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LANDFiLL DESIGN STANDARDS

L LINERS

One of the objectives of proper fandfiil design is to protect ground water quality. Thig can be

achieved by siting landfills in sultable geologic (e.g., clay-rich) environments that naturally limit the
migration of polential contaminants into the ground water. However, in many areas of the country,
this type of geologlc environment is not locally avallable. In these instances, it is common practice to

construct some form of liner system (l.e., clay and/or geomembranes) 1o provide the necessary

protection of ground water.

Typically, liners are designed and constructed so as to achleve a maximum hydraulic
conductivity (e.g., 1 x 107 em/sec). The minimum liner thickness nacessary to achleve this dasign

hydraulic conduclivity is aften debated.
According 10 Dr. David E. Dante! of the Unliversity of Texas (April 1990):

*With sound construction practices, one should be able to construct a soil linor that
has an /n situ hydraulic conductivity that is less than or equal 10 1 x 10”7 cm/sec, il the

soil liner is at Jeast 2.0 feet thick.
Daniel (Aprit 1930) went on 10 conciude in the same study:

*increasing the 1thickness of a soll finer from 2.0 1o 3.0 feet will likely fower the hydraulic
conductivity of the liner by a factor of 2, Increase slightly the already high probability
that hydraullc conduciivity will be less than or equal t6 1 x 107 em/sec, offer sorme
butfer from possible damage of the liner due to desiccation, {rost action, or settlement,
and generally add & “factor of safety® to the design. Perhaps the answer 1o theé
question of whether & 3-foot-thick liner Is needed rather than & 2-foot-thick lirer should
hinga on other issues, such as whether the soll finer will be used with a Hexibie-
membrane liner 1o form a composite (in which case, the extra foot of soil liner
thickness probably provides aimost no measurable improvement in performance of the

composlie liner).*

Dr. Danisl based these two conclusions on a careful review of the literature, his files, and
information recenily compiled by one of his graduate students. Basically, Dr. Daniel compared iiner
thickness 10 in situ hydrautic conductivity for 23 diferent soll liners, which were bulit with what he has
termed as *good 1o excellent construction practice” and that had a thickness of 2 feet or more, Of the

23 finers, 22 of them, or 98 percent, had hydrauilc conductivities < 1 x 107 cmyfsec, The one sall liner
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which exceeded this limit had a hydravlic conductivity of 2 x 107 cmysec, Dr. Dunlel hypothesized that

lenger term testing may have resulted in a hydraulic conduativity vaiue for thig sita balow 1 x 107

em/sec.
In another stucy, Benson and Daniel (November 1950) applied two models that simulate the
flow of water In saturated, compacted soil liners, The purpose of this effort wag to answer the

question *How thick should a compacted soil liner be?* As a rasult of this work, Benson and Danlel

conciuded the following:

‘3. The field data and models show that soll liners that are 15 10 30 cm thick (1 or 2 lilts)
tend to be much more permeable than liners that are 60 10 90 cm thick (4 to 6 Iifts).
Litile reduction I hydreulls conduoctivity i achleved when the thicknees ls beyond

50 10 90 cm (4 to 6) Uls. (emphasis added)

4. If ut teast 4 s are used, the degree of bonding betwesen (ifts, L.e., the degres
to which zones and high horizontat hydraulic conductivity at lift interfaces are
eliminated, is far more important than the nurmber of lifts. Stated In practical
terms, the overall hydrauflc conductivity of a well-bullt finer composed of 4 lifts
(60 o) will be fur lower than the hydraulic conductivily of a poorly-built liner
containing many more lifts. Adding more lifis (60 - 80 em) will not ameliorate
the problems teft from poor construction (poor bonding between lits, or high
mean hydraulic conductivity within a Iift).

S. A reasonable minimum thickness for low-hydraulic-conductivity, compacted solt
liners is 50 10 90 cm (4 to 6 lifts).”

The research indicates that a minimum liner thickness of 60 cm (2 ft) should be sufficiant to
provide a maximum permeablifty of ¢ x 107 cm/sec. Thus, the 80-cm (3-vot) liner thickness proposed

in R 90-26 Section 811,1106(d)() Is on the upper end of the minimum thickness suggestad by Benson

and Daniel,

The research also Indicates that quality control during construction can be morg imponant
than additional thickress in providing a low-hydraulic conductivity liner. The construction quality
control regulations contained in R 88-7 should help 10 ensure that clay liner construction is of suilable
quality to achieve the desired maximum hydraulic conductivity.

