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FCREWORD

This is the final report on a study supported in part by the Solid Waste
Management Office under one of the de:monstration grante (No. GOG-EC-
00006) authorized by the 1965 Solid Waste Disposal Act. The study,
conducted mainly by personnel of the [llincis State Geological Survey, was
sponsored by the Survey, the lllinois Department of Public Health, and the
University of 1llinois at Urbana. The period of the original grant was from
June 1, 1966, through May 31, 1568, and the grant was extended for an
additional two years through May 31, 1970,

This demonstration study attacks one of the problems inherent in
disposing of refuse on land: the ever-present danger that—unless properly
engineered in a sanitary landfili—the wastes will adversely effect ground-
water resources. The initial objective of the investigation was to obtzin c
hydrogeologic information about landfills. After the first two years of work,
however, it was apparent that a considerable amount of precisc data on
water quality could be gathered with relatively little effort or expense, and
this was emphasized during the final year of the project. The present volume
includes both the early and later dara and thus supersedes an interim report
on the project published by the Solid Waste Management Office in 1969,
Although thie conclusions reported apply specificilly to the soil types that
were tested, the procedures and methods used for the testing are applicable
for future hydrogeologic-landfill research.

—RICHARD D. VAUGHAN
Deputy Assistant Administrator
for Solid Waste Managcment
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ABSTRACT

Hydrogeologic and water qualty studies of
five landfills in northeastern lllinois werc carried
out ever a four-ycar period. The distribution and
concentration o dissolved solids in the vicinity
of four of these landfills was found to be con-
trolied by the configuration cf the ground-water
flow system. The major factors influencing the
attenuation of the dissolved solids after they
have left the landfill appear to be the particie
size of the earth materials through which these

dissolved solids move and the distance that they
move. *

Precipitation in northeastern IMlinois is ad-
cquate to infiltrate 2 completed landfill and to
leach the refuse. Where the natural environment
is not capable of containing or assimilating this
leachate the lzndfilling operation can probably
be made safe by lining the disposul site, by col-
lecting and trcating the leachate, or by other
relatively simple engineering prceedures.

SUMPMARY OF RESULTS AND CONCLUSIONS

(1) Sanitary landfill desigrs in most of north-
eastern Illinois need not include protective mea-
sures to prevent ground water poilution, because
the hydregeologic environment is naturaily pro-
tective, Where this is not the case, it shou!d be
feasible to in¢orporate protective measures into
the site design.

(2) Under typical landfill conditions approxi-
mately one-half of the yearly precipitation infil-
trates the surface. Infiltration begins by channel-
ing thrcugh the refuse before the moisture
content of the refuse has reached field capacity.
This water, in the form of refuse leachats, leaves
the disposal site cither in the subsurface or on
the surface.

(3) Preliminary work indicatas that in refuse
more than 5 to 9 years old and up (o at least 21
years old, there is a ycarly decrcase in specific
yield (effective porosity) of 1 to 1'% percent.

(4) Ground water mounds formed below the
disposal sites studied. The presence of such
mounds is proof of infiltration and downward
movement of ground water. The mounds are
aused Ly the reduction of the lLorizontal per-
meability along (he margins of the lardfill dur-
ing coastruction. The seerage of minor amcunts
of leachate from the sides of the cld DuPage

County rad Winnetka landfills is caused by the
formation of the ground water mound.

(3) Ths migration of the dissolved mlids in
refuss leachate is related to tinte, age of refuse,
distance, and earth materials. Fine-textured tills
were found to be effective in removing dissclved
solids from. refuse leachate, This effecti
decraaszed ropidly as the grain size of the in-
volved matcrials increased.

(6) At each of the sites studics, ground water
flow patterns are relatively simple, and the
hydrogeologic factors responsible for these pat-
terns can, in most casss, be readily understood.
The distribution of dissolved solids in the

. ground water is in general accord with the flow

system determinztions, the dissolved solids from
‘he vrious landfills moving in a predictabie

. The hydrog ic approach used in
this investigation should, therefore, be applic-
able to proposed disposal sites.

(7) Dissolved solids which originated in the
landfill are present in the shallow carth deposits
ba'aw and around the four landfills. At the Eigin
landfill these dissolved solids have migrated to
4ffect a shallow domestic well between the lznd-
fiil and the Fox River. The shallow deposiis at
the other three sites are not being, and probizbly
will not be, used for water supplies.

m
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RECOMIAENDATION FOR FURTHER WORK

(1) Determine the effecis of <lope, vege! ation,
and materials on infiltrution through ‘landfill
covers by study of existing landfiils.

(2) Determine the effectiveness of carth liners
by study of existing lund(ills with carth liners,

(3) Determine the effects of carth and of
other-types of liners by encouraging their instal-
lation on new landfills and initiating a monitor-
ing program cn these landfills.

(4) Initiate a laboratory and field study to
detcrmine the mechanisms by which dissoived
solids are removed from refuse leachate during

its migration throngh the carth and the effect of
refuse leachate on the physical properties of
fine-textured materials that could be used as
finers.

(5) lnvestigate methods of le schate treatment.

(6) Investigate methods of collecting and an-
alyzing samples of leachate.

(7) Confirm the analyses of trace clements
presented in this report by runping additional
samples. Run additional analyses for organic
componcnts in the leachate.
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HYDRCGECLOGY CF SOLID WASTE
DISPOSAL SITES IN NORTHEASTERN ILLINGIS
A FINAL REPORT ON A SOLID WASTE DEMONSTRATION GRANT PROJECT

This report presents the results of o detailed
hydrogeologic and water quaiity investigation of
four Jundfills in northeustern Illinois and initial
results from the study of a {ifth landfill. These
investigations were carried out to develop guide-
lines that could be used to evazluate the pollution
potential of existing and proposed lundfill sites.

Well points und piezometers were installed
around, within, and below existing [andfills to
determine the pattern of ground water flow and
then samples of gound water were collected
from selected points in the flow field and an-
alyzed. Data were collected on the dissolved
solids leached from refuse of various ages and on
the attenuation of these dissolved solids as they
moved away from the disposal sitc. Guidelines
for appropriate site designs in various hydro-
geologic environments are presented togsther
with a discussion of various techniques and pro-
cedures that can be applicd to these desizns.

Hydrogeologic and climgtic conditions in
most of Ilinois, northern Indiana, northem
Ohio. lowa, northern Missouri, North Dakota,
and eastern South Dakota arc comparable to
those in northaastemn lllinois, and hence, most
of the results of this investigation are directly
applicable in those areas as well.

Hydrogeologic conditione in the karst (lime-
stone solution) arcas of Kentucky, parts of
Tennessee, Missouri, southern Indiana, southern

Hlinois, and Floridy, where ground water moves.

through channels and fractures and turbulent
flow is pcssible, are not, however, comparable to
those in northeastern lllinois nor is the climate
in the semiarid southwestern United States. Here
the results of this investigation apply poorly or
not at all, Data from this report may or may not
apply in other arcus, depending on local con-
ditions.

The tables for this report are assembled
together fram data gathered in the investigation.
Detailed descriptions of the tield and snalytical
methods used fo gather and interpret the water

quuality and hydrogeolsgic data are presented in
the appendices.
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THE SOLID WASTE PROBLEM

We are currently (1967) generating more than
360 million tons of household, commercial, in-
dustrial, and municipal solid wastes per day,
which are dispesed of at a cost of 4.5 billion
doilars per year (Black er 2L, 1968, p. 48 and
50). Of budgeted community funds, 80 percent
is spent {or collection of solid wastes and only
20 per cent for disposal (Black er al,, 1968, p.
14),

Household refuse -consisting of food wastes,
packaging, containers, lawn trimmings, and dis-
carded furniture and appliances-is the largest
single source of solid waste generated. Most in--
dustrial waste, with the exception of paper and”
wood packaging, does not become mixed with
houschold waste. [ncustrial waste was nat con-
sidered in this report, although the resuits of this
study will, in most cases, apply to the near-
surface disposal of these types of material.

Solid waste disposal is a widesprecd problem
that is most acute in’ the metropolitan areas,

" which are charactzrized by concentrations of
people and intense competition for land. Dis-
posal sites in use are being filied rapidly. In ad-
dition sprawling urbanization is making it more

- difficult to develop new sites. Efforts to find

' remote sites iiave encountered similar diffi-
culties.

The landfill is the most commonly used
approved method of solid waste disposal and has
in most areas replaced the open burning dump.

A sanitary landfill is defined by the American

. Society of Civil Engineers as *a method of dis-

. posing ~f refuse on land without creating nui-

- sances or-hazards to public health or safety. by
utilizing the principles of engineering to confine
the refuse to the smallest practical area, to
reduce it to the smallest practical volume, and
cover it with a layer of carth at the conclusion
of cach day’s operation or such more frequent
intervals as may bLe necossiry™ (American
Socicty of Civil Engincers, 1959, p. 1), This de-
finition implies that if a tand(ill is teuiy a “sani-
tary landfill™ it will not adverscly aifect the

quality of surface or ground water, and most
regulations involving landfills prohibit their
location where this is likely to oceur.

Besides the sanitary lundfilt other approved
methods of solid wauste disposal include inciner-
ation and composting. Incineration is most com-
monly used in the metropolitan areas in order to
obtain a significant volume redustion of the
waste; however, incincration produces an ash
residuc that also requires disposal, and a landfill
is shil nccessary. Composting of refuse is prac-
ticed on a very limited bhasis owing to the small
market for the compost material,

PREVIOUS RESEARCH

Major investigations have been done on the
production and migration of contaminants
leached from buried solid waste. Only those par-
ticularly relatcd to this project are discussed
here. A comprehensive bibliography on sanitary
lundfills has been compiled by Steiner and Kantz
(1968), and a series of bibliographics on refuss
collection and disposal kas been prepared by the
U. S. Public Health Service (Van Derwerker and
Weaver, 1951; U. S. Department of Health, Edu-
cation, and Welfare, 1954; Williams, 1958;
Williams and Black, 1961; Black and Davis,
1963; Weaver, 1963; Black et. al., 1966).

