107
12 SiCL CL 0.471 0.342 0.210 4.2x10°
13 SC SC | 0.430 0.321 0.221 3.3x10°
14 SiC CH 0.479 0.371 0.251 2.5x10°%
15 C CH 0.475 0.378 0.251 2.5x10°
21 G GP 0.397 0.032 0.013 3.0x10™
a = constant representing the effects of various
fluid constants and gravity, 21 cm’/sec
¢ = total porosity, vol/vol
6, = residual volumetric water content, vol/vol
Y, = bubbling pressure, cm
A= pore-size distribution index, dimensionless

A more detailed explanation of Equation 11 can be found in Appendix A of the HELP
program Version 3 User’s Guide and the cited references.
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LCRS FI ity and Pump Sizin:

Purpose: ‘

1. Determine the potential flow rate into the leachate collection and removal sumps.

2. Size the flow elements (geonets, pipes, and gravel) and pumps to handle the
projected flows.

3 Determine most effective method and pump requirements for run-off flows

Method:

1. Identify flow sources. The single largest source of liquid entering the éumps will
be from infiltration when the cell has been completed but only the 2 foot thick

select waste layer has been placed.

2. The design will assume the 25 year-24 hour storm event occurs just after
placement of the select waste layer.

3. An infiltration factor will be selccted.

4. The quantity of run-off will be calculated. Methods for hand]mg run-off (which
shall be considered hazardous waste) will be identified. “

5. The quantity of infiltration, and the resultant flow to the sumps will be calculated.

The sump flow elements will be sized to handle that flow. Pumps capable of
evacuating that flow from the. sumps will be identified:

mmar

1. 25 Year-24 Hour storm yields 2 inches of precipitation

2. Infiltration flow is controlled by unsaturated flow.

3. The maximum LCRS flow is 2 gallons per minute.

4. The geonet has insufficient capacity for the maximum infiltration flow and must
be supplemented by 3 inch diameter slotted pipes (see layout in Figure 3).

5. In run-off systems must be able to store up t0171,000 gallons of water, or be
capable of pumping up to 100 gpm, if only a nominal impoundment is desired.

6. The maximum requirement for out of cell capacity is 300,000 gallons, assuming
no measures to reduce contact between precipitation and waste are utilized.

Analysis:

Hydrology

1. The critical period for sizing the leachate collection system (i.e., when the greatest

flow is likely to occur) is directly after placement of the 2 foot thick layer of select

C.8-1
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1.

waste over the bottom Thc quantity of mﬁltrauon reachmg the LCRS through
the waste will be the greatest at this point, although all water touching the waste
will be considered leachate. During the construction period precipitation will be
impounded within the cell, removed and discharged to the existing channels.

Figure 1 shows the configuration of Cell 12. Each phase of the cell is indicated
along with slope, bottom, and total catchment areas. Cell 12C includes the top

deck area where Cell 12 adjoins Cell 11.

The 25 year-24 hour storm yields 2 inches of precipitation (Reference 1A). The
working deck is assumed to be well compacted by heavy equipment running over
its surface, yielding a relatively high run-off curve number. Since the
characteristics of the waste soil are unknown at this time assume soil group B
(Reference 1A) and an SCS RCN of 85 (Ref 2A). Further assume run-off from
the slopes (with the sacrificial liner) is intercepted and directed to run-off
collection tanks/ponds. Table 1, below, shows the distribution for precipitation

fal]mg on the floor only:

Table 1
Cell Area (ac) Precipitation Run-off (ac- Infiltration

ft) (ac-fi)
12A 2.36 0.39 0.16 0.24
12B 1.81 0.30 012 ., 0.8

12C 1.46 0.24 0.10 0.15

LCRS Infiltration:

No allowance is made for evaporation, and all infiltration will be routed through
the LCRS system. This provides a conservative total volume for the system
design.

.Sandy soils, assumed to comprise the 2 foot protective layer, have a wide range of

porosities and moisture retention values. Typical values are taken from the HELP
model literature (Reference 3A) as being conservative representations of this soil.

