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1.0 Liguids Management Strategies

1.1 Remove, Treat & Discharge

1.2 Leachate Recycling
1.3 Field Capacity Techniques




1.1 Remove, Treat & Discharge

current regulatory “de-facto” strategy
called “dry tomb” concept by LF opponents
remove leachate and properly treat

Imit leachate head to 300 mm

nlace final cover within 1-year

Iner system durabillity Is key Issue
necessitates long lifetime of GSs




1.2 Leachate Recycling

remove leachate and reintroduce
various injection methods are available

leachate can be modified; e.qg., buffered
or enhanced using microorganisms

MSW can take huge quantities from a
void space perspective




Reasons for Attractiveness of
Leachate Recycling

avolds leachate treatment costs
generates more gas; more quickly

results in significant settlement quickly;
l.e., gained airspace

liner durability concerns are lessened
waste mining (utilization?) Is possible




Leachate Recirculation Status in 2004

12-states attempting leachate recirculation in
1993 (~20-landfills in US, Germany, UK,
Sweden, Italy)

In 1997; 40 LFs

In 2004; ~100 LFs
Subtitle D allows for leachate recirculation

liner must be GM on 600 mm of 16 cm/s CCL
(no alternates)




2.0 Concepts of Waste Degradation

guest is for “field capacity landfill”

lots of EPA sponsored research
Pohland in *70s to ‘90s

~ungaroli in ‘80s

Ham In ‘80s

Kinman in ‘80s

Reinhart and Barlaz in ‘90s

generally bench scale or large lab scale
multiple phases have been established




Figure — Five phases of landfill stabilization.
(Adapted from Pohland and Harper, 1986.)




L eachate Bioreactor
Recycling ' Landfill

Ans: Yes, If...
waste Is at “field capacity”

at proper pH environment
over Its entire height
over Its entire area

continuously into final phase




Definition of “Field Capacity”

 that moisture content at which
maximum liquid is held within waste
voids against gravity flow

e primary mechanisms are absorption
and capillary forces

e additional moisture results In
gravitational drainage




Field Capacity Values
(mod. From Reinhart and Townsend, 1998)

Density of Waste

Field Capacity

kg/m3

Ib/yd3

Ib/ft 3

% wet wt.

% dry wt.

500-800
500-800*
690-950*

710
688
310
287
503
avile
474

843-1350
843-1350*

1160-1600*

1200
1160
520
485
850
735
800

27-50

27-50*

43-59*
44
43
19
18
31
37
30

24
43-50*
53*
47
20-35
37
AS

48
35

117
75-100
113
89
25-54
59
41

92
24

*shredded waste




An Important Consideration

average leachate from New York state MSW
landfills ~ 25,000 Iphad (2500 gpad)

typical MSW w;_.~ 100,000 Iphad (10,000 gpad)
thus leachate recycling ~ 25%

can be considered for most modern LFs

full w;. needs careful analysis/design/operations
(more later on the most significant issues)




Gateway Regulation

EPA rule on bioreactor permits published in Fed
Reg on 3/22/04

Permit to be given by Director of approved state

~ed regulation variances provided for
— run-on control systems

— liquids of various types

— final cover requirements

Stabllity analyses are recommended




Estimated Status in 2007

All forms of “wet landfilling” are active
Private sector Is leading the R & D effort

Rough estimate: leachate recirculation
~ 250; anaerobic bioreactor ~/0; aerobic
bioreactor ~5

Pressure Is on state regulatory agencies




3.0 Methods of Adding Liquids

3.1 Surface Spraying

 tank trucks with spray bars
sprayed on each lift of waste
results in good coverage
low cost (delivery and operations)

odor/vector/liter/concerns may be
overriding limitations
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3.2 Surface Ponding

requires berms on completed landfill
adapts to large guantities of leachate
results in good coverage In upper lifts
unknown coverage Iin lower lifts
operations are greatly impacted

odor/vector/liter concerns may be overriding
limitations




3.3 Leach Fields

e variation of surface ponding
* placed beneath final cover

Injection rate limited
Initial cost may be high

Intermediate method between
surface application and well
Injection
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3.4 Shallow Wells

e perforated wells at “?” spacing
e coverage poor within upper lifts

probably good at lower lifts
Injection rate limited
requires cover penetrations
can short circuit gas removal