Some of the earliest landfill investigations
were in New York (Carpenter and Setter. 1940:
Eliassen, 1942a,b). Existing fills of various ages
were sampled to determine the composition of
the refuse, leachate. and gases produced.

Major studies were made in California. The
University of Southern California (1952) pub-
fished the results of an investigation of leaching
in incinerator ash dumps. The quantity, quality,
and ion exchange characteristics of leachate
produced by water pereolating through cylinders
filled with ash were determined and a field study
was made at a manhole installed in an existing
ash dump from whicl leaschate was collected
trom various depthis within the ash, The sewmiarid
climute of southern Culifornia made it necessary



to apply water at the surface to produce a
leachate,

The University of Sc .thern California also
carried out a study of leaching in a sanitary land-
fill from 1952 to 1960 (University of Southern
California, 1954, 1955, 1956, 1958, 1960).
Wells were installed and samples of the ground
water in the vicinity of the landfill wece collected
and analyzed. Percolation of water through bins
of refuse, gas production, ard the temperature of
the refuse were also studicd.

Other studies of shrinkugs, gas production,
and temperature of refuse in drums or in spe-
cially constructed ceils have been made in the
same area (Mcrz, 1964; Merz and Stone, 1963a,
1964, 1965,1966).

A series of investigations was made by En-
gineering-Science Inc. for the California State
Water Quality Control Board. The first of these
(Engineering-Science lnc., 1961) reviewed the
available information on the effect of refuse
dumps on ground water quality and included
discussions of vertical and horizontal movement
of leachate, decomposition processes, and gas
production and movemeat. Additional (Engine-
ering-Science Inc., 1963-196€6) studics were pri-
marily field studies concerned with the pro-
duction and migration of gases produced at fill
sites and with tandfill construction (1969).

In Great Britain, a comprehensive laboratory
and ficld study (Ministry of Housing and Local

Government, 1961) was made of the quantity

and quality of refuse leachzte produced under
saturated and unsaturated conditions and the
changes - in this leachate as it moved through
sand and gravel filters. Bevan (1967) reviews the
science and practice of the controlled tipping of
refuse in Britain, including discussion of specific
case histories. Because of climatic similarities,
the results of this study are gencrally applicabl
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tively low permeability.

Fairly comprehensive investizations on the
chemical quality of leuchate (Qasim, 1965), acid
and gas production (Lin, 1636), and micro-
biology (Cook, 1966) of landfills have been
doue at West Virginia University,

In Pennsylvania, investigations of the decom-
position of refuse and the production and
migration of leaciate {rom landfills are being
conducted at the Drexel Institute of Technology
(Fungaroli ct al., 1968, 19684, 19685, 1968c)
and at the Pennsylvania State University (Lane
and Parizek, 1968). These studies are similar to
those conducted in Iltinois and described in this
report inasmuch as they cxamine the movement
of leachate through the subsurface and the
amount of reagvation of the leachate.

An investigation of the hydrogeolegy of solid
waste disposal sites is being conducted in
Madison, Wisconsin (Kaufmann, 1969) that is
also similar to this study but that considers dif-
ferent hydrogeologic environment,

COMPCSITICN OF SCLID WASTES

Both the physical and chemical compositions
of refuse are highly variabl: and dependent on
factors such as geogrzphic location,
standard of the generating community, and sea-

son of the year. A typical breakdown of the:

physical and chemical comgositions of house-
hold refuse is given in table ! (Fungarofi ct al..
1968b, p. 11).

A basic reason for the tremendous increase in
the volume of waste generated today is the in-
dividual packaging of foodstuffs and the near

1i tion of returnable contziners. This has

to northeastern Illinois.

Several papers (McCormick, 1966; Sawinski,
1966; and Andersen and Dornbush, 1967) were
published on the study of a landfill in. South
Dakota. This study made use of bored sampling
points to describe the envelope of dissolved
solids that had moved from a landfill located in
a shallow saind above a clay unit that had rela-

resulted in a greater percentage of paper and

paper products in the waste and the abundance
of glass bottles, aluminum cans, and plastic con-
tainers, Prepared foodstuffs and houschold gar-
bage disposal units have reduced the actual
garbage content in today's refuse, Conversion to
oil and gas heating has also reduced the ash con-
tent of domestic wastes.



PRCCESSES AND PRODUCTS
OF DECOMPOSITION

Matural decomposition of orzanic refuse is
performed by bacieris or other microorganisms
that vse the refuse as food to convert it to their
own cell substances throuph the biochemical
process of respiration. The basic decomposition
is aerobic in the carly stages but soon becomes
anaerobic. Engineering-Science, Inc. (1961) gives
a full account ot the decowpasition process and
Bevan (1967, p. 34) gives a detailed chart
‘showing the process and products of the decom-
position of houschold refuse (table 2).

Refuse decomposes at various rates, sugars,
starch, fats, foodstuffs, and proteins being casily
metabolized and fibrous celtulose materials such
as wood and paper being more slowly decom-
posed. In addition to the composition of the
refuse itself, the major f{actors controlling the
rate of decomposition ure the presence or
absence ol oxygen, time ol burizl, the age of the
fandfill. compaction. the temperaturs, and the
moisture content. Elizsson (19420h) found that
increased amounts of paper in the refuse re-
sulted in a decrvase of refuse breskdown and
that the breakdown was dependent on moisture
content, the optimum moisture content being
40 to 80 percent. The various orgunic and
inorganic substances in refuse can be leached
by--water moving through the refuse—either
ground water or water from precipitation, This
leachate can be described as a liquid high in
dissolved solids and in chemical and biological
oxygen demand. A portion of the leachate is
derived immoediately after implacement during
the initial compaction and scttfement of Jhe
refuse,

Gas generated by the decomposition of refuse
is released both to the atmosphere through the
cover material and to the surrounding ground
and ground water and carbondioxide and methane
are the most importaat gases produced. Carbon
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dioxide increases the hardness and acidity of the
water, which in turn adds 10 the solution and
leaching of acid-oluble constituents in the
refuse. Methane forms a Rammable mixture i
air (S0 1§ percent).

ATTENUATION AND MIGRATION
OF DISSOLVED SOLIDS IN THE SUBSURFACE

As refuse leuchate igrates through the
gound it ic attenuated by ion exchange®, dilu-
tion, dispersion, complexing, and filtration.
Finc-textured materials have a high capacity for
retaining the dissolved solids in refuse leachate
and, owing to their low permeability, permit
only a low rate of ground waler movement.
Sands and gravels have less capacity to retain the
dissolved solids, and higher rutes of movement
are possible. Fractured rocks retain relatively
small amounts of the dissolved solids, and
extremely high rates of ground-water movement
are possible.

The amount of jon exchange a particulur ion
undergoes depends on several factors, including
the following: (1) the type of material involved:
(2) the ions already present on the surface of the
clays: (3) the other elements in solution and
their concentration.

Laboratory experiments to determine how
much exchange will take pluce as a sclution is
passed through a given matcerial may yield useful
resuits, although extrapolation to ficld cone
ditions requires care (McHenry ctal, in de
Laguna, 1955, p. 190). In such experiments
most of the soil is in contact with the solution,
but under ficld conditions, in which per-
meability varics because of minor sand bunds or
fractures, (his may not be the cuse.

Considerable work has been done on fon ex-
change on soils in relation (o radivactive wastes
disposal (de Lagunu, 1955). For more basic
understanding of ion exchange on clay minerals,
the reader is referred to Grm (1953, 19602).

*Grim (1953, p. 1200 enplains ion exchange as follows he clay minerzls have the property of sorbing certain anions and
cations and relnming these moan exchangeable seate, ie., these ions are exvhanevalle for ather 2nions ur vations by
treatment with stch jons in g water solution ., "

4



In studies of a landfill in Brituin, self purifica-
tion, partscvlarly of organic matter, was shown
to take place within the landfil! itself (Ministry
ol Housing and Locsl Govt. 1961, p.26). The
degree of purilication was thougiit to depend on
the length of time the refuse leachate remains in
the fill. The same study (p. 23) established thut
by passing refuse leachate through sand and
gravel filters “gencral purification from organic
matter can be cffected under 2naerobic con-
ditions.™ Purification from chlorides, sulfates.
and aminonia was found to be much less
complete. Although serobic purification would
be more cfticient. it is not likely to be effective
in ground waters.

Investigution by McCormick (1966, p. 4145)
in South Dakota disclosed that the hardness of
leachate-contaminated ground water was sub-
stantially reduced as the water passed through a
small surface pond. Although no use has been
made of this phenomenon, it ntay be worth con-
sidering in the selection of disposal sites.

According to McKee and Wolf (1963, p. 19),
less dilution und dispersion of contaminants wiii
take place in ground water than in surface
waters because ground water flow is almost al-
ways laminar, whercas flow of suifzce water is
generally turbulent. For this reason, the total
volume in a ground water reservoir cannot be
considered effective for diminishing the con-
centration of contaminants. McKee and Wolf
(1963, p.20) also pointed out that the low
travel velocities and diffusion rates in ground
water reservoirs can produce scrious con-
sequences when contamination occurs. Con-
tamination may not be noticed for years or
decades, und ¢ quertly no complaints are
registered. Even after contamination is dis-
covered, the quality of water is already degraded
and the damage cannot be repaired mercly by
stopping the source of contamination. A longer

_ time may, be required to purify ground water
than to contaminate it.