The values are:

Soil Type SC

Hydraulic Conductivity 1.2x10-4 cm/s
Porosity 0.398

Field Capacity 0.244

Wilting Point 0.136

. For the largest infiltration case, Cell 12A, there is 0.24 ac-ft, or nearly 80,000

gallons, of infiltration. It is necessary to determine whether saturated or
unsaturated flow conditions control drainage into the LCRS. It is assumed that
the soil layer contains, at most, sufficient moisture to be at field capacity (i.e., no
gravity drainage is initially occuring within the soil). A 2 foot thick layer of soil
of unit area therefore has an available pore space of approximately:

2/ x 7.48%)( (9_398 ~0.244) = 2.3galﬁ2
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4. The rate at which the storm saturates the soil layer is given by:
0.24ac—ftx——1——x7.48§$x lday. = 1gal
: 2.36ac ft 1440min 1850min

It would require nearly three days of steady rain at this rate to saturate the 2 foot soil
layer assuming no simultaneous drainage occured. Conversely, only 34 percent of the
available pore space is filled. Therefore unsaturated flow controls drainage from the
2 foot soil layer. Laminar flow through a porous media is estimated by:

Q= Kia (¢))
Where: Q0  Flow (ft3/min)
K Hydraulic Conductivity (ft/min)
1 gradient
a flow area (ftz)

for the unsaturated case unsaturated hydraulic conductivity, Ky, replaces K.

5. The unit flow parameters are shown in Figure 2 below:

2' Select Waste ) ?

K=1x10* cm/sec (1.97x10 ft/min)
i=2'/2'=1.0

2.24x103 gal/ft-min (Ref 4A-ALR Calculauon)

Geonet Flow Capacity ¢

6 Unsaturated hydraulic conductivity is estimated by Campbell's equation
(Reference 3B), definitions for the terms are found in the reference:

: 2
K=K,
4-0,

7.  Theresidual water content, @, is the amount of water remaining in the soil pores

* ‘under infinite capillary suction. Residual water content is calculated by Rawls
(Reference 3C) as follows:

0, = 0.014+.25WP; WP 2 0.04
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RS Fi apacity and Pump Sizin
Where WP is wilting point, which for the designated soil is 0.136>0.04.
Therefore the equation is applicable. The residual water content is then:
0, =0.048

8. As discussed in the reference, residual water content and the pore-size distribution

index, A, are constants in the Brooks-Corey equation relating volumetric content
to matrix potential (capillary pressure and adsorptive forces, Reference 3D):

0-6,_ (_‘i’_)
-0, v
9. This equation is solved assuming the volumetric water content is the field

capacity, at 0.33 bars of capillary suction, y; and then the wilting point, at 15 bars
capillary suction. Solving simutaneously yields both the pore size distribution
index and bubbling pressure. Solving for the values assumed for the site soil

. yields the following:
Constants:
Or 0.048
¢ 0.398
Variables ) ¥y ©-Or/¢—Or (ybiyh
Field Capacity 0.244 0.33 0.56 0.56
Wilting Point - 0.136 15 0.25 025
Solved Values :
yb 0.021
'y 0.210

10.  Since only 34 percent of the available pore space was filled by infiltration the
volumetric water content is:

@=FC+0.34(¢ — FC)
© = 0.244 +0.34(0.398 — 0.244)
©=0.296

11.  Based on this calculation the unsaturated hydraulic conductivity is calculated
from the following using Campbell's equation:

K =1x10* 2 (9199__(&'_4_8)(3*%))
B 0.398—-.048 S

K,6=1.361 xlo*c——=z,5gx104_i
sec min
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12.  Conservatively using a unit hydraulic gradient and assuming no evaporation, the
rate at which the infiltration drains from the 2 foot layer into a unit area of the
LCRS is:

3
= (2.68 x107 if—)(L 0)=2.68x107° —zit——
min ft

—min

3
q=2.68x10'6-L—(7 48gal) 2.00 x 10‘5-—£—
ft* — min ft? ft* — min

Drainage over the entire 2.36 acre cell is then:
2
0= (2.00 x107° —zﬁl—_—)(z‘ssac)(ﬂf'—@ﬁ—)
ft* —min ac

2.06gal
min

0=

13.  To accomodate this flow into the LCRS the geonet must have a minimum
perimeter of 2.06/2.24x10-3=919 feet. Since providing this much flow capacity
with geocomposite alone is infeasible a pipe system will be provided to improve
drainage characteristics into the LCRS sumps.