In addition, the wastes generated by the foundry and steel industries are of a physical nature

that minimizes the potential for the wastes to pungture the clay liner. This Is contrasted with the
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physical characteristics and hlerogeneous nature of inunicipal solid waste which doss have the
potential to cause signiticant damage to the liner during the placement and compaction process,
Although formal liner compatibility studies have not been conducted, steel and foundry waste
leachate typically does not contain organic solvents at concentrations high eriough to materially
degrade clay liner pedformance. In addition, to my knowledge, there have baen no documanted cases
at foundry or steel waste landlills where clay liner performance has been materially affected by
exposure (o teachate. Therefore, there is no need to increase liner thickness to aflow for physical or

chamical damage.

il FINAL CQVER

The baslic purpose of a landiill final cover Is 1o minimize infillration of water into the landfill.
Other purgoses for a final cover include the following:
. Minimizing the potential for erosion of waste materials.

. Prevention of direct contact with the waste.

To properly minimize Infiltration, final cover Systems of landfilis typlcally involve some form of
low-permaeabliity layer constructed of materials such as clay soll, Ideaily, a low-parmeability layer
designed as parn of the final cover system should achieve & hydraulic conduntvh  which does not
exceed the hydraulit: conductivity of the Yiner system. In this way, the fin~ . ... - system will not aliow

a significant amount of inflitration into the site which would contribute 10 a buildup of leachate head on

the liner system,

The thirknsse Af the imv.parmeshiliy layer nerescary 1n arhiava this maximium narmeahility
should be no differant than tha thickness required for a liner system. This assumes that the material
(i.e., waste) underiying tha low-permeability layer presents a very stable foundation for compaction

purposas. Based upcn the research mentioned previously concerning liner thickness, a low-

permeabliity layer of at least 2.0 feat in thickness should be suitable for achieving an effective

hydraulic conductivity of 1 x 107 cm/sec.
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~ jn addition, the physical characteriétics of the foundrylsleéi wastes make tham ideally suited
as a base for éonsfvucﬁon of the low-pormoability layer. As placed, these materials are vt;ry stable
and undergo very minimal settiing. This Is In sharp contrast to the settlement which ¢an occur at
municipal solid waste (MSW) landiils. Also, insialiation of a low-parmaability layer on top of MSW can
be difiicult because of the *spongy* nature of the waste.

Another component of the final cover system at 8 landfill Is the final protective layer. The
purpose of this layer is t0 protect the low-permeabiliity layer from frost and root penetiation. Frost
penetration is typicelly @ function of climate srd soil texture, Soils which are granutar in nature (e.g.,
sandy soils) will usuaily freeze deeper than heavier, wetter clay and silt loam soils, Maximum mean
frost depths in lllinols typically do not exceed 16 inches with the exception of ihe extreme
northwestern portions of the state. The final protective layer must be &l least this thick to minimize the
potantial for exposure of ihe low-permeabliity layer 10 fraeze-thaw cycles.

A study conducted by Grele, Huebner, and Gordon (Seplember 1687) Investigated the root
penetration depth of cover materials at 22 landtills in Wisconsin. Their research Indicated that the
maximum root penetration was 18 inches, This penetration depth was measured at five locations out
of a 10tal of 77 samples. Therefore, the proposed thickness for the final protective layer of 18 inches

should be adequate to minimize the potential fer root penetration.

HIN LEACHATE COLLECTION

The purpose of a leachate collection system is to collect and convey leachate which is
trapped above the landfili finer. without a leachate collection system, leachate would simply poot
above the liner untli enough hydrautic head Is bull up 70 force the leachale 10 flow through the liner.
The teachate head may eventually reach an equilibrium levet at which the flow through the liner Is
equal 1o the rate of infiitratlon throug™ the final cover. |f the rate of infiltration through the final cover

exceads the rate of flow through the finer, the leachate head will continue to rise until the equilibrium

level is achieved.
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Laachate from foundry and sieel wasles'is genératad as infiltration percolates through the 7
wasie. Because these wastes are mineral in nalure, leachate is not generated as a result of biological
degradation of the materlal. Instead, the soluble constituens associated with these wasles are
{eached out from the waste as water percolates through the fill. This Is in shaip contrast with MSW
which generates leachate as the waste biologically decomposes within the fill

Bacause of the nature and characteristics of the foundry and steef wastes, and the lack of
signiticant environmentat Impacts associated with existing dispue™ faclilties which contain these
wastes, a leachate colleclion sysiem designed for a new monolfill should not have to function like a
conventional MSW Iandfill leachate collection system. lts baslc purpose is to provide a mechanism for
perlodic leachate head reduction In those Instances when leachate levels interfere with site operation.
Stated another way, the jeachate collection system is basically a back-up sysiem that Zan be opcrated
10 reducs leachate head levels only when thoy become excassive enough to interfere with landfill
opserations.