POLLUTION OF GROUND WATER

If dissolved solids are allowed to migratz frem

- o
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a disposal site, they may rcduce ground water
quality below recommended drinking  water
quality standards. Relatively few instances of
well pollution from solid wastes have, however,
been described in the literature. A partial ex-
planation for this is that most water quality
analyses focus on the bucteriologic aspects 2nd
few chemical analyses 2re undertaken. Moweover,
inorganic contaninants generally must be at
relatively large concentrations before they can
be tasted, and funds are scldom available to in-
vestigaie reported instances of “‘bad water.™

Lang (1932), Lang and Bruns (1940 p. 8),
Rossler (1951), and Schiinker (1956) report in-
stances of ground water contaminztion from
solid waste disposal sites in Germany. Two in-
stances of pollution of water wells by landfills
have becn reported in Illinois (Walker, 1569,
p. 38, 39).

These examples of ground water pollution
have resulted from the emplacement of refuse in
materials that allowed for the rapid movement
of dissolved colids and little attenuation. They
indicate the importance of hydrogeologic con-
ditions present at the disposal site.

REGULATORY VERSUS
OPERATIONAL ATTITUDES

-Because ground water pollution can result
from the land disposzl of solid wastes, a po-
tential public heaith problem exists. Thus there
is a need for repulations to protect the public
interest when a site is proposed for a landfill’
operation. The various regulatory agencies—
local, county, or State health departments—are
concemed with the overall opcration of the
landfill and umong other things with the migra-
tion of lcachate and its cffect on the zround
water. Landfill operators, on the other hand, are
more concerned with the economics of site
acquisition, local zoming requirements, and
general public aceoptance.

Conflict about the suitability of a projosed
Tandfill site can be attributed to several factoss.
Until cecently, criteria did not exist within the
regulatory agencies for evalusting the suitability



of a proposed tandfill site from a water pollution
control standpoint. Presently a timited number
of states have published standards and rules and
regulations governing lundfill operations, Some
of these, however, are incomplete or uarealistic
with regard to specific hydropeologic criteria.
Probably the primary reason that suitabls site
selection has been difficult for both the reg-
ulatory agency and the landfill operator is that
the sitz is seldom treated as an engineered in-
stallation, such as a dam or a building. This
would entail a determination of existing geologic
and hydrogeologic conditions by borings and a

»

" WOOTGL 29103

landfill opzration dasigned to use the natural
conditions where possible and subject to modif-
ications where necessary. it could also ental the
control and moritoring of dissolved solids

migrating within the ground water flow system-

with possibly the collection and treatment of
affected ground water to ensure an efficient
operition acceptable to the regulatory agencies.
Regulation is api to be strongest in areas where
water use is high, alternate sources of water are
not readily available, and the cavironment itself
is not protective. Here polluticn may be very
expensive to remedy.

NYRBROGEOLCGIC INVESTIGATION OF THE LANDFILLS

THE HYBROGEOLCGIC APPROACH
AND FLOW SYSTEMS

The specific objectives of this study were to
study landfiil sites in northeastern liinois in
various hydrogeologic envi to deter-
mine the e(fect of geologic and hydrogeolegic
factors on the {low system at thase sites, and to
gather information concetning the quantity,
types, and aitenuation of dissolved solids
moving from the filf area. An understanding of
ground water and contaminant movement in
three di it is y for ing the
suitability of a site for use as a sunitary landfill.

A pround water flow sysiem: describes the
progressive movement of water through the
earth, In the shallow subsurface of a humid
region such as northeastern lilinois ground water
occupies all the openings in the carth materials
below the top of the zone of saturation or the

and, together with surface runoff, is the source
of water in permanent swamps, marshes, and
lakes. The driving force for ground water move-
ment is gravity., The direction of ground water
movement is a function of presmrc A set of
flow tines that in adj; throughout their
path from the rccharge (o the discharge ares
form a ground water ﬂow system (Toth, 1952).
More comp ions of flow systems
are given Dby Hubbert (1940), Toth (1962),
Mcyboom (1966), Meyboom, Van Everdingen,

d Freeze (1955), and Freeze and wuhcnpoon
(1966 1967, 1968).

In any flow system, the discharye area is at a
fower elevation than the recharge area. Figure |
illustrates a hypothetical flow system that could
exist in northeastern {llinois. It is composed of

cmall local systems superimposed on larger .

systems. A small system might include only a
small pond :zcnng as a discharge area for the

water table. Above the water table the openings
are filled with both water and air. Rain or other
water that has entered the ground in what is
called 3 “‘recharse area™ moves downward to the
top of the zone of saturution snd becomwes part
of the ground water recervoir, This water is dis-
charged apain to the surface in a “*dischage
area.” where it forms the buse flow in streans

diately adjacent to it, which would
be the recharpe arca. This small system could be
superimposed on 2 secondary system that dis-

charges into a secondary stream and receives re- :

charze from @ much larger system that in tuen
discharges into 3 major streara or Luke Michigan.
The foregoing is not the complete picture of
conditions, becususe: the shallow anuifer systems
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upward flow prevents lcachate from waste disposal operations near the ground surface from moving downward to
pollute deeper aquifers. . ' .
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are penetrated by pumping wells. These pump-
ing wells have, to some extent, distorted the
natural fiow system by creating discharge arcus
in the subsurface in the form of pumping concs.
The actual travel path of the ground water is
controiled by a number of factors; the major
ones are the following: (1) the sequence and
hydrologic propertics of the earth materials,
(2) the topography and elevation of the top of
the zone of saturation, and (3) the pumpage in
the area.

In northeastern lilinois nearly all the recharge
to the shallow aquifers originales as pre-
cipitation in upland areas. After entering the
ground, this water migrates downwurd to the
top of the zons of saturation and then in the
direction of the potential gradient (or from a
point of higher herd to a point of Jower head) to
discharge at the surface at a lower elevation, pro-
vided, of course, that it is not intercepted by a
well. In the recharge area migretion down the
potential gradient corrccponds to movement
away from the water table surface whereas in 2
discharge arza the water is moving towards the
watar table surface.

In some parts of northesastern Illinois a
general {low system can be determined from in-
formation obtained from two or thres piezo-
meters installed at depihs of less than 30 feet. In
other parts of the area determination may be
more complicated and exp

A concept of ground water flow that con-
siders only flow in the piane of the water table
surface ot parallet to the slope of the ground
surface can be misleading. A third di i
the vertical component of flow, must also be
considered, even though it may be much ftess
obvious than the horizontal component. Where
_there is an.upward component to ground water
flow, dissolved solids from wastz disposal oper-
ations near the ground surface cannot move
downward to pollute decper aquifers but may
move into surface waters. Where a downward
component of flow is present, the possibility
that dissolved solids will move downward must
always be considzred.

T
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PHYSICAL SETTING OF
NORTHEASTERN ILLINQiS

PHYSIQGRAPILY. Northeastern Hllinois is
near the center of the physiographic Central
Lowland Province, a glaciuled lowlynd with
generatly low retief. The maximum clevation is
1,192 fect above mean sea level in northwestern
McHenry County, the minimum is 505 feet
where the Des Plaines River leaves western Will
County. The precent level of Lake Michigan to
the east is about 580 feet above sea level.

A low northsouth-trending drainage divide is
present a few miles west of Lake Michigan, West
of this divide, drainage is into the Mississippi
River system. Natural drainage east of the divide
was originally into Lzke Michisan: however,
much of this has been divertcd to the west into
the Mississippi River system. In the flatter parts
of the area, most of the drainage hos been im-
proved initially for agricultura! development and
as urbanization spread for the alleviation of
flooding problems. Much of the morainal or
hilly country is without integrated drairige, und
swamps 2nd lakes are common.

CLIMATE. The climate of Chicsgo is con-
tinental (U.S. Weather Bureau, 1962). The mean
annual temperzture is 51° F, with monthly
normal means ranging from 26° F in January to
76° F in July. The mean znnual precipitation is
33.18 inches with monthly means from 1.60
inches in February to 4.07 inches in June. The
mean annuz! snowfall is 36 inches. Mcan annual
evapotranspiration (Jones, 1966, p.5) is ap-
proximately 25 inches, with a potential evapo-
transpiration of 28 inches.

During the 1938-1957 period the region
averaged 90 days per year with mean duily
temperatures below (reczing. The growing sca-
son for the Chicago region ranges from 150 to
180 days with most of the region in the 160- to
170- day range (Suter et al., 1959.p. 13).

GEOLOGY. Unconsolidated deposits over-
lie the bedrock in most of the region. They
range from less than 1 fool to morc than 400
feet thick uand include recent znd  glacial
deposits.



The major unconsolidated deposit is glacial
till, un unsorted mixture of clay, silt, sand, and
boulders depasited directly from the glacial ice.

tie uppermost bedrock is a fractured dolomite
of Shurizn Age, & major aquifer in the region.
The structure of the area is relatively simple, the
rocks dipping castward at 10-15 feet per mile,

More detoiled descriptions of the geology of
this arca are presented in reports of Suter et at
(1959), Willman (1962), Zeizel ctal, (1962),
and Buschbach (1964),

GROUND WATER. Ground water is an
important resource in northeastern lllinois. In
1963, 24 percent of the population obtained
water from this source (Shcaffer and Zeizel,
1966, p. 62). There are threc major sources of
pround water in this arca, the deep bedrock
aquifer system, the shallow bedrock aquifer
system, and the glacial drift aquifer system. The
glactal drift aquifer system and the shajlow bed-
rock aquifer system are most susceptitle to
poltution from solid waste dispasal because they
are at or near the ground surface. Susceptibility
of the shallow bedrock aquifer system is further
increased becuuse it is composed of fractured
rocks. Recharge to the placial drift and shallow
bedrock aquifer systems is jocally derived from
precipitation or surface water.