Leachate
injection

fill Cover (tempor aJylor per manent)

Municipal Solid Waste

—

AT T T e i R s
'_'-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.'_-'.‘_-'.‘_-'.‘_-'.‘_-'.‘_-'.‘_-'.‘_-'.‘_- g _-'.'_'- mgn _'-'.'_- [y .-.-'

B e SN M T TR o1 ()
A v e R R

G Ty removal




3.5 Deep Wells

o perforated wells at “?” spacing
can be adapted for packers
coverage depends on spacing

Injection rate limited
requires cover penetrations
can short circuit gas removal
don’t drill through the liner!




CONCERNS

» Base Drainage

* Internal Drainage
» Waste Contact
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4.0 Design Implications and/or Concerns

4.1
4.2
4.3
4.4
4.5
4.6

_Iner System Integrity
_eachate Collection System
_eachate Removal System
Filter and/or Protection Layer
Daily Cover Materials

Final Cover Issues

4.7 Waste Stablility Concerns




4.1 Liner System Integrity

GM/CCL, GM/GCL or GM/GCL/CCL
composite must be the minimum

double liner system is preferred
leakage rates depend on primary liner
super data base exists

requires good CQC & CQA
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4.2 Leachate Collection System

“‘open up the permeabillity”
sand Is not good enough!

nioclogging (decreased k) Is a real
possibility with recycled leachate

Key leachate parameters are TSS and
BOD. (Geo Koerner, 1994)

state regs are way too low
should be gravel with k >1.0 cm/s




Gravel on GM Requires Cushion

use thick needle punchec

required weight is the maj

NAGT
or design issue

Germany > England > U.S.
German approach limits e£ 0.25%
England is slightly less restrictive
technical design approach follows




Geotextile Design for Puncture
Protection of

Geomembranes




NP-NW geotextiles give major improvement;
what weight??

Puncture Protection of 1.5 mm HDPE Geomembranes

_ Paiow
S =,

Whalsl(=

FS = factor-of-safety

P, = actual pressure above protrusion
(hydrostatic or geostatic)

P.ow — allowable puncture resistance
(the unknown in this analysis)




Basic Equation for "p_ou

1 1

Feo MF, RFer RFeep

M
Patow = 50+0.00045 7
S

where

allowable pressure (kPa)

mass per unit area (g/m)

protrusion height (m)

mod. factor for protrusion shape
mod. factor for packing density

mod. factor for arching in solids

red. factor for long term creep

red. factor for chem./bio. degradation

pallow

M

H
MF ¢
MF o
MF ,
RFcx
RI:CBD

note:
MF values <1.0 RF values 2.0




Example:

Coarse gravel (d,= 38 mm) on 1.5 mm thick HDPE under
50 m landfill at 12 kN/m3. What GT mass for FS = 3.0.

Solution: Use H — 25 mm ME, =0.5

MF,, =0.83 MF, =0.25
RF.x =15 RFgp, = 1.3

Determine p,;,,, Es = 2

Pact } Datow =1800KN/ nf

— pallow
>0 50) (12)

Calculate reqd GT mass

1 1
0.5° 0.83 0.25 15 1.3

\Y
1800= 50+ 0'0004%0 025°

M =436 g/n?; use a 500 g/igeotextile







4.3 Leachate Removal System

typically HPDE or PVC pipe

some states () require pipe cleanouts

If 100% cleanout Is required, design Is
greatly impacted

If H> 50 m, deformations are high
connections have failed










4.4 Filter and/or Protection Layer

Geo Koerner thesis limits

e TSS < 2500 mg/l

« BOD < 2500 mg/I

recycled leachate probably goes higher
don’t use a filter (soil or GT)

don’t use a soil protection layer (also called
operations layer)

use “select” waste directly on LCRS










4.5 Daily Cover Materials

odors, vectors, liter, fire, appearance
typically 150 mm of soll

often low-k soll; which acts as barrier
consider alternative, i.e., ADCM
EPA/600/R-93/172 by Pohland & Graven