Followlng closure, the leachate heads in the monofill shouid be monitored to determine
whether or not an equilibrium level has been achieved. If leachate levels continue 10 riss to a point
whare the integrity of the liner Is jeopardized or leachate seeps are possible, the leachate collection
system should be operated to reduce thie leachato head. Continued perlodic operation of the
teachate collaction system, coupled with monitoiing of leachate quality, will be conducted during the
post-closure period. An assessment would then be made as 10 whether or not leachate collection

could be discontinued.

. DESIGN PERIOD

The purpose of a design petled for a landfill site is to specify the minimum period of time that
ttems of construction such as the liner and leachate collection system, must function. The design
period specifled by the current rules for chemical and putrescible landlills is the operating lite of the

fandfili plus 30 years. This design life [s based on the fact that MSW can undergo decomposition for o
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significant period of fime foliowing Mmt disposal. The Boérd has realized thét §hls degrédaxlon of
MSW can -6 srhanced through scheduling or teachate recycle within the fill. in these casas, the
Board has recommended that the design period be reduced 10 the operating life of the facility plus 20
years.
Stes) and foundry industry wasies do not undergo the typs of biolcgical decomposition that
MSW undergoes. In fact, these materials are typically very inent and bahave much like soll materials in
| the landfill, They compact well and are nut susceptible to the type of settlement expurisnced at MSW
‘ landfills, Leachste studios have shown that thess wastes typically release those chemical constituents
} not limited by solubility very early in the leaching process. In other words, leachate quality will tend to
rernain very consistent with time during thie operating lite of the site. Once the site is closed, these
wastes will tend 10 stabilize falrly soon, and & reduction in leachate strength will occur.  Also, the
strength of leachate from these wastes Is far less than the strangth of leachate from MSW, Therefore,
a design perio that includes the operating life of the site plus 20 years should be adequate for the

design of liners and leachate cofiection systems for landfitls that receive these wastes,
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ROLE AT RMT:

As Vice President of RMT's Noithern Region, develops and directs the reglon's solid waste,
environmental management, industrial hygiens, and asbestos management programs.

. Provides senior QA/QG for the following:

Landtill siting, design, and construction projects.

Waste charactierization and waste minimization studies.
Hazardous waste management projects.
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Remedial action projocte.

. Manages large projects for industrial clients.
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Industrial Landfills - Managed several industrial landfill projects for major
clients regarding all facets of landfill siting, design, and construction.

Remedial Action Alternatives Development - Gonducted options analyses
regarding the development of remedial action alternatives, weighing the
technical, regulatory, and economic aspects ol each alternative.

RCRA Closure - Developed closure strategies and determined *how clean is
clean® for closure of hazardous waste surface impoundments, waste piles and

lagoons.

Hezardous Waste Treatment - Managed several projects for industsial clients
to render hazardous waste nonhiazardous,

Hazardous Waste Minimizatlon - implementad a charge moditication program
to reduce lead concaentration in sludge, and developod alternatives for
management and disposal of hazardous and nonhazardous sludges.

Waste Characlerization - Conducted numerous waste characierization siudies
for industrial clients in more than ten states.

M.S., Civil and Environmental Engineering, Univarsity of Wisconsin-Madison, Thesis: A
Comparison Between Two Laboralory Baich Leaching Procedures and In-Field Leachate

Quality at Foundry Waste Landlills.

D.S., Civil Engineering, University of Delawar?
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" Registered Protessional Engineer
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. American Society ot Cill Engineers
. Technical Association of the Pulp & Paper Industry
. The Hazardous Materials Control Research Institute

PRESENTATIONS AND PUBLICATIONS:

1991 TAPPI Environmental Conference, April 7-10, 1881, San Antonio, Texas.
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American Foundrymer's Society, 40th Annual Northwest Regional Conference, February 28,
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- Measuring for Compliance
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MO-KAN Chapter of the American Foundrymen’s Soclety, February 21, 1991, Kansas City,
Missouri, TCLP, and the Foundry Industry.

Foundry Waste Disposal in Ohio Seminar, November 3-10, 1990, Cleveland & Columbus, Ohio.
- Overview of Pioposed Rules
- A Broader Perspective

Norhwestern Pennsylvania Chapter of the American Foundrymen's Socioty, April 17, 1880,
Erie, Pennsylvania. Sumviving the May 3, 1890, Land Ban.

Institute of Boiler & Radiator Manufacturers, May 10, 1989, Waupace, Wisconsin, Waste
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1889 TAPPI Environmental Conference, April 16-19, 1989, Orlando, Florida, Leachate Quality
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Western New York Chapter of The American Foundrymen's Soclely, March 3, 1989, Buflalo,
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American Foundrymen'’s Soclety Total Enwironment Conference, August 10-11, 1888,
Milwaukee, Wisconsin, The Changing Solid Waste Management Regulatory
Environment: A Consuitant's Perspective.

