rd

Y

0%
m

@ “Xussp

United States

- Solid Waste and . EPAB30-R-97-024
NTIS: PBS7-176 861

Environmental Protection Emergencv Responsa
Agency ’ . {5305W) T b Januafy 1993

-1“\Indexmg of Long—term
- fEffectlveness of Waste
- Containment Systems

for a Regulatory Impact

| AnaIyS|s Draft

U.8. EPA Headquarters Library
Meall code 3201 -
1260 Pennsylvania Avenue NW
Waahlngton DC 20460

. ! i .
" Printed on paper that contains at lest 20 percent postconsumer fiber .




TE ' | . PpF-5o00k 1
P
® -
. UNITED STATES. . OFFICE OF SOLID WASTE EPA/NUMBER
' ENVIRONMENTAL PROTECTION ~ WASHINGTON, DC 20460 - . JANUARY, 1993
AGENCY ' ' .

i
. .
N
3 |
N
.
N
R
.
I
|
i
.

1

R

5

i

INDEXING OF LONG-TERM EFFECTIVENESS
. OF WASTE CONTAINMENT SYSTEMS FOR A
REGULATORY IMPACT ANALYSIS

" A Technical Guidance Document

Office of Solid Waste
U.S. Environmental Protection Agency
.~ Washington, DC 20460




N it
o
-

;INDEXING OF LONG-TERM EFFECTIVENESS
OF WASTE CONTAINMENT SYSTEMS FOR A
- REGULATORY IMPACT ANALYSIS -

Hilary L. Inyang, Ph.D.
Senior Geoenvironmental Engineer

" Guy Tomassoni _
Engmeenng GeologxstlHydrogeologxst

PN

Corrective Action Programs Branch ‘ S :
. Office of Solid Waste and Emergency Response - .
U.S. Environmental Protection Agency : T

i

‘ C o oL Washmgton, DC 20460
l : U T November 1992
i




s
wdad

DISCLAIMER

- .

¢

This document is intended to assist U.S. EPA personnel m the assessment of long-term
effectiveness; of some containineréxt systems for was'te‘ disposal. It is not advocéte&'that the
cénten't of this document be userj as the sole basis for decision makmg However, this document
sheds some light on the problems associated with the prediction of long-term effectiveness and -

- presents one approach to relevant assessments.

_ This guidance is not a regﬁlation (i.e.. it does not estal_)liSh a standard or conduct that can
be enforced Hy law) and should not be used as such. The contents of this document do not
~ necessarily reflect the views and poljciés of the U.S. EPA. Also, mention of trade names,

commercial products, or publications do not constitute an unqualifiéd endorsement of their use.
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1.0 PURPOSE

This document is intended to support a Re'gulatory ﬂllmp-act Analysis .{R'IA) required for a
m.ajor Corrective Action.'regulat'ion proposed'by the UI.S. Environmental Protection Agency. - |
“The objective of the RIA is to evaluate the jrnpact of the proposed regulations' on the
regulated community, and deterrnine whether the regulations will be protective of human_ o
health and the envu-onment. The effectiveness- 1ndexmg scheme descnbed in this paper was _

developed to provide input data to a mulii-media contaminant fate and transport model used

in the RIA to assess the pollution potential of ground water, surface water and soil.” In view

of the fact that in certain situations. the proposed regulations may allow on-site-contaim'nent

of hazardous wastes (e.g., capplng) as opposed to treatment/destruction.(e. g “ mcmeratton) _

an assessment of the long-term effectiveness of containment systems is necessary In such

assessments, there exists the difficulty of predxctmg and verifying ‘long-term effectiveness.

This problem exists because engineered waste containment systems have existed for a.

relauvely short time in comparison with other. engmeenng structures. Numerical esttmates of

design lives and effecnveness of contamrnent systems have been made without the benefit of

field data on the past performance of similar systems over a reasonably long time interval.

N‘otwith_standing the 'paucity of long-term perfo'r‘mance data on waste containmem'

'systems, numerical assessments are necessary for regulatory purposes. Available prediettve '

tools exemphﬁed by models, mostly deal wrth uuttal condmons under the tacit assumpnon
that constructed systems will exxst at the same degree of structural integrity over an

extended period of time. Also, such models often treat a few elements of the overall issue of

effectiveness. Effectiveness is here_m defined as the ability of the waste' conta_mr'nent System )

—“t
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to prevent the mobilization and transport of contained waste outside the system in any‘phase :

and direction. :

A ranng (mdexmg) scheme has.been proposed -for. assessmg the long-term
effectiveness of clay caps, syntheuc caps, composite clay and synthetic caps, clayliners,

synthetic: liners, the Resource Conservation and Recovery Act (RCRA) Subtnle C liner

systcms, and vemcal barrier wa]ls The indexing system is based on a review of lxterature on

A3

mmal and potenual performance indices “of the structures mentioned above.. Due to the
existence of gaps in available 1nformauon. technical judgment has been mtrodueed into the

selecuon process ‘of specaﬁc rating numbers for long-term effectiveness. One of the most

widely used models—the Hydrologic Evaluation of Landfill Performance (HELP) model

allows the input of a "failure rate,” which the user specifies on the basxs of his/her judgment

This allowance'is an acknowledgment of the uncertamues associated with predxcung the field

' scale performance of fac11mes over time frames as long as one hundred years. .The rating

scheme proposed is based partly on subjecuvxty It should be recogmzed as a raung scheme

as opposed to a numerical model Reﬁnements may be necessary on a sxte-specxﬁc basxs.

especxally. when condmons are such that spec1f1c parameters of long-term effectxveness of -

the entire containment system can be reasonably analyzed in greater detail.
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2.0 INTRODUCTION

.