Alternate Dally Cover Materials

Polymer Foams
- Rusmar - Terrafoam
- Saniform - Topcoat
Slurry Sprays
- Con Cover (paper) - Posishell (paper)
- Land-Cover (clay/polymer)

Sludges & Indigenous Materials
- Naturite/Naturefill - Ash-based
- N-Viro Soill - Auto fluff
- Chemfix - Foundry sand
- Green waste/compost - Shredded Tires

Reusable Geosynthetics
- Air Space Saver - FabriSoll - Aqua-Shed
- Griffolyn - Covertech - Polyfelt
- Cormier - Sanicover - Tarpmatic
- Typar

*see Pohland & Graven Report to EPA, EPA/600/R-93/M2 (NTIS PB 3-227197)













4.6 Final Cover Issues

hold off on final cover placement
majority of settlement 5-10 years
then proofroll heavily or DDC
then construct final cover

use EGMC In the interim
necessary for odor control




EGMC over Cells 1 and 2 of the DSWA's southern faaty.







Exposed Geomembrane Covers
(ref. Gleason, et al. 2001, NAGS)

Location

Area
(ha)

GM

Thickness
(mm)

Color

Fixity

Delaware
Maine

Florida
L ouisiana

17
2
9
6

fPP-R
HDPE
HDPE
HDPE-T

0.9
1.0
1.5
1.5

green
black

black
green

RB, An, DS
DS, Ba
AT, Ba
AT, DS

Note: AT = anchor trenches; RB = roadway benches;: anchors;
DS = drainage swales; Ba = ballast




4.7 Waste Stability Concerns
excessive liquids in waste can lead to
iInstability
different scenerios have been identified
most critical Is direct head on liner

has resulted in several failures
the waste actually liquefied!




Case History: L-4

codisposed MSW and HW that failed in
1997: 300,000 m

liguid waste injected into wood bark
along backslope

along base was GT/GM Interface
liguid pressure induced slide

very abrupt (~ 5 min.) moved about 1.0
km... let’s see it!




Old waste

Recent waste

Aerial photograph taken shortly before failure




Liquid waste

distribution trench | N

Failure surfac

Failure—7

surface

Critical 2-D cross Section










Case History: L-5

MSW failed in 1997

largest failure to date ~1,200,000
leachate Injected into deep wells
fallure plane was Sand/GM interface

abrupt (= 20 min.) moved about 1.5 km...
let’s see it!







Failure Surfaces

Failure
surface

Low perme
bility soil

Critical 2-D cross section with estimated leachatkevel prior to failure



















5.0 Performance-to-Date

most field projects have been leachate
recirculation with essentially no
Instrumentation and little available data

designed bioreactor landfill field sites are
sparse and often not designed from “scratch

research sites are highly instrumented

geotechnical and waste instrumentation IS
usually not present




6.0 Conclusions and Recommendations

MSW will decompose forming methane and
carbon dioxide with major losses in cellulose,
and other components

rapid decomposition needs waste at field

capacity (W)
W, IS higher than most suspect; but still far from
waste saturation

mixing with degraded waste and/or sewage
sludge accomplishes both added moisture and
pH-control




Operations Recommendations

homogenize the waste mass to the
maximum extent possible

all of the waste must be treated
cutoff preferential flow paths

remove the leachate on demand to
minimize head on the liner

watch for short circuiting of leachate
wells to gas extraction




Design Recommendations

Section

Topic

Recommendation

4.1

liner system

double liner; tight ALR

4.2

leachate collection

gravel® 1.0 cm/sec

4.3

leachate removal pipes

limit height (50 m?)

4.4

filter/protection layer

omit both!

4.5

daily cover soll

omit; use ADCM

4.6

final cover

use EGMC for 5-10 years

4.7

waste stability

use geotechnical monitoring




Parting Shots

technology Is (finally) getting started
monitoring Is still quite rare

Instrumentation is available
let’'s get serious...
It’s a super technology!