American Paper Institute, Tissue Division, Small Milis Program, June 6-8, 1988, Appleton,
wisconsin, Landfill Siting Strategles.
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The 1988 TAPP Environmontal Conference, A Fast-Track Approach to Dosign and Paormitting
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GROUND WATER MODELING AND GROUND WATER IMPACT ASSESSMENT

1. SUMMARY

in the following sections, we provide a discussion on the shoitcomings of ground
water contaminant traneport modeling for use in assessing potential ground water impacts
ndjecent 1o landillis, While we acknowledge hat there s some benefit to contaminan!
modeling, particularly when comparing tho attributes of two or more dilferent sites, we do not
pelieve that this type Of modeling is necessary or even appropriate for foundry or gtesl waste
tandiis. Other testimony provided by Dr. Stanforlh demonstrates the low-leaching potential of
this waste type, panicularly in a monolill environment. We o nat bslieve that the considerable
exponse of performing a contaminant transport model is warranted given the low leachabllity
and minimai ground water iinpacts expected as a resuil of foundry and stesl disposal
operations. A more simplitiad approach to essessing ground water Impacts, using the federal

maximum comaminant levels (MCLs), Is proposed as an altemative,
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. R6s8-7 GROUND WATER MODELING REQUIREMENTS

RB8&-7 requires that a ground water contaminant transpoit (GCT) modsl be used to
perform a ground waler impact assessmen. A GCT model must be used to predict the
concentration of all leachate constituents in the zone of attenuation surrounding the landfill
{the zone of attenuation extends 100 fee. from the edge of the landfill or to the property
boundary, whichever is less). The facility must be designed such that the ground water
qualtty standards specilied in 35 lilinols Administrative Code 811.320 are not exceedad autside
the zone of attenuation within 100 years of cloaure.

The modse! I3 aiso used to develop the maximum allowable pradicted concentrations
(MAPCs) which apply 1o aii monitoring points within the zone of attenuation. The same
calculations, data, and assumptions used in the ground water impact assessmert must be
used to predict the concentrations through time of all constituents at various locations within
the zone of aitenuation.

The monitoring points at which the MAPCs apply must ta localed as close to the
landiill as possible, within half the distana from the edge of the landfill to edge of the zone of
sttenuation. At least one downgradient monitoring well must be located at the edge of thu
zone ¢! attenuation, i.e., at the compliance boundary. The well will be used to monitor any
siaistically signiticant increase In concentration of any constituent,

If the concentration inciease is conlinned, ground waler assessment monitoring must
be done 10 determine If the landilll is the source of the ground water impact. i the landiill is
determined to be the source of the ground water impact and oonstituents at concentrations
exceeding ground walter quality standards are found &t or beyond the zone of attenuation, &
ground water impact assessment must be performed to detrimine tha extent of ground water
contamination. The assassment must evaluate the impact on ground water if the facllity
continues to accept wasts and must determine what remedial action is nacessary, Similarly, if

the landiill is determined to be the source of ground water Impact, and MAPCs are exceeded
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within the zone of attenuation, ihen a ground water impact assassmant must ba compieted.

The assessment is made using a recalibrated GCT mods! to determine ¥ remadial action is

necessary.
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1. DESCRIPTION OF MAJOR GROUND WATER MODELS AVAILABLE

in this section, we will provide a summary of ground water contaminant transport
mooeis and the assumptions involved in their d=velopment. Owr focus will ba on numerical
models since numerical models are required by R66-7. Dozens of comaminamnt transgort
modals are on the market today. [n an overview and slatus repoit on ground wator modeling,
van der Heljde ot al. (1988) list 73 comeminant trangport modeis, Our purpose here is not to
do an exhaustive comparlison of these, but 10 discuss the models' simllarities, the model
assumptions thal can aflect the results, and the relative costs for parforming these modals.

Most incGustrial waste leachates wiil produce concentrations of chemical species that
are low enough 8o that the specific weight of the leachate will not be substantially different
than that of the recelving ground water. In these cases, a conaminant transport model is
really two submodels: a fiow submodel used tu predict the distribution of hydraulic head and

estimate ground water fluxes, and a quality submodel to predict concentrations of chemical

species at different points within the fiow domaln.

Mode! inputs,

Tne least complicated comaminanm tansport models are those used to predict
concentrations of conservalive, of Non-reactive, species such as chioride. These modelo
generally only consider advective ground water transport, or that which is predicted by the
flow modal, coupled with the effect of dispersion or diffusion, which results in spreading of a
contaminant transverse and parallel to the ground water tiow direction. While thase models
do not consider the complexhies inroducad by chemical reactions, sven thasa models are not

totally reliable becausa of tha difficulty in defining dispersivity. This will be discussed later in

thig pragentation.