CItis generally known that the structural mtegnty of . waste containment systems usually

- degrades as time progresses. This sxtuatlon stems from env1ronmental conditions which
induce stresses on various components of the system. The root causes of these stresses

. include thermal processes, biologic ‘processes, geostatic and geodynamic loads, physico-

chem:cal interactions between waste constltuents and containment system matenals

sunhght and hydraullc processes The rate at wh1ch the effectlveness of a containment

system is affected over a given time period depends on the conservatism of the initial design, -

quality control during implementation activities, and the frequency of facility maintenance.

Ideally, it wotxld" be 'desirztble to develop a "macro-model” that 'comprises sub-models,

" each of which treats the decay of the effeeti\}eness of specific components of containment

systems with time. rUnfortunateiy, containment systems comprise tna'ny components in too

many configurations in- numerous hydrologxcal settmgs The relatively short experience thh_ '

modern waste contamment systems is such that there are too many unknowns. Each

- component of a containment system is susceptlble to a different degree, to the stresses -

mentioned above. For example, polymeric materials of a geomembrane are more susceptible
to ultraviolet radiation than clay liner materials. Furthermore, the burrowing activities of
rodents may introduce defects into'the system in the long term. The uncertainties associated

with the physical response of the entire containment system to the synergistic stresses from

various physical,” chemical and biological ptocesses plague the development of a useful

maero—model" for precise. predxctxon of the loss, of effectiveness of containment systems with

ume In essence, such models might not attam a level of accuracy that supersedes that of a

numencal' ‘indexing (or rating) scheme that is based_ on a non-quantltatxve analysis of
. Lt ™ - :
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avatlable predtctton schemes. test results and conftguranon of containment systems. 'I’he
latter approach is adopted m thts work Similar approaches have also been adopted by

others, e.g., Koerner and Damel’ ( 1992)

3.0 APPROACH TO INDEXING'

It'is desirable that waste containment systems remain effective for .a long ‘tlme,
reasonably, beyond the closure period The design life of"a facility shbuld be as’long as .
necessary to effecttvely restrict hazardous constituents from beconung a threat to human
health and the enwronment The durability of various components of contatnment systems in
the laboratory have been investigated wgorously only in the past fifteen years. Expenmental
and modehng approaches to assessing long-term effecttveness have been adopted in such
studtes Although these investigations have shed ltght on the significant processes and
potenttal responses of mdtvxdual ‘components over extended penods the overall long-term

effectiveness’ of composue systems still remains a gray area. It may not be feaslble to

develop and verify a comple_te and precise numerical relationship between the effectiveness of

- composite systems and time-'since-construction Consxdermg the dtversrty of possxble

* configurations, hydrogeologtcal condmons. and waste types, coupled with .various

mamtenance frequencies, such an approach would require an extensive factorial experiment. .
It should also be noted that some of the relevant factors cannot be fully controlled For

example, the hydrogeology ofi a site is not no_rtnally -controllable.

_ The' approach adopted herein is to use avatlable mformanon on modehng approaches,
laboratory expenments and fteld studnes to develop a reasonable 1nclexmg system for 4
evaluatmg the long-term effecnveness of waste contatnment systems for RIA purposes. In

this approach. the entire system is considered rather than a sxngle component. However, the

entire system can comprise only one component in'some’ cases. For _multi-component

S
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systems, the degradation or failure of a single component does not necessarily iean that the

entire system is completely ineffective.

In this approach, the effectiveness of a containment.system is assumed to vary with
time as illustrated in Figure 1. The figure also illustrates the potential gain in effectiveness
that occurs with the implementation of an adequate maintenance scheme. A similar concept

has been appli-e'd in the development of serviceability index for highway pavement structures,

most of which comprise many components. When built initially, the containment systemn has

an effectiveness, Ep, which depends on the conservatism of the design and -the adeé;uatcy of
the construction qttality control. Over time, ttte effectiveness decreases along curve A. For
example, at ti'mc‘ t2, ttte corresponding effectivettess is Ex2. However, if maintenance
aetivities are implemented at time t1, the effecti\teness improves to the level E1 and system
degradation follows curve B. The time honzon, td, may be takcn as the design life of the _

containment system. For hazardous waste contatnmcnt systems, tg should be well beyond

" the 30-year post-closure pertod to whtch reference is often made in regulations. Obvxously.

the exact geometnes of curves. A and B are different for vanous configurations of waste

,contamment systems A cap cons:sttng of a flexible membrane directly overlying a clay liner

is potentially more effective than a system that compnses only one of these components.