The top of the zone of saturation (or the
water table) is gencrally within 5 to 10 feet of
the ground surface except in places where the
presence of permeable materials at or near the
ground surfzce has allowed drainage.

INVESTIGATIVE AND AN ALYTICAL
PROCEDURES

SITE SELECTION. Four sites were studicd
during the first 2 years of the investigation and
onc, the Blackwell Forest Preserve site, in late
1968 (ligure 2). These were selected from a list
of disposal sites in northeastern Iinois compiled
by Sheaffer ot al, (1963, p. 70-71). Existing sites
were chosen because they are in environments
typical of those likely to be used for future sites,
they represent common hydrogeologic environe
ments in northeastern Niinois, and the alicted
ground water leaving them provides a tracer to
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verify hydrogeologic findings. Selection of the
sites was based on their hydrogeolagic environ-
ment, age, access, and extent of the fill,

During the final years moie emphusis was
placed on the water quality aspeet of this in~
vestigation. Additional borings were instatled at
the DuPage County and Winnetka sites, where
the hydrogsology was simple and would not
obscure water quality relationships, and one
boring was installed in a high above-ground land-
fill in the Riackwell Forest Presarve.

DATA COLLECTION AND ANAL-
YSiS. The invesiigation of cach site included
field examination supplemented by study of
maps and air photos, surveying, searching for
Ieachate springs, and discussion with operators.

At each site, except Blackwell, initial sub-
surface informiation was obtained by driliing a
series of four holes to bedrock with standzrd
rotary cquipment. Drill cuttings wcre collected
and described, and an electric log, with a con-
ventional seif potentizl and resistivity curve, was
run for each hole. Subsequent borings were
made by a holiow-stem auger rig, an air drilling
rig, two smail power augers, and by wash boring.

After each boring had been completed, one r
more piezometers or well points were installed
and the hols was backfiiled.

A piszometer is a screen or permeablz plastic
tip fastened to the end of a pipe or tube, This
screen or tip is instzlled in a boring, 2nd the
annulus above it is sealed so that water level
measurements or water samples obtained from
this installation apply only to a restricted areain

the bottom part of the boring below the sealin

the annulus. A well point is similar to a piezo-
meter except that there is no scal in the annulus
and therefore measurements or water samples
obtained from a well point may reflect con-
ditions over a larpe vertical interval.

Many of the piczometers instalied by contract
boring are muitiple complctions; that is, several
piczometers, at different depths, are installed in
one bore hole and separated hydraufically from
one another by an impermeable sealing plug
above and below the screen,

Drilling, sampling, und piczometer con-
struction procedures are deseribed in some delail
in appendix A, and descriptions of samples from
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the varicus contract boriags are given in ap-
pendix B. Table 3 gives construction detzils of
the varicus well points and piczometers, and
tables 4 and S pive the resuits of textural and
clay-mineral analysis.

After a preliminary determination of the flow
system had been made, additional well points
and piezometers were located to give the mux-
imum amount of information on both the
hydrology and the composition of the ground
water. During the last year most of the instal-
lations ‘were lccated to sample leachate of
various ages and to investigate changes in the
composition of affscted ground water over short
horizontal and vertical distances within the same
geologic unit.

The steps used for collecting samples from the
well points and piezometers varied with the
sampling point involved and are discussed in
appendix A.

Water quality analyses by the [llinois Depart-
ment of Public Health ase prasented in table 6,
by Allied Laboratories in table 7, and by the
State Geological Survey in table 8. Table 9
preseats the results of more detzifed chemical
analysss, most of which were by Tenco Hydro/
Acroscierces, Inc. The laboratory procsdures
used in the chemical analyces are discussed in
appendix C.

Analyses of soluble salts in the materials
associated with the landfills are presented in
tables 10 and 11, chemical analyses of the till
itself in table 12, and analyses of cation ex-
hang ity and exci bie cations in

- table 13.

P

Under the dircction of Profcssor I. Edgar
Odom, Departrient of Geology, Northern
Iitinois University, extracts of soluble salts were
obtained from the materials underlying the land-
fills and submitted to a fluorescence analysis,
These data are presented in appendix D.

Gas samples wer: pumped from a perforated
iron pipe driven approximately 3 fect into the
ground. The pipe hoses and pump were flushed
with landfill gas und then the sumple was col-
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lected by displacing water in a submerged muson
jar. The results of Lhe analyses of these gases are
presented in table 14.

The llinois State Geolegical Survey also con-
ducted approximately 200 ficld conductivity
measurements, 300 field sodium chiorids tests
with a Hach Kit, and 50 field tests for metkane.
These data are on file at the State Geological
Survey,

Hydrographs, or graphs of water levels, were
necessary in the hydrogeolcgic analysis. Water
levels were recordad by float-activated recorders
in borings with 4-inch-diameter casing and by
electronically activated rccorders in borings with
smaller diameter casings.

In the second study year three recorders were
available. These were raoved about to gather
specific data. During the last year eight per-
manent recorder instullations were constructed:
two each at the old DuPage County, Winnetka,
and Woodstock landfills and onc cach at the
Elgin and Blackwell lzndfills. In other piczo-
meters periodic mezsurements of water levels
were made with a meassuring tape, and hydro-
graphs were constructed {rom these meusure-
ments. These hydrographs were begun when the
well was completed and heve been continued to
the prosent, with measurements at various
intervals.

Microbarographs were obtained by recornding
barometcrs instailed at cach site. The records
were nccessary for correcting the hydrographs
for batometric effect. Precipitation records from
automatic rain gauges and mandal rain gauges at
each site were also obtained and checked against
those from the U.S. Weathe. Bureau stations at
Wheaton, Aurora, Elgin, O'Hare Field, and
Antioch. Hydrographs, microbarographs, and
rain{al! data from the investigation are on file at
the {llinois State Geological Survey. The hydro-
graphs are interpreted in some detail in appendix

Slug tests werc run to determine the per-
meability of materials associated with the land-
fitls, This is accoruplished by lowering mictal
cylinders into 2 boring to displace the water
level upward and then measuring the subsequent
deadine in water level with a steel tape.

s e e

—



Results were checked by mcasuring the rise in
water level after the metal cylinders hud been
removed. Slug tests were aiso run by adding or
removing water {rom the bore hole, but this
method is less convenient. The results of these
tests arc pressated in table 5.

Pumping tests were conducted to verify the
results obtained fiom the slug tests, and, in ad-
dition, a sample of the till similar to that at the
DuPage County site was' subjected to a lab-
oratory permeability test. The resuits of per-
meability testing are discussed in appendix F,

To caleulate the amount of water infiltrating
into the landfill, the effective porosity or
specific yicld of refuse was determined by filling
a 110-gallon container with water and refuse and
then mcasuring the amount of water that would
drain from the mixture. This procedure is dis-
cussed further in appendix E.

Resistivity and temperature studies as well as
a study of effect of storage on leachate were also
conducted. These are described in appendix F
and G of the interim report Af this project
(Hughies ¢r al., 1968).

Also included as apy are
of the flow into and out of the landfills and
discussions of the analytical methods used in the
water balance estimate and permeability cal-
culations (uppendix H).

lculations

THECLD DUPAGE COUNTY LANDFILL

GENERAL DESCRIPTION. The old
DuPage Couniy landfill is loczted in the NW% of
sec. 32, T. 40 N, R. 9 E,, DuPzge County, on
both sides of the Chicago Great Western Rail-
road where i, crosses Powis Road, south and east
of the county airport. Figure 3 is a map of the
general area with a cross section showing the
topography and general geologic sequence. '

The old DuPage County Iandfill lies on a flat
upland area Letween the Minooka Moraine on
the west and the West Chicago Moraine on the
cast. The elevation is about 750 fect above mean
sea level. The area was originaily swampy and
much of the drainage was through tiles emptying
into Kress Creek, which flows to the south along
the castern side of the fill arca.
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Before filling operations began, the south-
castern part of the landfill was used as a holding
area for livestock cnroute to Chicago. Filling,
which was by the trench and fill method. began
in Septembler 1952 gsnd was completed in
November 1966. Initially, there was controlled
burning of wood or puper on the north side of
the fill, but this was discontinued. Figure 4
shows the history of the {illed arcus.

According to the operator, ‘trenches were dug
to the top of the water table and were as much
as 6 fect deep. At times these trenches contained
water. On the south side of the railway, refuse
was piled 6 to 8 feet above the original ground
surfacc in a single lift, or layer, and north of the
railway, refuse was piled about 15 fect above
original ground surface in two [ifts,

Houschold and' garden refuse was the major
component of the fill, but small smounts of
spent battery acid, construction debris, and
sewage sludge were also buried at this site. The
daily cover material was at laast G inches thick
and the final cover 2 to 3 feet thick. The cover
material is primarily silt loam, clay, silty clay
loam, and clay loam (dcsignation of soils (rom
U.S. Department of Agriculture classification of
soils) aithough many stones are present in sonte
parts.

Fine-textured waste materict (rom an asphalit
plant is being used to fill low areas on the north
side of the railway,

Weeds cover most of the surface of the land-
fill. The east haif of the south side supports a
fairly dense growth of trees. predominantly
cottonwoods but with some white ash and black
cherry. Trunk diameters of the trecs on the
berms between the filled trenches are up to 4
inches at 4 feet above ground level. Smaller trees
are present over the trenches, but most of these
die before their trunks reach 2 inches in dia-
meter. An unsuccessful attempt at farming was
made on the western purt of the sauth side of
the fill, but according to the farmer the cover
material was too stony. We hope to investigate
further the factors affecting plunt growth on
landfills.