2204.01 4025:RTH:icma0425 4




i
\
i
x

0&:4’6‘619) 1935:4 L adOWME DI1L ATl AGEEy SR ERLA RAAR AT

To simulate concenirations of nonconservalive chemical spacies, the various chemical
and biological procasses that occur within the soil media must beé considered. Those likely 1o

be significart {or inclusirial wastes include the following:

» Adscrptlon - a process in which dissolved chemicals In the ground water
become attached 1o soil panticles and/or organic malter, and are removed
trom the dissolved phase,

. Transformation/Degradation - processes that deterrnine the fate and

persistence of chemical species in the ground water environmant. Thase
processes include biotransfol mation, chemical hydrolysis, oxldation/reduction,
precipitation/dissolution, and lon speciation/complexation. !n the comtaminant
wansport squation, these processes are usually combined into one reaction
term (van der Haikle et al., 1088). Tha reaction ratas depend on several
varables, Including organic matter and temperature.
Van der Heijde et al. (1888) provide & comparison of the features of available
contaminan transport mokiels, Most of the 73 numerical modals compared In their study

incorporate the processes described above, ind several Incorporato additlonal processss.

mitation taminant Transport Models

As is the case with grourd water flow modaels, the resulis of contaminant tranapon
models are alfecied by 1he assumpuona used. Unfortunately, these assumptions can be
highly vasisble and inaccurata. For example, dispersivity values have been ahownto boe a
function of scale and to increass with distance from the source (Geihar et al,, 1979). However,
even within the 107-707%, attenuation zone distance, as presented In A88-7, longitudinal
disporsivity may vary aver two orders of magnitude (Andsrson, 1884). Disparsion in porous
media is difficult to accurately estimate because of small-scale heterogenelties, such as sand
and gravel lenzes, that may occw even within deposis that are considered relativaly uniform,
Uncenainty of this mag:diude makes pradiction breakthrough times of various chemical
apecies at a downgradient polt very difficult.

Adsorption terma may also not be reliable for a fow reasons, First, as discussed in the

appendix to liiinois Administrative Code Section 81 1.317 (ground water impact assessment),

2204,01 4028:RTH:icma0426 5

S



05-68/81° . 10:65° 3608 831°3334 - - CRHTCING/AHADISON = s goed

laboratery techniques aro used to generaie distribulion coefficient (K, which ie used to predict
the degree 10 which nonconsesvative species will be retarded with respect to the ground water
flow. Typically, K, values are generaled for individual spacies through batch labcratory tests
using solutions of diiferem concemrailons of the chemical Gonstituent with different volumss of
soil. While we agree with the contention in the appendix for 811,317 that the procedure Is
reproducible, the proteduse is performed In a laboratory, using individual species /1 solution.
Leachate is a compiex mixture of chemicals, and the interaction batwean the chemicals can
afiect the adzorplion behavior of the »oid. In most caxes, actual leachate samples from the
fieki will not be avallable prior to the time the landfill is built. Furthermore, it is difficult to
aceurately simulate field conditions in the laboratory. Bond and Hwang (1988) state that *one
of tie biggest problems whh simulating natural ground water conditions in the laboratory is
properly represeniing the geologle media (i.e., iayering, heterogeneity, etc.;.” Adsorption
would not ganerally be considered a problem in coarser grained solls where this process is
not as signilica’ in afiecting ground water chemistry.

Chemical reacticns are éven more difficuit to accurately predict. Several reactions can
occur within the ground waker flow system. These Include oxidation and reduction (redox),
preciphation/dissolutio, . and lon speciation/complexation reactions. Oxidaticn/reduction
reactions are extremely mpontant in ground water systems in that they control solubility of
minerals, affect $oil adsorption processes, and control contaminant migration, particuiarly of
metal contaminants likely to be found in industrial waste, Geveral variables control redox
reactions, including oxygen content of the recharged ground water, distribution of organic
matter and redox buffers, and the clrcuiation rate of ground water (NWWA, 1990). This
requires measurement of Eh (redox potential, or essentially a meesure of the oxidizing or

reducing conditions within the sample), dissol/ed oxygen, and organlo carbon content, which

are atypical parameters in ground water monitoring programs. Eh Is aiso sensitive to changes

in atmosphaeric pressure (Ault, 1902); thus, reproduciblitty may ba difficuft.
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Thesa reactions also assume that chensical equilibrium cond.dons axisi withiin the
ground water flow system. This assumption is questionable, panticularly with a systemn of small
scals, such as that immediately downgradient of a landfill, and a system that has besn
strassad by a contaminand releass.

Not discussed here, altthough equally as importani, are the assumptions ussed for the
ground water fiow mode! inputs. Heterogenehies in the fieid can significantly alter the
assumed model inputs end therefors cause predictive arrors.