Nevertheless, the degradation-time pattern for. the entire"system should be similar.

* Furthermore, the addition of a new cap at a certain time can result in an effectiveness greater

than existed at to because of the residual éft'eetjveness of the original cap. -

The reader should note that the proposed indexing system is very general m nature. It
'is,tecogrtized that the degradation pattern for a particular fat:iiity depettds on its design and on

site-specific factors. For the purposes of ‘a fairly general indexing system, numerous

' signiﬁcant.factors have not been directly integrated quantitatiiely into this proposed indexing

\.
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. - ' system. Nevertheless, such information has been reviewed and taken into consideration in

the selection of -degradation rates proposed herein. . . o A ,,
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' '.E(o ' 2 : ‘Curve A ]
’ Et1 ----- ----—-—-‘.--———--u

% Fallure -

Eltz Iln-------———-—ﬂm---’—-------————nnr-ﬂn---u ————————

System Effectiveness, E (%)

‘-
N

-
Q.

Time Since cons_tructlon. t (yoars)‘

o . Figul_'e;l.v An illustration of long range degradatlon tracks of
ot : S , waste contamment systems ' :
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4.1 CAPS

4.0  INDEXING SYSTEM
The proposed effectiveness-time relationships are summarized in Table 1 for various

configurations of waste containment systems.. The time periods selected are 0 years, 10

yeafs,'éo years and 160 years. The technical issues discussed above have been considered.
?ertinent technical li.terature has also been reviewed. Existing models, exﬁerimental data
and verbal propositions-have been coﬁsidered' In most cases, judgment is used in the'
analys1s and adoptlon of mfonnauon reviewed by the authors of this proposition. It should be .-
emphaslzzed that although the degradanon-ume relauonshxp is influenced by the initial design .

of a-waste contamment system, demgn approaches are not the direct focus of this dxscussmn . |

For more mformauon on: that aspect, the reader is referred to relevant documents such as’

Rlchardson and Koemer (1989), andU.S. EPA (1984a, 1985a, 1989a and l989b) for ceyers

“and lining systems; Millet and Perez ( 1981), Barvenik et ai (1985), Morgenstern and Am{r— :
" “Tahmasseb (1965), Mott and Weber, Jr. (1992), D'Appolonia (1980) and U.S. EPA (1984b)

for sl'm;ry walls; énd"May et al. (1985), Camberfbn (1977), Weaver et al. (1992), Ran and

' Daemen (1992), USACE (1973 and 1984) Van Impe (1989), Hausmann (1990) and U.S.
EPA ( 1985b) for grout curtams

1
i

Low permeabxhty caps are used to cover waste matenals to minimize contaminant

mxgrauon on the land surfacc, through the air, and into the ground water Caps protect ground
‘water by mmumzmg the mﬁltranon of precipitation into- the waste whlch can’ mobilize .
comanunants through leachate generauon ‘I'here are a vanety of cap designs and capping |

matenals avaxlable Typxcally, a de31gn will include a single or multxple layers of low-

permeablhty natural clay or made-made matenals (geosynthetlc membrane) ‘Generally, all

i,
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designs include a high permeability drainage layer above the low-permeability layer(s) to
promote. pi'ecipitation runoff. All designs also include a vegetative layer or some other
mate:rial placed above the drainage layer to minimize'crosion; The discussion of effectiveness

presented below focuses on the low permeability layers and refers to the ability of the cap to

restrict infiltration of water into the underlying waste.

4.1 1 Clay Caps
The factors which may reduce the effecuveness of clay caps mclude subsndence, slope :

instabilities, deswcanon crackmg. burrowmg activities of rodents and vehncle loads For the

. clay cap, effecuveness is herein defined as its ability to prevent the intrusion of moisture into

the’ conta_med waste. For a given set of hydrological condmons, the quanmy of leachate -

generated is directly proportional to the effectiveness .of the clay cap. The latter depcnds on

' ‘both mtergranular flow (pore flow) and flow through flaws whxch may result from any-

combinations of the phenomena stated earher Due to the uncertamues associated wnh the

. occurrence of degradation events with time, an exact predictivé relationship is dlfﬁcuh to‘

develop and verify. Models exemplified by the Hydrologxc Evaluation ot‘ Landfill Pcrformance

_ (HELP) computer model predict pore flow only. In Flgure 2 increases in the permeablhty of a

: compacted clay spxi layer due to several-»qygles of freezing and thawing are illustrated.
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’ figure 2. Summary of the one-dimensional ffeezelthew cycle effects on
'  the Nnagara Clay (Zimmie et al. 1992)

' Such changes in. pcrmeablhty may be attnbutable to the generation of ﬁssures, etc.
When macro-ﬂaws develop in a clay cover over an extended time penod Darcy flow

relanonshlps become inadequate for predlcnng moisture percolauon Using the approach

,proposed by Anderson et al. (1991), the macrofissures increase the hydrauhc conductivity of -

the soil~ layer by the amount given in equation (1).