The central part of the landfill is relatively
flat, but slopes increasc towards the vdges, be-
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come quite steep, and are eroded slightly along
all but the southern margin. Since the surfuce is
poorly drained and there is little runoff, most of
the precipitation infiltrutes or evaporates.

A fuirly simple sequence of gevlogic imaterials
is present. Beginning with the surface, it is as
follows:

Cover material on landfill-2 to 3 feet of clay

foam, clay, silty clay loam, and silt loam.

Surface material around landfili-gencrally 2

. to 3 feet of silty clay loam and clay loam.
Upper sand (surficial sand)—sandy silt {0 silty
sand, generally present surrounding and below
the lundfill. As much as 21 feet thick below
the landfill; generully about (0 feet thick
siong the southern edge; thins at the northern
cdge, the western edge. and in the field south
of the landfill; absent in the northeastemn
comer. Sand and gravel bar present in the
southeastern corner and other bars are scat-
tered in the ficld south of the fill. Probably
represents @ thin outwash from the West

Chicage Moraine Approximately | mile to the

east.

Upper till-clayey silt till, § to 25 feet thick,

similar to the predominant surficisl deposit

throughout the entirc region east to Lake

Michigan,

Middle till-sandy silt till, 12 to approxi-

mately 20 feet thick. Not continuous beneath

the site.

Interbedded sand~sand and fine gravel, 1% to

5 fcet thick. Not continuous beneath the site;

limited to the castern half and probably as-

sociated with the sandy silt till alrcady

mentioned.

Lower till-silt till at base of section; 20 feet

thi=k. Unit has also been recognized in

western DuPage County.

Bedrock —fractured dolomite of Siturian age.

A major aquifer in the urea.

HYDROGEQLOGIC ENVIRONMENT.  Fig-
ure § is a plan view of the landfill and sur-
rounding area showing the location of the bor-
ings and the contours of the top of the zone of
saturation.

A ground water mound 6 feet high has devel-
oped below the lundfill. The reasons for its
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formation are discussed at the end of this
section, This mound is the major featurs of the
ground water surfeee, and, because of it, springs
or seeps have developed along the sides of the
fill, particularly to the south. The area with
springs secms to be growing larger, and standing
puddles of leachate from these springs arc pre-
sent south of the lundfill area. Flow from the
springs along the south side of the landfill was
measured at 1% gallons per minute on Juiy 1S,
1969.

The formation of the mound indicates that
precipitation has infiitrated the [l surface uand is
moving through the refuse. Springs develop
where the ground surface intercepts the top of
the zone of saturation, commonly ulong the
margin of the fill where the ground slopes more
steeply than the slope of the ground water

round. .
The centiguration of the contours on the top

of the zone of saturation south of the filled area
has probably been influenced by drainage
through ficid tiles. Some of these tiles were
broken during construction of the factory south
of the Iandfill. Tiles east of this factory were
about 2 feet deep with a total flow cstimated at
5 gpm on June 19, 1969. A tile located im-
mediately north of the factory was broken dur-
ing the spring of 1969. It wasabout 5 feet deep
and reported to be fiowing at a substantial rats
when broken.

Figure 6 shows vertical sections across the
filled area with lithology and equipotential lines.
Section A-A' shows predominantly lateral move-
ment with 2 downward component through the
surficial sand and a nearly vertical gradient
downward through the underlying till. This high
downward gradient through the glacial drift may
reflect the lowering of ground water potentisis
in the underlying dolomite aquifer by pumping
at the industrial plant immediately north of the
site. Section B-B' shows the influence of Kress
Creek on the configuration of the flow system
along the cast side of the landfill.

QUANTITATIVE EVALUATION, In-
filtration into the DuPage County landfill was
calculated by the method described by Williams
and Lohman (1949, p. 127-129). This method is
based on the premise thut the cumulative annual
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fise at the top of the zone of saturation, multi-
piicd by the specific vield of the materials in-
volved, represeats the annual ground water re-
charge. Discharge occurring concurrently with
recharge is not considered, but the crror is prob-
ably not significant in the present study.

Infiltration culculated by this method was
90,000 gpd. Of the 28.58 inches of rain that fell
from Qctober 1, 1968, through September 30,
1969, approximately 15.6 inches intiltrated.
This is higher than the percentage imeasured in a
British study Ministry of Housing and Local
Government, 1961, p. 11}, in which approxi-
ntately 40 percent of precipitation was reported
to huve infiltrated.

Discharpe from the landfill was calculsted to
be 100,000 gpd, §7.000 gpd moving lateraily
through the surficial sands and 13.000 moving
downward through the till hencuth the landfill.
Water discharging as springs has not been con-
sidered. As discussed in appendix G much of the
lateraily moving water also moves downwards
through the glacial till outside the margins of the
landfill. The figure obtzined for infiliration into
the landfill is 10,000 gpd lower than the
obtained for discharge (rom the landfiln This
discrepancy does not mean that more water
{eaves the (ill than iniiitrates but reflects in-
accuracies in our data. The figure obtained for
infiltration. 90.000 gpd, is more accurate, This is
discussed further in appendices F und H.

The velocity of fluid moving (hrough the sur-
ficial sand south of the fill was calculated to be
approximately GO feet per year. The reliability
of these velocity calculations is discusred in
appendix H.

WATER QUALITY. Figure 7 presents sel-
ected chioride concentrations in the surficial
deposits in the vicinity of the old DuPage
County landfill. Chiorides were sciected to ittus-
trate the migration of dissolved solids from the
landfill becausc they are an excellent tracer; that
is, they are not readily attenuated during migra-
tion, and since a reasonable quantiative analysis
of chlorides is relatively simple, a large amount
of data on the distribution of this element was
gathered, These duta show a genc.ui decrease in
the chloride concentration with distance from
the landfiil.
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Chlorides have moved at feast 6O feet but
not more than 900 feet southward from the
landfil. The landfill along this side when
sampled was about |1 to 10 years otd. On the
assumption that chlorides move at u velocity of
60 feet per year (appendix G) time has been
adequate for them to have migrated this dis-
tance.

Road salt is befieved responsible for the high
chloride values in MM 33 and MM RO, inasmuch
as these wells are adjacent to the roud.

Water from the broken tiles south of the land-
fill has a chloride content of 90 ppin, These tiles
are apparently collecting some leachute from the
landfill; however, because they are shallow and
do not fully penetrate the surficial sund they
would not completely block the southward
migrstion of all the leachate,

Table 16 lists the weils that best illustrate the
movement or lack of movement of cldoride
from the landfill into the till underncath the
tandfill. It appears that chlorides have reached
LW 1S and LW 16, which are 4.3 and 2.6 fect
respectively Lelew the landfiil (LW 10 has a
leaky seal), but have reached none of the other
wells. These duta are discussed in more detail in
the section on geochemical studivs,

According to our hydrogeologic data approxi-
mately 4.5 x 10" gpd of water is moving out of
the cast side of the landfill (fig. 6, cross section
B-B"). If this water contains 809 ppm chloride as
is present in MM 65 and it !l enters Kress Creek
to be diluted 39 timces (appendix G), it would
raise the chloddes in Kress Creek by about 20
ppm. This has not occwired, because as shown in
figuns &, only part of the leachate that leaves the
cast side of the landfill moves into the creck.

A few wells were sampled on November 11,
1967, and again on February 19, 1969, Only in
MM 12 was an appreciabic change in water
quality noted. In this case the concentration of
dissolved solids rose.

WINNETKA LANDFILL

GENERAL DESCRIPTION. The Winnetka
1andfill is located in Cook County in SE' sec.
19, T.42 N., R.13 E., on Willow Road ecast of
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the Skokic River. The topography is flat and the
clevation is 620 feet above sea level. The fandfill
itself is the highest point in the vicinity. Figure 8
is 8 map of the area, with an eust-west cross
section showing the topography and general
geologic sequence.

Filling was begun in January of 1947, and the
land(ill is still operating. Figure 9 shows the
history of the various parts of the fill. Vith the
exception of the southwest comner, which was
used for materials such as bricks and concrete,
and some ash in the westem third, the arex was
used for the disposal of household refuse, grass,
leaves, and commercial packaging. Filling was
done in trenches, S to 6 fcet deep, the refuse
being piled 6 to 8 feet above the original land
surface in two lifts.

The cover materials consist of clay loam,
loam, and sandy loam. Weeds cover most of the
fill surface, which is relatively flat, poorly
drained, and has steep slopes at the edges. Dur-
ing the winter of 1968-1969 a dike was con-
structed on the top of the landfill along tha cast
side.

A simple sequence of geologic materials is
present at the Winnetka site. From the surface
down, it is as {ollows:

Cover on landfill-1% tg 3 feet of clay loam,
loam, and sandy loam.
Topsoil adjacent to landfill~1% to 4% feet of
silt loam and loam, some cinders and roadfilt
from construction.
Alluvium-sandy clay and silt-S to 11 feet
thick (thins to the west) with minor amounts
of silty sand and gravelly sand; probably of
alluvial origin and related to flooding by the
Skokie River.
Transition zone-5 to 6 feet thick, inter-
bedded fine sand, silt, and silty clay.
Tills-silty clay till 96 to 100 feet thick,
sandier and stonier at depth.
Sand and silt—thin interbedded sand and silt
stringers, gravelly in places; less than 2 feet
thick: commonly 6 inches to 1 (oot thick
interbedded with the till; cannot be correlated
from one boring to another with certainty;
response to pumping also indicates short
lateral extent.

Bedrock—fractured dolomite of Silurian age: a

0

WOOTGL@@O117

major aquifer in the area,

HYDROGEOLOGIC ENVIRONMENT,  Fig-
ure 10 is a plan view of the fill and surrounding
area, showing the location of the borings with
contours of the top of the zone of ssturation.