The cost for developing the data and running & contaminant transport modsl can vary
widely. The calibration of the model requires the ccllection of background ground water
chemistry of an extended list of parameters from several monitoring walle suirounding the
landfill. To account for saasonal variabllity in constiiuens concentrations. it would be desirable
10 cokect up to four rounds of data from these welis. The cost of coligcting and analyzing the
ground water samples vaiies depending on the size of the land(ill and the numbar of chemical
parameters, but $10,000 to $30,000 may be a reasonable estimate. The cost for running the
mode! can vary alsd, depending on the number of factors used to predict contaminant
concerrations, and the quality asaurance requirements dictated by the regulatory agency
reviewing the model. A reasonable estimate fos this cost may be $15,000 to $30,000. These
astimates do not include the cost of providing site-spaciic geochemical data, such as
genaration of K, values for various paramsters.

Given ihe evidence presented here, it woulr seem lliogical to base remasdiation and
enforcemen actions on a high-cost model that is only conceptual, when a simplor, lower-oost
ahernative would euffice 1o assess ground water impacts irom steal and foundry waste

monofilis covered by Section 817. This alternative Is discussed in Section IV,

2204.01 4025:RTH:lcrna0425 7
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IV. ALTERNATIVE AFPPROACH

While we acknowledge that there may be some benefit 1o the use of contaminant
transport models, we do not believe that their use for monofills contalning foundry and steel
industry wastes is justified. The wastes in steel and foundry monofills are a known
commeodily, as are the expected constituents of the isachate. If those constituents are
affecting ground water quailty, there is no need for an elaborate, expensive modsl to predict
concentrations. Instead, we would piopose an alternative approach based on the use of the
federa) Maximum Contaminant Levels (MCLs) as guigelines. Our proposal states that MClLs
shall not be exceaded 2t the compliance boundary and beyond. Goncentrations inside the
compliance boundary in excess of the MCL waould technically not be in violation of wator
quallty standards. However, our proposal also Includes & proposal for defining a
concentration level that is some percentage of the MCL that would apply at any location where
ground water is monltored (inside or outside the complianice bouidary), and that, it excaeded,
would trigger a response on the part of the facility. This response would be a written notice of
exceadance of this lower concentration standard, and possibly a requirement for further
action, depanding on the clrgumstances, This further action may be more frequsnt
monitoring, additional parameters, or soma other appropriate action. For the purpose of
consistency with R88-7, we have designated this lower concentration standard as the MAPC.

Use of this MAPC would serve as an "early warning sysiem® for potential ground water
quality impacts. This would also aliow flexibillty in tha location of monitoring wells, by not
necassarily requiring wells 10 be placed halfway between the waste boundary and the
compllance boundary. This is nol aiways practicel or possible adjacent to a landfill where
access roads, sedimentation basins, and perimeter surface water drainage swales imay be
located.

Those lower concentration standards have been successiully used in Wisconsin since

1985, when NR140 (Exhibit f-_). the Wisconsin Administrative Code for ground water quality,

2204.01 4025:RTH:.Icmand4256 a
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was adopted. This lower standasd, calied a Preventive Action Limit or PAL, is typically 10 to
20 parcent of the Enforcement Standard concentration (which, for inorganio parameters is
nearly always equivalent 1o the tedaral MCL). We would suggest that a concsntration o

10 percert of the MCL be adopted. in the case where the background concentretion of a
constituent may be above this MAPC, the percentage would be added to the background
concentration 10 determine the MAPC.

We would also suggest that 5 ndards be employed for parameters tha “ave a federal
sscondary maximum comaminarn leve WACL) (for example, chioride and manganese), and
any parameters indicative of waste lea @ migration (indicator parameters) that do not have
a standard assoclated with them. A | .ocedure similar 1o that of the MCLs would be used for
the SMGLs. However, since the SMCLs are not haahh related, we suggeast using an MAPC of
50 percent of the SMCL 10 trigger a response. Again, the SMCL could be exceeded Inside the
zone of attenuation. For indicator parameters, a background concentration would be
astablished based on pre-disposa) water quaiity sampling. A response would be triggered
based on a statistical exceedance of the sstablished baockground cancentration.

While this procedure is obviously lass compilicated than developing MAPCs as
raquired by Reg-7, we believe that the effort to develop them by that procedure is not

warranted for steel and foundry industry monofills.
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TESTIMONY OF ROBERT R. STANFORTH -
ON BEHALF OF THE ILLINOIS CAST METALS ASSOCIATION

1. INTRODUCTION

My name is Robert Stanforth, and I am testifying on
behalf of the Illinois Cast Metals Association and the Illinois
Steel Group regarding the proposed steel and iron foundry
amendments to the landfill regulations (Parts 810-815). My
testimony pertains to the leaching procedure used for evaluating
the foundry wastes, and the proposed numerical criteria used to
classify the wastes.