K= R4pg18uD2 S O X

hydraulic conductivity
radius of the channels
acceleration due to gravny'

, v1scos1ty of ordinary water
spacing of the channels
density

o genm r:.
HNERER
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In Table 1, a clay cap that meets minimum standards with respect to hydrauhc
conducuvuy, thickness and construction quahty control is assigned an initial effecnveness of
80%. It is assumed that significant flaws exist even in the initial post-construction penod of
such cover materials. Consistent with the degradarion-tirne pattern oftea observee in most
engiaeeﬁrrg structures, it is assumed that rhe effectiveness will decrease exponeatiaﬂy jivith L
time. E | |

It is estimated that over a service life of ten years immediately following their
‘implementation, the effectrveness of the clay cap wxll drop to 75%. The probablln-y of
occurrence of phenomena that cause ﬂaws increases as the duranon of service increases. At -
30 years, the effecnveness of the clay cap is estimated to be 60% It is. roughly estimated
that after 100 years of service, settlement, rodent acuvnty, etc.. would reduce the

effectiveness of single clay covers te _20%.

L

. Note, ilowever, if an .addiiio'nal clay cap is added 'to the sysrem ar 100' years; the
: effecuveness goes up to 85% Replacmg the cap at such a time when the original’ cap is no
longer effecuve is consxstent wnh ‘the understandmg that englneered structures will not last '
" in perpetuxty Furthermore, addmg a new cap also reflects the’ prermse that unlxke a liner
. system, a cap can be easxly mamtamed and if necessary, replaced, wuhout actually removmg
the waste. Add_mg_.a new cap also reflects the need to provide long-term reducrron of

-

leachate generation.

4.1.2: Symheﬁc' Caps
Holes can be mtroduced into syntheuc caps of waste. containment systems dunng

‘ mstallauon Geomembrane caps' may also be degraded by subsxdence, ultravrolet radiation,

thermal .stresses and the burrowing: activities of animals. Temperalure effects on the

wn.uﬂ’w.
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durability o.f polyroeric materials. have'beert described using methods based on the Rate
| Process. Analysrs (Koerner et al., 1990 ‘and Kanninen, 1992) However. the effectiveness of
a syntheuc cap matenal in the field isa funcnon of temperature as well as radtanon and other
unpredictable events. Nevertheless, Koerner and Daniel (1992) rate a single geosynthetic

cap above a single clay cap in terms of overall effecuveness Relevant mformanon is’ provxded

in Tables 2 and 3. Consxdermg the factors rated in Tables 2 and 3 and those discussed above,

a smgle synthetic cap is assxgned an initial effecnveness of 90% "This rating takes into

account the possrble exrstence of unperfect seams through whrch water can pass.

Unavoidably, the volume of holes increases in synthetic layers over time. Increases in

the hydraulic conductivity of such layers should be expected The increase in the discharge |

(flow rate of such covers due to the presence of large holes) can be estxmated using

{

' .Bemomlh S equanon as follows.

Q- Ca2gz05 2 S @)
Q = discharge (m3/s) - B o

C = dimensionless coefficient that pertams to the shape of the edges of the opening
.(approximately 0.6 for sharp edges) o .

a = hole surface area- (m2)
acceleration due to gravrty 9.8 mlsz)

' water (m)..

In the‘indexing system- proposed in Table 'l. the effectiveness of a singie synthet.ie cap is

: assumed to be 15% after 100 years This assumed effecnveness is greater than the

assumpnon made in U. S EPA (1982) that after 100 years, a syntheuc cap will ‘be completely -

' ineffective. The 15% effectlverress is based on the assumpuon. that synthetic - caps will

z = depth below: water level; may be approxnnated by the desxgn head of mﬁltratmg

&‘.h;.ﬂ‘
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E Table 3. Overall benefit of each barrier conﬁguratlon of coverlhner
' materials determined by summing the horizontal rows in .
Table 2 (adapted with modifications from Koerner and Daniel

"GM/CCL = Two-component composite.

~ estimate. - . . S -

4.1.3 Cbmposite Clay and Synthetic Caps.

1992)
Design . Descriptiﬁn Overall Estimated Cost | Benefit/Cost " Rankir;g in
Alternate Benefit (dollars/sq. fi.) Ratio Group
L One Barrier Layer . |
A CCL 36 0.70 Cost 3.
B | GM | e 070 91 B
- c GCL 46 0.70 66 - 2.,
_ | . . Two Barrier Layers , B
D GM/CCL | - S8 140 41 T2
E GM/GCL- 66 - .- 140 47 - 1
- Three Bn_r;-ier Layers .
F GM/CCL/GM . 71 - 2.10 T 2
G . | GMI/GCL/GM 7 2.10 B 37 : 1
ccL - Single compacted cla} liner. . GM/GCL = 4T‘wo-componem composxte
GM = Single geomembrane. GM/CCL/GM = Three-component composite liner.
GCL = Single goesynthetic clay liner; GM/QCL/GM' = Three-component composite liner,

degrade over 'timez'_b'ut due to improvements in polymeric material technology, deéradati_ox’x