14. A single 3 inch diameter corrugated polyethylene pipe (manning n=0.015) ata
slope of 1 percent has a flow capacity of approximately 34 gallons per minute
(Reference 5A). This is more than sufficient to accomodate the maximum LCRS
flow into the sump. As shown in Figure 3, the pipes will be located in along the
grade breaks of the bottom with lateral lines located every 100 feet along the
grade break length. The basis for the layout is described below.

15.  From the manufacturer's literature 3" d1ameter pipe comes with slots providing
1.44 in2 (Reference 5B) of flow area per foot. The orifice equation (Reference
6A) is used to estimate flow into the pipe per foot of length. The orifice equation

is as follows:

Q=CA+2gH

The coefficient C=0.6, g=32.2ft/s2, and H is assumed to be 1 inch. The
calculation is therefore:

0=(0.6)(144in >( lﬁ;)\/z("‘fcfﬂ)(hn)(%)

0.014f* (7.48gal 60sec
sec ft? min

o- )-s2em
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Smcc this is substzmnally more than thc maximum estxmated flow rate, the
spacing of laterals is controlled by the flow capacity of the geocomposite. As
stated above the geocomposite can accomodate 2.24x10" -3 gpm per foot of width.
Since water percolates into the geocomposite at the rate of 2.00x10-5 gpm per
square foot the lateral spacing is calculated as follows: .

. 2
L=(2.24x10‘3 gl ) min _ft
min— £t )\ 2,00 x 10~ gal

L=111ft
 Use 100 foot spacing for lateral pipes.

16.  The LCRS sump is configured as shown in Figui-c 4. Beginning at the 10 percent
slope the sump is filled with clean 1" diameter (nom.) drain rock. To assure
unimpeded drainage into the riser the 3" diameter lines will be continued until

adjacent to the riser.

17 The LCRS pump must be capable of lifting the leachate vertically approximately
100 feet, the maximum depth of fill above the sump. Head losses in the discharge
line are expected to be minimal, allow 5 feet of loss. Minor losses are anticipated
to be no more than 20 percent of the subtotaled loss, or approx1mately 21 feet.

Total estimated dynamic head (TDH) is therefore:
TDH=100ft+5ft+21fr=126ft

18.-  Using a factor of safety of 4 for the pump capacity yields 8 gaﬂoné per minute.- A
Protec recipricating pump, Model No. RP-2, with variable speed electric control is

recommended (See Reference 7).

Surface Run-Off:

1. During the critical period when waste filling has just started the greatest quantity
of run-off is generated by Cell 12A. Approximately 0.16 acre-feet (53,000
gallons) of precipitation runs off the cell bottom. Since the slopes are covered by
a sacrificial liner, no infiltration occurs at those surfaces and run-off is equal to
the direct precipitation. Since Cell 12A has the largest slope area it is the
conservative case. If a gutter system is not used another 0.19 acre-feet (61,000
gallons) runs off the slopes. Handling of run-off is an operational consideration.
However, two methods are likely 1) directing the run-off to a temporary lined
pond; 2) transferring the liquid to a holding tank.

2. If run-off is directed to a temporary holding pond it must have a capacity of:
(53,000 gal+61,000 gal)(1.5)=171,000 gal
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The value 1.5 is a factor of safety to assure adequate containment cépacity. The
volume of a regular type pond (frustrum of a pyramid) is found by the following

formula (Reference 8A):

V=t + At A )

Assuming a depth of 5 feet, 80 foot sides, and 2:1 slopes yields a volume of

v =§<s)((80>2 +(80-20)" ++/(80)"(80-20)"

V=24, 667ft3(1ﬁ8g—a1) —185,000gal > 171,000gal

ft3
During the initial fill stages the bottom of the cell will slope towards the sump.
The most likly location for a storage pond would be in the adjacent cell area. A
pump system, as described below, would be necessary until the sufficient waste
has been deposited to create the desired grade.