2. PROFESSIONAL BACKGROUND AND EXPERIENCE

I am a water chemist, with MS and PhD degrees from the
University of Wisconsin-Madison in water chemistry. I am
currently employed as a Senior Applied chemist at RMT, Inc., of
"Madison, Wisconsin, an environmental consulting firm., I have
worked at RMT for seven years. I have also taught environmental
chemistry at the National University of Malaysia for three years.

My areas of expertise at RMT is in the evaluation and
treatment of foundry and steel mill wastes, both to determine
their potential impact on groundwater and to find ways of
rendering. the wastes nonhazardous and nonleachable. W#hile at the
University of Wisconsin, I worked for a year on a background
study for the development of a standardized leaching test for the
US Environmental Protection Agency and on an American
Foundrymen's Society study on the leaching characteristics of
foundry wastes. In addition, after joining RMT I participated in
an evaluation of the impact of ferrous foundry landfills on
groundwater. All of these studies are germane to the proposed
regulations being discussed today.

3. PROPOSED LEACHING PROCEDURE

The purpose of the proposed leaching test is to provide
a rapid and simple means of screening wastes to determine which
might leach undesirable amounts of constituents into the
environment. Constituents that leach in a leaching test will
likely also leach after disposal, although not necessarily at the
same concentration as found in the leaching test. By measuring
what leaches in the leach test and comparing the results of
parameters of concern with a set of criteria, we can evaluate
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which wastes may leach undesirable concentrations of constituents
and therefore should be land disposed in less restrictive
conditions. However, any leaching test provides a simplistic
model of what actually occurs in a landfill, and the results that
are generated are several steps removed from the concentrations
likely to be seen in a landfill leachate. Concentrations of some
parameters in landfill leachate will vary dramatically over

time. Some parameters will be rapidly leached from the waste at
high concentration, with low residual concentrations after the
initial flush of material has passed through. The concentrations
of other parameters may be highly dependant on the composition of
the leaching solution or the oxidation-reduction status of the
waste material. Using the results of a single leaching test
conducted under a specified set of conditions is a simplistic
means of predicting the leaching character of the waste.

However, the need for a simple screening tool for
estimating the leaching potential of a waste overrides the
technical difficulties of extrapolating the leach test results
tofield leaching situations. It is important to realize,
however, that the leaching test is simply an easily applied tool
for evaluating leaching potential from a waste, and does not
accurately model all of the leaching conditions that will be
found in all landfills. The leach tests in short, are a
convenient regulatory tool for classifying wastes and can provide
useful information on the leaching character of the wastes under
a given set of conditions.

3.1 Description of test.

The leaching test proposed for use in classifying
foundry and steel wastes in the ASTM Standard Test Method for
shake Extraction of Solid Waste with Water (ASTM D 3987-85). The
test is essentially equivalent to the US EPA's Toxicity or TCLP
tests except that the leaching solution consists of distilled
water instead of an acetic acid buffer. the ASTM leach test was
chosen because it consists of distilled water instead of an
acetic acid buffer. The ASTM leach test was chosen because it is
similar to the widely used regulatory tests, yet uses a leaching
medium that is more representative of the type of leachate these
wastes are likely to encounter than the leaching solution used in
the EP Toxicity or TCLP tests. '
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Briefly, the test consists of mixing a given amount of
solid with 20 times its weight in distilled water, shaking for 18
hours, and then analyzing the filtered leachate for the
constituents of concern.

3.2 Comparison with other leach tests.

There are several standard batch leach tests that are in
common use for evaluating leaching from wastes. The ASTM water
leach test is compared with the EP Toxicity, TCLP and several
other commonly used tests in Table 1. The tests are compared
with the conditions that could have a major impact on the results
of the test, and so are important for selecting which test to
use.

3.2.1 Leaching Solution

The overriding influence on test result. .s the leaching
solution used in the test. All these leaching tests are
implicitly modeling what occurs to the waste after it is
disposed. The choice of the leaching solution used is based on
the disposal scenario being modeling. pH is generally considered
a major controlling influence on the leaching of many heavy
metals, notably those metals that occur in the primary drinking
water regulations, and for that reason is a major parameter
modeled in the leaching tests. The acidic solution used in the
EP Toxicity and TCLP tests is designed to stimulate the acidic
environment that occur in an actively decomposing municipal
landfill during a short portion of its decomposition cycle. The
water leaching tests are designed to stimulate what cccurs in a
disposal environment in which the waste itself controls the pH of
the leaching solution, as would occur in a foundry and steel
waste only landfill. High volume foundry and steel wastes are
frequently disposed in mono landfills. In such disposal
situations there is little if any putrescible material to
generate the acids that lower the pH as in a municipal
landfill. Rather the landfill leachate reflects the pH generated
by the waste itself. Therefore, use of a water leaching test is
a more realistic model of the pH controlling factors in the
landfill than is the EP Toxicity or TCLP tests. Therefore, we
recommend that a water leaching test be used.