Win not ‘occuf qﬁiie. as fast as oﬁginally p}edictéd by EPA. Ifa fncw'synthet_ic cap is installed

_ é,; 100 years, the effectiveness of ‘the Synthefit_: cap is assumed to retumn to the original 90%

~

The processes and assumptions described above for clay caps and symhetic caps apply
to the composnte clay and syntheuc cap, however, the composxte cap yields a greater'

effectxveness than the addmve effectiveness of the two mdmdual layers. The clay layer

. underlying the geosyn;henc cap acts as a low premeabl_e bamer for leakage through holes in
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the geosynthetm layer Furth‘ermore. the effectiveness of the clay. layer improves m this
composrte system because the synthetrc affords some protectton against the processes
(discussed -in section 4.1.1) which degrade clay caps. As indicated in Table 1, the initial
effecﬁveness of the composite cap is assumed to be 95%. - At; 100 years. the effectiveness of g
the composite 'system is reduced. to -35%. At 100 _years. it is assumed that an entirely new |
\composite cap will be installed resulting in an effectlveness of 98%. The increase from 95% to

98% is-assumed to be due to the residual effectiveness of the original clay layer.

aszaax '.!_

.-..a-.-lia!'

" 4.2 LINERS
Liners for waste containment systems are generally mtended o prevent the migration of
hazardous constttuents mto the underlymg subsurface. Lmers are generally constructed of
low, premeabtltty soﬂs (clay) geosynthetlcs, ora composme system consisting- of both clay

.and geosynthetic membranes.

4.2.1 RCRA Subtttle C Composnte Liner Systems
The RCRA Subutle C liner system consists of both clay and polymenc layers. The -
mmunum requtrements for this liner system mcludes from top to bottom a leachate collecuon. ,
_system, a primary (upper) geomembrane. a leachate detectton system. and a secondary
composne liner conststmg of an upper geomembrane dtrectly overlymg a clay layer In
‘contrast to the situation wnh caps. leachate ‘compatibility becomes more srgmﬁcant but

settlement (or subsrdence) effects become less significant. -In developmg the effecuveness-

tune estxmates contamed in Table- 1, it 1s assumed that there is no ¢over over the burxed
waste or. contammated -matenals Since the RCRA Subutle C lmer 1s a multi-component
'system, the farlure of one- component does not necessarily imply that: the whole system has
become enurely meffecuve Some fa;lures of single and multi-component lining systems have -

been reported in literature. Unfortunately. mfonnauon is scanty or non-existent on the time

15
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Table. 4.

Case histories of compacted clay liners (Daniel 1987)

Location of

Nature of Liner

Actual Fieild k

Rgferenc'e and Comments-

Site (em/sec)
Central 2-acre (0.8 ha) Liner for _ ‘ 4% 107D Daniel (1984). Original liner may have desiccated
Texas _Impoundment; 1-ft-(30-cm) (originally) |semewbhat. Reconstructed liner not subjected to
Thick Liner Built of Local Clay 5x'10°6 desiccation. Poor CQA. Liner relamed fresh
o Soil (Reconstructed) water. ‘
Northern -{ 25-acre (10 ha) Liner for . 3x 1076 Daniel (1984). Vuwally no CQA Liner retained
Texas Impoundment; 8-in-(20-cm) slightly saline water. ‘
Thick Liner Built from ,
Sand/Bentonite Mixture
Southern | 1l-acre (0.4 ha) Liner for 1x-10°° Daniel (1984). Liner retained brine soluuon
Texas Impoundment; Liner was 2-ft- . Little CQA. , , ,
R (30-cm) Thick and Built with E : -l
Local Clay Soil _ e :
Northiern | Test Liner 50 x 50 x 0.5 m and 1x 106 Auvinet and Espinosa (1981) and Daniel (1984),
Mexico Built with Local Clay Soil Good CQA. Liner tested with f_reish water.
Texas-A&M | Prototype Liners; Each - . 1x10° Brown, Green, and Thomas (1983). Good CQA.
University | Prototype Measured 1.5 x 1 5 x to Soil compacted with hand-operated equipment.
0.15 m; Soils- Consisted of 1x 105 Liquids were xylene and acetone wastes. :
Kaolinite, Mica, and Bentonite kA -
Biended with Sand ' , . -
University of | Two Prototype Liners; Each 4% 106 Day and Daniel (1985a). Good CQA, . although
. Texas at | Liner Measured 20 x 20 x 0.5 ft| - and moisture content varied more than desired. Soil.
Austin (6 x6x0.15m) and Was Built | . 9 x 10°6 compacted with hand-operated equipment.
© - | of Local Clay Soil ‘ L ,
Confidential | 100-acre (40 ha) Pond for © 2x106 Unpublished case hxstory from author's ﬁles
: Wastewater; 1-ft- (30-cm) . * | Extensive CQA
Thick Liner Built of Local
Sandy Clay ‘ -
Midwestern | S-acre (2 ha) Pond for .2x10"7 | Unpublished case history from author's files.
U.S. Wastewater; 5-ft- (1.5-m) : . | Extensive CQA. . Possible effects from organic
Thick Liner Built of Local - {solvents, . . °
. Clayey Soil : _ )
Westemn U.S.{ 3 Impoundments; 5-ft- (1 5-m) , Not RTI 1986): Good CQA. After 4 yrs of service, . |
. Thick Liners Built of Local. = |- Documented |no waste in leak detection zone beneath 2 liners.
Clayey Soil. ) Waste appeared in leak detection zone beneath one .
- of the liners after 3 mos of service, but this liner’
. . _ N had been left exposed and unprotected for 6 mos,
Westem U.S.| 6 Impoundments, 3-ft- (90-cm) 1x10"7.. |RTI(1986). Field performance determined from
' Thick Liners Built from Local ) to volume of liquid collected in leak collection zones
'Clay Stone ' -7 beneath the. lmers -
4x 10 - .
Northeastern | 2 Landﬁlls. 1 5- to 2-ft (46 to Not . |RTI (1986). Within one year of operation, leachate
U.S. 60 cm) Tmck Liners . -Documented | was detected in leak detecuon zone beneath the
- ’ : - |liner.
" Toronto, | 16-acre (4 ba) Municipal Waste | - 25 108 Reades et al. (1986). Keele Valley Landfill.
-'Ontario, | Landfill; 1.2-m Thick Liner o . | Performance determined by underdrains, each 15 x
Canada 15 m. Excelient CQA. Test pads used 10 establish