As at the DuPage County lundfill, a ground
water mound approximately 8 to 10 (cet high
has formed bhelow the filled area. The slope on
the west side of this mound is stecp, showing the
influence of the deep sewer line. The <ope is less
abrupt on the southeast part of the il iu the
more recent rcfuse.,

Cross scctions of the filled arex, showing the
lateral and downward flow through the surficial
alluvium and downward gradients through the
underlying till, appear in (igure i {. Minor sund
and silt beds within the titl scction are not
shown, because they cannot be correiated from
boring to boring. :

The location of the sewer on the wust side of
the filled area is shown on cross section B-B°,
This sewer distorts the flow systetn and serves us
a collector for part of the water moving {rom
the west side of the landfill.

A series of piezometers (MM 15-23 inclusive)
were installed west of the southwest comer of
the Winnetka landfill to determine whether
fracturing could be detected in the tills. Each of
these installations was completéd and sealed in
the same manner, and slug tests were run on
each. The permeability valucs obtained should
be high for any of these piezomuters open to
fractures. No firm cvidence of fracturing was
obtained in these wells, nor in any of thie other
sealed piezometers which were installed in the
tills during this project.

QUANTITATIVE EVALUATION. In-
filtration into the Winnetka landfill was cal-
culated to be 28,300 gpd. Ov' the 25.20 inches of
rain that fell from October 1, 1968, to Sep-
tember 30, 1969, approximately 15.6 inchesin-
filtrated.

Discharge from the landfill was calculated to
be 31,800 gpd, 30,090 gpd of this moving later-
ally through the alluvium and | ,800 gpd moving
downward through the till hencath the tandfill.
As discussed previously, the higher figure ob-
tained for discharge reflects inaccuricics in our
duta.
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The velocity of the water moving laterally
through .the alluvium was catcui~ted to be ap-
proxinately 85 fect per year at the edge of the
landfill where gradients are stespest.

WATER QUALITY. Figure 12 shows the
chloride concentrations in water from the sur-
ficig! altuvium in the vicinity of the Winnetka
land(ill. As at the old DuPage County landGll
these data show a general decrease in chloride
concentration with distance from the landfill, A
reasonable value for the velocity of chloride
migration through the surficial alluvium zlong
the north, cast, and west sides of the landfill is
85 feet per year, and at this velocity time has
been adequate for dissolved solids from the fand-
fill to rcach MM 25, 36, and 12, The velocity
along the southern edge of the land(ill, where
the ground water gradient is lower, is approxi-
mately 50 feet per year, o rate adequate for
chlorides to have reached MM 6, but apparcitly
not MM 43. it is believed that the relatively high
chloride values in MM 37 and LW 7 are from
polluted water migrating south from a ditch
along the south side of the tandfill, This ditch
contained polluted storm water pumped out of
the fandfill trenches during filling operutions.

Data gathered west of the lundfill in the
vicinity of LW Rindicate that the sewer is acting
as an iuterceptor for the shallow ground water.
Wells west of MM 9 contain little chioride. The
permeability of the alluvium is fower in this area
(appendix F), and this indicates finer textured

d ts and 4 ly a greater atten-
tuation of the chlorides moving through them.

Table 17 lists the wells that best illustrate the
movement or lack of movement of chlorides
from the landfill into the tll bencath the
Winnetka landfill. Large concentrations of
chlorides are present in LW 9A, LW 10A, and
LW,

We hiave no reason to sspect that leschate is
feaking down the annulus of Winnetka LW 10A,
and we must therefore assunie that a reliable
sample was obtained and that chiorides have
migrated to this depth through 8.8 feet of
alluviem and transition 7one and 14.5 feet of
till. The rate of movement o chilorides through
the tilk appears to e greater liere than at the old
Dulage County landfill and could be upproxie
mately | (oot per year or more. A more exact
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estimate is not possible without knowledge of
the rate of travel through the trunsition zone
and alluvium, which might contain localized
channels of high permeability,

The presence of large concenteations of
chlorides in LW YA is more dilficult to explain.
The following possibilities exist:

(1) This hole was drilled with air. During the
drilling the annulus was plugged and air pressure
built up enough to fracture the ground and force
air (or methzne) to the ground surfuce up to 20
feet away from this boring. These fractures
could allow downward migration of leachate
into this sampling point.

(2) The seal leaks or the pipe is broken.

LW 12 is 0.9 lout helow the top of the tilt
and is scparated from the refuse by a total of
about 9 feet of alluvium and “transition zone,”
2 unit containing fine sand stringer. Since the
landfill is 16 ycars old at this point it is not
surprising that chiorides have migrated this far,

A few wells were sampled on December 4,
1967, and again on February 25, 1969. In some
of these the quality of water chunged appreci-
ably. LW 8A and 9A showed un increase in
chlorides. sulfate. calcium, magnesium, and
hardness. and LW 8B showed an increase in
chlorides, These wells should be resumpled be-
fore we attribute these increases to the migra-
tion of leachate.

Explanuation of the water quality data at this
site requires more speculation than we would
like. It is hoped that subscquent studies will con-
firm the conslusions we have drawn.,

ELGIN LANDFILL

GENERAL DESCRIPTION. The Elgin land-
fill is located in Kane County, in SW% sec. 35T.
42 N., R3E.. off the Frontuge Road north of the
Northwest Tollway, on the west side of the Fox
River

The clevation at the (ill is upproximately 750
feet above sea level, and the ground surfuce
slopes to the south and cast towards the Fox
River, Figure 13 ix a nup of the general ares of
the landfTil with sn cast-west cross sectjon show-
ing the scquence of materials and topography.,

The site was originaily a pravel pit. A berny of
taitings Irom this operation forms the castern
side of the Landfill, and other trenches and
berms are present in the northeastern part of the




144

0100 200 300 400
—
Scale in test

1617 19§21 23
o

L
— -
L™ LW & 240M
LWS 701
& 600N & 450H o205
URCHE
[ ]
P
7”5
Landti
LW 1040
L2 L

LWh. IS..I‘. 7

Hibberd Road

21

1. 49957 2 38 (17"
1ol 5f :
2 ®g.15m
EXPLANATION

Samphag peint
Ssmpling paint desiroysd

oo chisslde

Ssmple tahea sad snsiyzed 8769

r e e

Figure 12, Selectod chiorld

Hach kik anstysiy

“In the alluvium st the Winnstka landfill. Quantitative analyses of this

wacer 1of Dol the migrath

of

increasing distance from the landfill.

; that Is, there is a general d in chiorid: ions with

€ECTT0O0IOL00M

e et et e et et e e ot A e et

'
1
i
L



e I TP Y e e e e e - e e ey

WOOTGL@O2124

!
n
|
|
L-—l\-\.

i

8
N -—J €00K CQ
[

KANE_CO

ELGIN

Verhest craqperatnn 20X

_a Jtinois ¥

Elgin lanatill

AN
Moquoketo Shale and Colomile 2 Silurion dolomite
ey
-] 0.8 ]

Ferisonial teale

Figure 13. Map (top) of the general srea of the Elgin lzndfiil, and an eart-west cross section A-A’ {bottom) showing

the topegraphy and the cequi

ence of matericls,

27



site,

Filling was begun in 1948, and the site was
operated as an open buming dump, primarily in
the western half of the arca. Recent excavation
in this part of the [ill exposed approximately 3
fect of ash covering the original soil. In May
1264, the site was converted to 4 sanitacy tand-
fill, and 10- to 15-foot trenches were cxcavated
and filled along the castern side and the north-
ern part of the site. More rocently sections of
the southwest and northern part of the site have
been excavated and refilied with new refuse, the
excavated ash being used for cover, In 1968 and
1969 a new lift was placad over the central and
north-central parts of the landfill.

Forty percent of the fill material is reported
to be household and garden refuse, and 60
percent industrial waste. Some acid waste has
also been buried, and several lime sludge pits are
present in various parts of the landfill,

The surface of the landfill is smoothly graded.
Refuse is covered daily with loam and clay loam,

" and grass is planted on the older, completed

parts.

Figure 14 shows the age of the refuse in
various parts of the site. This map is of Guestion-
able accuracy because records were not kept in
the carly stages of filling, and since then, parts
of the older fill have been excavated and refilled.

The sequence of geologic matcrials from the
surface down is as follows:

Cover material on landfiil--2 fect loam and

clay loam with some sand, gravelly in part.

Topsoil adjacent to landfill-claycy silt o

sandy silt 2 to 3 feet thick.

Sand and gravel-generally coarser textured -

between the landfitl and the river; 8 feet thick

west of the fiil, 3 to 9 feet thick beneath the.

fill (most removed in gravel operation), as
much as .20 fect thick east of the fill, and
approximately 10 feet thick near the river.
Tills~scveral sandy silt tills 5 to 39 feet thick
(generally 15 fect) underlying the sand and
gravel: peat or soil zone at depth of 16 fect in
the tills adjacent to the Fox River.

Basal sand and gravel-thin (2 to 5 feet) sand
and gravel overlics bedrock bencath the fill:
thickness 2 to 5 feet at the river to 17 feet
west of the fill.

WOOTGL@@0125

Bedrock - fractured dolomites of Silurian age

bencath the site: doiomite and shale of the

Maquoketa Group 5 feet at the river to 17

feet west of the fill. .

Bedrock - fractured dolomites of Silurian age

bencath the site: dolomite and shale of the

Maquoketa Group present immediately west

of the site.

{{YDROQGEQLQOGIC ENVIRONMENT. Figure
15 is a plan view of the Elgin lundfill and sur-
rounding arca, showing the location of borings
and contours of the top of the zone of saturs-
tion. There is no evidence of a ground water
mound at this site, and the water table slopes
relatively smoothly to the cast and southeust
towards the Fox River.