P

e e

A e .



3.2.2 Other Leaching Test Conditions.

As discussed above, in the interest of time and
simplicity, the tests use some standard conditions that may not
be very realistic but that are necessary for running the tests
within a reasonable time frame. Conditions that can have a major
influence on test results for some parameters ~re the solid to
liquid ratio and :he aeration, or oxidation-reduction potential,
of the leaching solution. All the standard tests described in
Table 1, with the =2xception of the AFS leaching tes*s, use
similar solid to liquid ratios, and occur under aerated
conditiors.

3.3 Comparison of Leaching Test Results with Actual Field

Leachate Data

There is relatively little data comparing leaching test
results with actual field leaching concentrations, undoubtedly
vecause it requires a relatively difficult and lengthy study for
a good comparison to be made One study that has been done was a
comparison of leaching test results with landfill lysimeter and
jrouncwater samples around ferrous foundry landfills (Ham et al,
L986). this study has been mentioned in some of the previous
“estimony before the board.

The study found that leaching tests, boch the EP
oxicity test and an EP Water test, overestimated the
oncentrations of the primary drinking water metals in the
‘oundry waste leachate, but tended to underestimate the
oncentrations of very soluble or redox sensitive parameters
i.e., iron and manganese) in the foundry waste leachate and in
he groundwater within the landfill. The concentration of
issolved iron or manganese in water is influenced by the
xidation state of the metal. PFerrous iron, the reduced state of
ron, is generally much more soluble under naturally occurring
onditions than is ferric iron, the more oxidized state. Thus
ron i. much more soluble under reducing conditions that it is
nder oxidizing conditions. Many landfills, foundry waste
andfills included, have chemically reduced conditions within the
andfill, and would tend to solubilize iron. However, most
eaching tests are conducted under oxidizing conditions since
hey are shaken in air, and thus are not accurate models of the
onditions occurring within the landfill. It is understandable,
herefore, that the leaching tests are not good indicatorg of
eaching of redox-sensitive parameters in a landfill,




4, ' PROPOSED CLASSIFICATION STANDARDS

In the proposed requlations, the results of the ASTM
water leach test are compared with primary and secondary drinking
water criteria for the inorgani. parameters. Foundry and steel
wastes are predominantly inorzan..c, and few organic parameters of
concern are likely to be found in the wastes. Wastes are
classified into one of four categori=s, based on the
concentrations found in the leaching isst: beneficially usable
wastes, potentially usable wastes, low risk wastes, and chemical
wastes. The criteria for classifying the wastes are based both
on the federal drinking water standards and on the propnsed State
of Illinois groundwater standards,

The primary standards for beneficially and potentially
usable wastes are the federal primary drinking water standards,
or MCLs, for inorganic compoundss (40 CFR 141.11) with mercury and
silver not included in the list. Mercury and silver are not
normally found in appreciable concentrations in steel and foundry
wastes. For the low risk wastes, the concentrations are
increased by & factrr of five. Note that the hazardous waste
criteria for Toxicity Characteristics wastes are also based on
the MCLs, with the MCL criteria maltiplied by a factor of one
hundred. The proposed criteria are intended to be conservative,
particularly since the Hamstudy found that leaching tests lend to
overestimate the release of primary drinking water parameters
from foundry wastes.

For the gecondary standards, the criteria are derived
either from the federal or state secondary drinking water
criteria (SMCLs), or from the proposed groundwater standards (35
ILL Adm.Code 620.310). The basis for each of the proposed
secondary parameter criteria is given in Table 2. The varying
factors for choosing the criteria for the different parameters
and levels is based on an estimation of the accuracy of the test
for predicting concentrations and on the likelihood that these
congtituents may be in foundry anrd steel waste leachates.
Chloride and sulfate are frequently present in waste as soluble
parameters, and the water leach test may underestimate their
initial concentrations in a waste leachate. Thus the factor of 2
vas used for increasing the criteria between the potentially
isable and low risk wastes. Iron and manganese commonly occur in
leachates from foundry and steel wastes, and also in shallow
jroundwater systems. The criteria chosen for iron and manganese
vere based on the need to be not overly restrictive on the reuse
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f foundry and steel wastes. Iron and manganese are very
ommonly found in shallow groundwater, and are of concern for
iesthetic reasons rather than for reasons related to human
ealth. Thus having classification critevia for iron and
langanese that are above the secondary drinking water c¢riteria is
ot likely to have a deleterious environmental impact related to
euse or disposal of the foundry and steel wastes.

. SUMMARY

The proposed method for classifying nonnazardous foundry
nd steel wastes uses a standard leaching test with criteria
ased on federal or state drinking water criteria. The test
hould provide a useful means of screening and classifying

oundry and steel wastes under a standard set of lcaching
onditions.
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