Built of Local Clayey Soil

.construction cmena

 16|
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at which the reported failures occurred. Daniel (1987) reported case histories ‘of clay liner
perforrnance in the field. Pertinent information. is provided in Table 4. Bass et al. (1985)
provide thé data shown in Table 5 on the failures and successes experienced with various-

configurations of lining systems. Some of the configurations described in Table § are similar

0 RCRA‘S‘ubtitle C liners ~Although . the data presented in Table 5 have not been;
| mcorporated in any direct numencal manner into the indexing scheme of Table 1, they do

. 1llustrate the fact that some llmng systems do fail unpredtctably with time. Information

provrded by Daniel (1984) indicates that the actual hydraullc conducttvmes of four clay ltners
in Texas are generally ten to a thousand times htgher than those measured on- samples in the’
laboratory Bonaparte and Gross ( 1990) have presented data on the field performance of
double-lmer systems within four to ﬁve years of thetr construction. Some of the measured

leakage rates are attributed. to the consolidation -of the clay layer. component of the lrnmg

‘systems mvesttgated ‘For geomembrane layers of hner systems. Giroud and Bonaparte

(1989a and b) suggest the use of -a hole frequency of 2 to5 holes per hectare and a hole size -

of 3 x 10“5m2 10 compute flow rates

Using the electrical leak detection techmque 1llustrated in- thure 3, Lame and Miklas
(1989) surveyed 61 new or operatmg waste storage facrlmes m whtch geomembrane lmers
are used. An average of 3 2 leaks per 10,000 ft2 within a range of 0. 3 to 5.0 leaks per 10 000‘
ft2 of liner was detected. Relevant data for bottom floor areas of tmpoundments surveyed are’
presemed in Table 6 ‘Of all leaks 87% occurred through seams wlule the remainder occurred
through mtemal areas of the geomembranes Observed ﬂaws ranged from circular holes of up

tol mch in dlameter to slits from 0. 25 10 12 tnches in length Someumes. ﬂaws as large as 48

square mches were observed
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Figure 3. - The setup of the Electrical Leak Locatlon Method (Lame and

. Miklas 1989) A _ , | B -

Considering all the factors and data discussed above, the RCRA Subtitle C_liner system
(multi-layered) is assigned, an.ini_tial' effectiveness.of 98% as indicated in Table 1. In U.S.

EPA (1983), 1% of the area of the s'ynthetic'layer‘ component of the lining system ‘is assumed

" to have the same vemcal perrneabthty as the, underlying sonl ThlS corresponds roughly to

99% effectiveness. However, consxdenng the uncertamtles in the dlstnbutxon of holes. at

ﬂ'geomembrane seams, spanal vanabxlmes in the hydrauhc conductivity of the clay layer

component of the systern, an initial effecuveness of 98% is asslgned in Table 1. By the end of -

the ienth year of Operauon, s1gmficant leakage would occur through the upper geomembrane

~barner of the hmng system «Assummg that some flaws would have developed in the
~ secondary geomembrane and the underlymg clay layer in ten years, there would be the

posmbxhty of seepage of fluids through the system Consxdenng thlS suuanon. the

effectiveness of the system after 10 ye_ars Axs rated at 95%. Within the firet 30 years, leachate

T that passes through degraded membranes and the drajnage‘lay'e'r could also t;ével through

relative_ly_i'ntaét portions of the clay layer component of the system by interéranular (pore) .

TN L. . : : i

p .