Figurc 16 shows cast-west sections through
the fill arca. Section A-A’, the northern section,
shows predominantly lateral movement with a
downward component, except for the area near
the Fox River, where movement is upward.
Section B-B', the southern section, shows up-
ward movement dominant in the deeper till unit
and lateral movement in the shallow sands. It
also shows that the lower part of the refuse at
LW 7 is suturated.

The Elgin site is located in the dischurge arcs
bordering the Fox River, and since the Fox
River is one of the mujor drainages in north-
castern [Hlinois, this & prohably a major dis-
charge arca.

QUANTITATIVE EVALUATION. (infil-
tration into the Elgin landfill was caleulated to
be 66.000 gpd. Of the 26.62 inchies of rain that
fell from October [, 1968, to September 30,
1969, approximately 15 inches infiltrated.

The hydrogeology at this site is more com-
plicated than that at the old DuPage County and
Winnetka sites, and the dats did not warrant
estimating the output from the filled area,

On the assumption that 66,000 gpd of ground
water from this landfill enters the Fox River it
would be diluted spproximately 120 times at
low flow and 7.400 times at average Mow, Since
low flow is likcly to b accompanicd by low
ground water levels and therefore by low output
from the fill, the higher figure for dilution is
probably mose representative. This approisal
docs not consider tint the ground water leaving

o s o ey

3

'



WOOTGL208126

Oct. 1967

g
¥t

Dec. 1969

May 1964 <

Fence line
2%

to A
oct. 1967 4
w
Cultivated 3

fand ¥
- \July 1962 L
to 3
May 1964 "
Swemp

Aprit 1953 July f / .

New Open Pit 1o 193¢ J

July 1962 | 0ct. [
W
Cet. 1967 1967

Sept. 1954
\\:* A 1‘0195 e
DT N\Joriiase 1955 [
Pre-1954 July ,’

(T

Frontage Road

a Northwest Tollwaym
\ SW. Corner Sec. 35, T. 42 8, R. 8 €., Kane County

Scaie o toel

Figure 14, Mistory af filling at the Elgin landfill, This landfill was begun in 1948 and completed in 1970. This map is
of questionabie sccuracy hecause records were not kept in the ealy stages of filling, and since then, pacis of the older
{ilt have been cxcavaied and refilied.

29



WOOTGLQ@@@127

Y
R

{
* Spoil banks \“
Y

Cultivated

fand
Landfilt

£

F4

g !

M ]
;

!
LWI New Opan Pit

H
s

’
’
Il

! etWnl
A

Landtill

g

S

L 'e.)gr\'
e—— h

~ Frontage Road

Northwest Tolhw: ‘W

Piezometer or well locations
Lines of cross sections
Contour on top of zone of saturation
(March 4, 1968 M.S.L)

X Piezometer or well destroyed

*
A-A’

720

100
Scaie 1n feet

Figure 15. Plan view of the Eigin landfill and su di

g area, sh

aof biorings and the contours of the

1op of the zone of saturatian, There is no avidence of 3 ground water mound at this site. The water table slopes

relatively smoothly to the east and southeast toward the Fox River.

30



1€

A 'y
il Sail, Spod bank
X Cover w2
. Sond and gravel v Aefuse
no} / il \Q Creon il
e teon
& Sandy silt il / I~ == (L
L0 A ,\"o : [ g oo
mob WY — e / AN
T : 4 \ ~,
o] swmdad w,..\,'\ & \ o
-] : —_— ’ N (¥
B R —— T,
gop e i — riﬂﬂilﬂ‘;i;_‘====::———~
[}
Dolornite bedrock \ ! \
. g
g /
\\\\

Vericol esoggeralion 5.9%

-~
\_’/0_-_ -

8 e’
.
w7 .
— Cover, ~v_ Waler loble
0 Refuse ==ro—= Line of equal Leod (Jan. 18, 1968)
== ~—  Apptonmole dueclion of ground-
:l 2 Sond and gravel walers flow
700 i--\§ ~— Piczomeler with chioride
s ~ . 99 concenlralion
al s
esof Sondy st &N \
- Dolomits bedrcch Feet
o " 236

Verggol excggerotion 5.9%

Horzontal  scale

Flwn 16. East-west cross sections A-A’ (top) and B-B’ (bottom) of the fitied area of the Elgm landfill. Section

with a except

A-A', the northern section, shaws predominantly lateral ground water
for the arca near the Fox River, where movement is upward. Section B- 8, the southern section, shows upward
movement dominant in the desper till unit and lateral movement in the shallow sands. 1t siso shows that the lower part

of the refuse at LW 7 is saturated.

. : : !
. [}

87720879100

PR



WOOTGLO®

9129

'
tE8 2470 %O 78
:'Alz« -0
'

i
&

EXPLAKATION CF MAP NUMBERS

Someing \{ 1] (1] S04 Herdnris Qontnor
o Tromi ) "o foomi i o__x0
s a ) «© 9 o8 »' Score 1w faet

Figure 17. Water quality data for tha Elgin landlill. Dissoived solids from the landfill e nat present in the Jeeper

aquifers, because ground water movement is mainly upward or lateral under the site,

32



the landfill has been diluted by ground water
moving into the landfill from the west,

WATER QUALITY. TFigure 17 shows water
quality near the Elgin landfill, The correlation
between distance from the lundfill and the water
quality is not as good us that at the other sites.
This is probubly because variations in the per-
meability of the shallow sands and gravels allow
differential lateral movement.

Lissolved solids have not and cannot move
downward through the tills, hecause yround
water moswement is mainly upward or lateral
under the site, The anomalous quality in LW 4C,
LW 5B, and LW 6B can be accounted Vor by
leakage between piczometers in the same bore-
hole. Unpolluted water is moving upward (rom
LW 4B to LW 4C, and LW SA and LW 5B are so
closely spaced and poorly scaled that suinples
are not representative.

On the assumption that the water in LW iC,
with a total dissolved solid content of 2,000
ppm. is representative of that entering the Fox
River from the landfill, it would raise the dis-
solved solids level in the river by approximately
0.30 (2.000:7.400) ppm. hall of which is hard-
ness.

The data shown in figure 17 were gathered on
November 28, 1967, Anulyses of samples taken
on February 25. 1909, show no significant
changes other thun an increase in dissolved solids
in water from well Nuinber 1. The significance
of this increase is not known:

WOODSTOCK LANDFILL

GENERAL DESCRIPTION, The Wood-
stock landfiti is in McHenry County in NE% see.
17, T. 44N., R. 7E., south of Davis Road. The
clevation of the lundfill is hetween 920 and 940
feet above sea level. It is in morainic topo-
graphy, possibly on a stagnant-ice moraine, and
livs on the top and south Nunk of an cast-west-
trending lincar upland and in the swampy low-
land to the south of this upland. Figure 18 is a
plan view and cross seciion of the region.

The site was first operated as an open burning
dump, beginning in Sune 1940, [t was converted
to sumitury lundfill in 1908, and operations are
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continuing, Eurly filling was in the swumpy
southern part of the area, The castern and south-
custern parts of the area are currently being
filled. The material in the fill is reported (o be
about 40 pereent houschold and gurden refuse
and 60 percent industrial refuse. Lime soda
sludge is disposed of in the southern und south?
eastern parts of the fill area. Records of filling
(figure 19) arc not as reliable here as 2t the old
DuPzge County and Winnetka landfiils.

Daily cover material is at least 6 inches thick
with a final cover of 2 to 3 feet. Cover aver most
of the fiil is loam, silt loam, silty clay loam, and
sandy toam. The present landfill surface at the
base of the upland is gently undulating, with
patches of weeds and grass. The upland part of
the landfill has a more irregular surface.

The sequence of geologic materials, from the
surface downward is as {ollows:

Cover on landfill-2pproximately 2 feet of

loam, silt loam, sandy loam, and silty clay
loam, gravetly in past.
Topsoil adjacent to landfill-1 to 2 fect of
lozm znd sand at northem end: | to 4 feet of
silty clay over the reaminder of the site.
Swamp-pcat and nonorganic silts (S to 19
feet thick) in marshy arcas around and below
most of southern twn-thirds of the site: thick-
est in the ficld bstween the landfill and ihe
Kishwaukce drainage west of the site.
Sand and gravel-5 to 19 feet of sand and
gravel penerzlly becoming finer textured at
base; sand and gravel and sandy silt till de-
posits present on the higher land at northern
end of site: exposures indicate probable ice
contact origin.

Upper till-3 to 25 feet (generally 20 feet) of

silty clay till, thinner below the landfill.

Lower tilis—several silty, sandy tills present to

a depth of at lcast 225 feet at LW I,

Interhedded sands and gravels-sand and

grave! deposits commonly 5 feet or morne

thick, interbedded with silty sandy ltills. A

few of these deposits can be corrclated be-

tween borings, but most cannot and are
probably of limited arcal extent.

Soii--3 to 3 fect soil 20ne ¢ncountered in two

horings at a depth of 105 to 167 feet.
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Figure 319, History of tiiling at the Woodstock landfill. The site was first operaterd as an open burning dump, from
1940 to 1655, In 1935 it was converiad to sanitary [andfili, and operztions are continuing.
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Bedrock ~not encountered, but from ncurby

well infor it is probubly at a depth of

more than 225 fect and consists of shales und
dolomites of the Mayuoketa Group.

HYDROGLOLOGIC ENVIRONMENT. Fig:
ure 20 is a plan view of the landfill and sur-
rounding area, showing the location of the bor-
ings and contours of the top of the zone of
saturation. Gradients are away {rom the uplard
in the northern part of the lundfill in all dircc-
tions. In the older part of the filled.area, the
gradient is southwand to swampy arcas bordering
the lundGill or to the drainage ditch west and
southwest of the lundfill. Some influence of thy
landfill is shown by a stecpening of gradients on
the southern edge; this indicates that a small
"ground water mound lies below the tandfill.