In the event alternative 2 is chosen a suitable pump must be specified. The pedk
flow into the sump, or other run-off collection area, can be estimiated by the SCS

unit hydrograph method (Reference 2B) where:

4844
TR

o,

Total catchment area, A, is shown in Figure 1 to be 3.49 acres (5.45){10‘3 n1i2).
A factor of 484 is used, which is likely conservative given the generally flat
nature of the catchment slope.Ty is the rising time and is calculated by the
following relationship (Reference 2C):

D
TR =-£+tp

The duration of the storm event, D, is 24 hours. The lag time, Ip, is found by the
following equation (Reference 2D):

_ 10.3 (S + 1)0.7
P 1900y%°

The catchment length, 1, is found from Figure 1 to be approximately 450 feet
(Cell 12A, east to west). The average catchment slope 1s 1 percent. The factor S
is calculated from the SCS curve number, previously identified as 85. The
relationship is

(Reference 2E):
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‘(1000 1000
S=[==|-10=[—==|-10=1
(& )-10=("55)- 10170

This implies the lag time is:

(450)”(1 76 +1)*7

P = 15000 =0.14hrs

Given that result, the rising time is calculated to be:
T, = ——224—+ 0.14=12.14hrs

and the peak flow is then:

-3, :2
0,= 484(5.45x107 mi") _ 0.29c fs(449gpm) = 98gpm
12.14 cfs

4. To successfully transfer the accumulated water without undo ponding, and thus
greater infiltration into the LCRS, a small impoundment ( e.g., 10,000-20,000
gallons) and a high capacity pump (e.g. 100 gpm) are required. The pump must
be capable of generating sufficient head to lift the water out of the cell and into
the desired holding facility. It is assumed the landfill operations staff will size the
impoundment and select the necessary pump if this alternative is selected.

5. Construction of the starter berms, buttress fills and cover system will begin once
waste filling is within 3 feet of the top of the excavation slope. The maximum
waste area of (8.9 acres) within the horizontal control line (Figure 1) is
potentially exposed to precipitation. As a conservative estimate it is assumed no
exposure reduction measures are implemented, and the maximum run-off volume
is contact water (i.e., has contacted waste).

6. The maximum volume of contact run-off is 198,282 gallons. The three foot
freeboard around the facility is sufficient to contain this liquid on the surface of
the fill. Should it be necessary to transfer the water out of the cell approximately
300,000 gallons of capacity is required (with a 50 percent factor of safety).

C.8-8
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SECTION IV.D

LANDFILL REPORT

US ECOLOGY, INC.
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APPENDIX D
DRAINAGE DIVERSION DITCHES

DESIGN CALCULATIONS
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BEATTY RUN-ON CONTROL SYSTEM DESIGN

Drainage Area Characteristics:

1.
2.
3.

Drainage area = 1.7 sq. mi,
Max. flow length (&) = 21,650 ft.
Avg. land slope (v) = 289/(3.87) (5280) = 0.0078 = 0.78%

Sandy soil, barren land. SCS classifies soils as predominantly
hydrolog1ca1 group B with some group A. Therefore, use soil group B
and SCS Pasture/Range class with poor hydrologic cond1t1on

Use AMC II for worst case.

SCS runoff curVg No. (RCN) = 79 to account for'steps 4 and 5

Compute Time of Concentration (Te):

L (L) = (£)8 (s+1)-7

1900 ()°°
S = 1000 - 10 = 1000 - 10 = 2.66 e
RCN 79

L = (21,650)"8 (3.66) 7 = 4.35 hrs.
1900 (0.78)"> :

=L/0.6 = 4.35 = 7.25 hrs.
0.6

Compute Excess Rainfall (Q):

g5-yr, 24-hr storm =

(From NOAA, Atlas 2, Prec1p1tat1on-Frequency' Atlas of the Western
United States, Yqume VII - Nevada)

Q = 0.52 in. for RCN = 79
Compute Peak Flow for 25-yr, 24-hr Rainfall:

Ref: SCS ENBR-20 (Rev. 2)

PK = (D.A.) (Q) (CSM)

CSM = 83 for Tc = § hrs, Tt = 0 hrs.

CSM = 72 for Tc = 7.25 hrs by interpolation

CSM = 66 for Tc = 8 hrs, T, = 0 hrs. (ohe "
(._._:9

U

Peak flow = (1.7) (0.52) (72) = 63.65 CFS .

~ 0 14