8

. . | (l‘r‘ ’

E )

* flow and/or diffu'sioh' For a clay layer thickneSs of up to 35 cm (about 13.8 in:), analyses of

fluid transnt time predlcuons by U.S. EPA (1984c) using various percolauon equanons

‘mdxcate that transu times would generally be under. one- year These predictions are

‘ presented in Flgure 4 It should be noted that only the times of first arrival of retained

substances are predxcted Similar ana]yses by Shackelford (1992) for a 91 cm (35 83 in.)

thick clay layer indicate breakthrough times ranging -from 2.6 to 9.8 ‘years: for various
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' ' Table 6. Leak detection and location survey data for impoundments where the
i bottom floor areas were surveyed (Laine and Miklas 1989) ] .
) . N : . Leaks Per
Size Total . -Leaks Located Ip . 10,000
. Survey No. Sq. Feet Leaks Bottom Seam Sheet Sq. Feet
' 1 958 2 2 2 0 20.9
2 958’ 3 3 3 0 31.3
. 3 958 3 3 3 0 31.3
4 1,000 . 4 4 3 1. 40.0
E 5 1,798 0 0 0 0 0.0
’ 6 2,625 6 6 6 0 22.9
. 7 3,000 21 21 21 0 70.0
8 3,000 4 4 4 0 13.3
- 9 3,200 0 ) 0 0 0.0 )
. ' 10 4,951 0 0 0 0 0.0 C
: i1 4,951 17 17 17 0 ~34.3 :
' 12 4951 2 2 v 2 0 4.0
13 5,175 2 . 2 1 1. 3.9
.~' . 14 7.007 4 4 4 0 5.7
15 12,600 7. 7 7 0 5.6
: 16 18,346 50 S0 35 15 27.3
17 26,016 7 7 7 0 2.7
. 18 26,016 4 4 4 0 1.5
. 19 27,297 8 8 6 2 2.9
. 20 32,292 25" 25 25 0 7.9
21 43,560 2 2 2 0 0.5
: 22 ] 45,345 4 4 4 0. 0.9
, . 23 50,000 6 6 6 0 1.2
24 50,400 193 193 188 .5 38.3
.- , 25 54,500 29 29 18 m 53
. 26 55,025 12 12 12 R 2.2
. : ‘ 27 -58,900 8 3 6 2 1.4
| gt 28 62,500 21 21 19 2 3.4
. . ‘29 64,583 - 29 29 .21 8 4.5
- 30 . 65,340 56 56 55 1 8.6.
. 31 65,369 6 6 .6 0. 0.9
", 32 . 65.369 A T . -5 2 - 1.1
. 33 65,369 5 5 1 3 "2 0.8
34 65,500 | - 7 7 .5 2 1.1
. ) 35 65,500 | s 5 3 2 0.8
l : 36 74,088 20 20 T 19 1 2.7 .
: 37 . 82,500 18 18 - 15 3 2.2
38 87,120 | 8 g~ | 1 1 - 0.9 '
: 39 87,120 | 17 - 17 17. 0 2.0
. 40 99,050 | . 18 18 14 4 1.8
41 135,036 1 ] 1T .16 ) 1.3
: 42 " 150,781 64 64 46. 18 4.2
. 43 ___152;460 .2 2 | 2 0. 0.1
. 44 1524600 | 0 - 1 - 7 7 0 0.5
o 45 157,584 12 12 10 2 0.8
46 164,085, 18 18 ] 16 2 1.1 -
' ' 47 362,690 51 i ] . 37 7S 1.4
‘ , TOTALS | 2,769,336 811 811 709 102 2.9
1@ '
. : ¢ ' N
21 LT

' ' ' ,
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" clay liner. The latter analyses also indicate that maximum solute flux through the same clay

assumptions of concentration ratios and relative fluxes of solutes at the bottom end of the

liner would be attamed in 83 years.

It should be noted that the data and predictions obtained for the cases discussed above

do not necessarily apply to all cases. However, information on the range-of breakthrough

 times exemphfxed by the preceding dlscussmns has been con51dered in developmg the

. ‘x
;o
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t
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‘ result in‘an assumed initial effecnveness for a smgle syntheuc liner of 85 percem (see Table

4. 2.3 Synthetic Liners

effecuveness index for RCRA Subtitle C liners shown in Table 1 In the indexing scheme

presented in Table 1, the RCRA_C liner system is rated at 85%. and 60% effectiveness at 30

and 100 years of operation. respectively.

4. 2.2 Clay Lmers

The processes. and ﬁndmgs described in secuon 4.2.1, pertaining to clay hners. result in

the effectiveness of this hner is reduced to 5%.

i

The processes and f‘mdmgs descnbed in- section 4. 2 1, pertammg to synthetxc liners,

). ‘Contrary 1o the smgle clay lmer wluch retains some level of effectweness at 100 years, it -

is assumed ‘that a smgle syntheuc lmer wﬂl be completely meffectwe (0%) at this ume This

' assumptton is based--on the fact that once the number and size of holes in the synthettc liner

reaches a certam level all mﬁ.ltratmg hqutds wxll likely move along the liner to low poxnts in

the system If these low pomts corunc1de with holes, then the liner will prov1de no barrier to

t

leakage..-

. 2~2’ r" )

an assumed 1mt1al effecnveness for a smgle clay liner of 70% (see 'I‘able 1) After 100 years, '_,

. . .
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4.3 SUBSURFACE BARRIERS

-~ The term subsurface barriers refers to a variety of low permeability cut-off walls or

N

- diversions installed below ground to contain, capture, or redirect ground- water flow.

Subsurface barriers are commonly used at hazardous waste sites to constrain or restrict the

N mrgranon of contaminants from a desrgnated area. To date, the most commonly used

subsurface barriers at hazardous waste sites are slurry walls. Barriers used in the RIA,

. however, also include high dens1ty polyethelene (HDPE) interlocking sheets. Although

relatively new m the, market place, these HDPE walls appear to be a viable and effecnve

" alternative to slurry walls for certain apphcanons, therefore, they have been included in the

proposed. indexing system.

“The effectiveness-time relatlonshlps shown in Table _.1 for HDPE walls and slurry walls

" are proposed assuming no intervening barriers like liners and covers. This implies'th'at these -

walls would be the first barrier- layers agamst the mrgrauon of contaminants. The

'effecnveness of ‘a particular bamer wall depends on site conditions, mix desrgn of wall )

materials (for slurry walls), joint 1ntegnty (for HDPE walls), wall thrckness. durabrhty of wall

o .matenals to chemrcal attack, -and the quahty of construction. The effecnveness mdrces :

proposed for barrier walls.in Table 1 are very general meg to- the novelty of this

contamment technology, most of the available data are predictive in nature Sufficrent time

- has not elapsed for their venﬁcauon in ‘the ﬁeld The examples rllustra:ed herein are also

provrded to: mdrcate the numeucal ‘regime of the decay of effectrveness w1th nme Condmons

<

vary wrdely, hence. the examples provrded may not apply to some specific cases

4.3.1 Slurry Walls.
In Table l the rmtral effecuveness of slurry walls is rated at. 70% Thrs rating roughly

reﬂects the drfficulues assocxated with controllmg the in-situ perrneabrhty of the slurry durmg




Y

.construcuon meg to the segregation of materials, zones of excessive permeabxluy often

develop Over a period of 10 years; the quantity of matenals that dlffuse across the barrier

3
> g
!-.'
3
e
i
H

'would perhaps be significant. A pollutant detention time of 30 years would be suffment to -

allow the phy51co-chem1cal mteracuons between contammants and slurry material to cause

bl

increases m wall permeablhty At 30 years, the assumed effectiveness of. slurry walls is

IO P N

‘ reduced to 20%. With the addition'of a new wall, however, Lhe effectxveness could be brought

. back to the ongmal 70% effecnveness Flgure Sisan example of the pro;ecnons of solute

wddmoe e

transport across soil- bentomte barriers. made by Mott and Weber, Jr. (1991) By the authors’

» estimation, slurry walls may not be effective after a hundred years of service, (0% effecuve) '

Pertinent failure mechamsms are dlscussed by U.S. EPA (1984d)

.
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432  HDPE Walls .

The effectiveness of HDPE barriers should depend largely on the tightness of the bonds

~ between adjacent sheets. -Manassero and Pasqualir{i have fumished illustrations of various

bond conflgurattons as shown'in. Figure 6. HDPE walls are perhaps the newest vertical

barrier technology Hence, long-term performance data are not available on them The

proposed numerical-indices which are tabulated in Table 1 are for smgle vemcal shects -
without complemennng slurry walls. The initial rating is 65% (lower than that of slurry walls) o

but the effecttveness decays ata much slower rate thh increase in time. Thts pattern is

chosen to be consmtent w1th the fact that HDPE walls are not suscepttble to most.of the.
faﬂure mechanisms that plague slurry walls. At 100 years, the effectiveness of HDPE walls -

is assumed to be reduced to the extent (25%) that the mstallanon ot’ a new wall would likely

* be warranted. This mstal_latton should increase the effecuveness back to the original 65%

Figure 6. Types of locks for HDPE walls (Manassero and Pasqualnm
’ 1992) : .
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" 5.0 SUMMARY

In this document, some of the technical issues that pertain to the long-term
effectiveness of waste containment systems have been discussed. A conceptual model of

effeetiveness decay'with service life has 'been described and illustrated. Based on that

-model, a numenca.l rating scheme which can be used m a Regulatory Impact Analysis (RIA)

as well as other projects has been developed. The reader is remmded that the scheme is a

' ratmg system developed on the basis of a review of avaxlable literature and the ‘technical

judgment of the authors. It is general m nature. and-a parucular facility can exhxblt a

. degradauon pattern that reflects the curve conﬁguratlon pattern. of Figure 1 but defies the

- ratmg scheme. In essence, the proposed scheme will be refined as more field data become, o

available for use with models to fill the information gaps that currently exist.
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