Figure 21 shows vertical scctions across the
filled area. A strong component of lateral flow
in the shallow materisls above the silty clay till
is evident, as is a vertical gradient in the silty
clay till. .

A number of interbedded sands and gravels
have not been shown on the Woodstock cross
sections, These deposits are gencraily more per-
meablc and thicker at Woodstock than at
Winnetks and would tend to magnify any
horizontat component of flow. )

The drainage ditch west of the landfill area
acts in much the same manner as the deep sewer
at Winnctka, distorting the flow system and
“collecting” the ground watcr moving from the
western side of the landfill,

QUANTITATIVE EVALUATION. Infiltra-
tion into the Wood.:ock landfi!l was calculated
to be 22,500 gpd. Of the 24.07 inches of rain
that fell from October 1, 1968, to September
30, 1969, approximately 12 inches infiltrated.

No quantitative cvaluation of flow from the
Woodstock site was made, because of the cuin-
plex geology and lack of data on the hydrologic
propertics of the materials,

The flow in the drainage ditch was estimated
to 1 x 10* gpd, which allows dilution by about
4S5 times. This calculation does not include the
water moving downward below the landfill arca
or dilution of the ground water leaving the land-
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fill between the landfill and the ditch: it there-
fore minimizes the figure for ditution.

WATER QUALITY. Water guality data
plotted in figure 22 show the expected inverse
relationship between totul dissolved solids and
distance {rom the M, with the exception of data
from LW 2E, which is shallow, very close to the
fill. and apporently unaffected. MM 6 doces not
show large dissolved solid content: however, the
lundfill upgradient from this point is relatively
new z2nd there may not have been adequate time
for the leuchate to move this distunce.

There is no evidence of downward movement
through the silty clay till at LW3 or LWS,
Whether this is because the till has acted as a
barrier to the migration of dissolved solids or
whether inadequate time has clapsed is not
known. .

Analyses of water in the drainage ditch on
January 18, 1968, and Fuebruary 24, 1969
(table 6) show larper contents of chlorides
opposite MM 9 than opposite MM 10. This could
well be a result of ground water’s containing dis-
solved solids from the lundfill moving into the
ditch, but in view of the larger concentrations of
chlorides both upstrcam and downstream in this
same ditch, the evidence is inconclusive,

Table 18 lists the weils that best show down-
ward mo! t of il It is not
known why LW IB is not contaminated and
LW 6A Is. LW 3D is scparted from the landfill
by 20.5 feet of till, and data from other sites
would not lead us to expeet leachate in this well.

The data shown in figure 22 ware gathered on
November 21, 1967, Analyscs of samples taken
on February 25, 1969, showed the following
changes:

() In MM 7, larpe increases in alkalinity,
chloride, and sodium (by difference).

() In LWID large inercases in alkalinity,
caleium, and sodium (by difference) and
decreases (0 magnesium,

These variations could ceflect seasonal changes
or long-tern trends.
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BLACKWELL FOREST PRESERVE LANDFILL

Studies of the Blackwell Forest Preserve land-
fill (fig. 2), located about § miles southeast of
the old DuPage County landfill, are basced on
data collected at a single well. This landfill was
begun in October 1905 and is to bc made into a
winter sports hill that will eventually be approxi-
mately 150 feet high and cover an area of 30
acres. At the time the sample was cotlected, the
refuse had been in place for approximately 39
months.

The base of the tandfill is lined with 10 feet
of silty clay till, and 15-foot berms are being
constructed along the sides that will coinpletely
enclose the refuse. The sampling well is con-
structed of $- and 6-inch slotted casing and
when sampled penctfated approximately 38 feet
of refuse to bottom about 3 feet above the basal
finer.

At the time of sampling there was about §
feet of water in this well, This water rises or falls
in response to rainfall and is probably at lcast
partly derived from infiitration. Inasinuch as the
well was constructed as part of the investigation
of water quality, the sesults are discussed in that
section of this report, .

RESULTS AND INTERPRETATION

OF SPECIFIC YIELD
AND INFILTRATION CALCULATIONS -

It was necessary to obtain a value for the
specific yield of refuse before the amount of
infiltration into the landfills could be calculated.
This is discussed in detail in appendix E. Infil-
tration and specific yield data from the four
major sites are presanted in table 19. The wells
involved had continuous or weekly hydrographs
over the period from October 1, 1968, to Sep-
tember 30, 1969, and the data apply to this

. period, Because of the shorst time involved, con-
clusions based on these data are preliminary.,

The cumulative hydrograph risc is the sum of .
all of the water level rises i a particular well
that have resulted from recharge. The specific
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yield values calculuted from the hydrographs
apply to the materials through which the water
level rose,

The total recharge was calculated by multi-
plying the cumulative risc in hydrograph by the
specific yield. There is considerable variation in
the total recharge values. These variations reflect
differences in the surface drainage near the pare
ticular welt, and moisture conditions in the
refuse above the top of the zone of ssturation.

According to Remson and coworkers ‘1968,
p. 312) in Pennsylvania, it should requirs ap-
proximately 3 inches of rain to raise the initial
moisture content of | foot of refuse to ficld
capacity. With the assumption that the rechange
figures in table 19 are correct, about 12 to 16
inches of rain infiltrates the landfills in north-
eastern lllinois each year, and from Remson's

data this is sufficient to bring 4 to § feet of -

refuse to field capacity each year. The hydro-
graphs show that recharge has occurred at
Winnetka LW 17, Woodstock LW 8, and at the
Blackwell weil, and, sincc the refuse at these
locations should not as yet have been brought to
field capacity, ‘this is evidence of precipitation
chanrelling through the refuse,

The year the refuse was emplaced is probubly
correct to within 6 months for the old DuPage
County and Winnetka sites. Errors in tand(iil age
of as much as § ycars are, howeser, possible in
parts of the Elzin and Woodstock landfills.

The barometric cfficiency “can be interpreted
asa of the pet of the overlying
confining beds to resist pressure changes™
(Todd, 1959, p. 161). There docs not appear to
be any relationship between the gruin size
analysis of the cover materials (tuble 4) and the
barometric efficiency.

The last two columns of table 19 bring out
the following: (1) The hydrographs of wells
DuPage LW 13, Woodstock LW 8 in young
(1963 or younger) unburmncd refuse are less
sensitive and show lower rechurpe. Full field
capacity may not have been reached in the
refuse associated with thesc borings. (1) The
specific yield of wells in ash und bumed refuse is
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variable. This may reflect erratic deposirion in
apen buming dumps.

Figure 23 is a plot of specific yield versus
refuse age. The close relation of wells completed
in refuse is not surprising if we consider that the
tefuse at the old DuPage County and Winnetka
lundfills is buried in very similar environments,
‘The specific yicld of maierials other than refuse
tElgin LW 7B, Cigin LW 4D, Woodstock LW 7)
is not related as closely to age.

Specific yicld is 3 measure of the part of the
porosity that is subject to gravity drainage. it
iloes not include specific retention, which is the
part of the porosity containing water that will
not drain by gravity. Specific setention is equiva-
lent to ficld capacity, which according tc
Remson (1968, p. 309), is about 29 percent for
tefuse in Pennsylvania. Our work (appendix E)
indicates that the ficld
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water moving out of the fill, must increase, or
both must change. We consider that the increase
in A, the area through which ths water moves,
caused by the ground water mound is neglibible.

The most likely explanation for thc decrease
in P {permeability) would be that it is caused by
scarification, reworking, and compaction of the
inaterials around the sides and bottom of the
landfill during its construction.

The necessary increase in Q may be caused by
the following: (1) the fill cover's being more per-
meuble than the surface materials adjacent to
the fill, allowing increz-ed infiltration and there-
fore dischaspe or (2)less evapotranspiration’s
occurring over the landfill because the top of the
zone of saturatian is deeper there than in the
adjacent areas.

We believe that at thc sites we studied the

IS5 percent.

We interpret the curve in figure 23 in the fol-
!o-.ving manner. The steeper, poorly defined part
of the curve represents decomposition of the
younger rcfusc containing easily degraged
urganics. The well-defined flat part of the curve
for rcfuse more than 5 to 9 years old represents
the more nearly uniform decomposition of the
258 casily reduced components of the refuse.
‘The older refuse appears to lcse about {.2t013
wercent of its specific yicld each year,

This curve and the foregoing explunation are
presented with some reservations, because the
data on which they are based nced sub-
stantiation by further investigation.

GROUND WATER MOUNDING

Ground water mounds formed beneath the
nid DuPage County, Winnetku, and Woodstock
landfills. We belicve that these mounds develop
for the foltowing reasons: Consider only water
inoving out of the landfill area. The quantity, Q,
of water moving is, according 10 Darcy's law:
Q@ =PIA (appendix H). Ifa d has formed,
|, the gradient has increosed, and according to
Darcy's law if | increases, cither P, the per-
meability of the moferials the water moves
through, must decrease, or Q, the amount of

pacity is approximately  d in penaeability d the fill margins
is the major cause of the ground water mound
At the Elgin site no mound is ap t

the fact that infiltration is nnu.a.r to that at the
other sites. We beficve thet this is because the
permeubility of the materials around the site was
initially very high and was not appreciably low-
ered during construction at the landfill. It would
appear, therefore, that infiltration would have to
be exceptionally large or small to affect the
formation of a mound.

The presence of 3 ground water mound is con-
clusive evidence thut (1) there is infiltration
through the landfill surfate and leachate is being
produced and (2) there is a vertical component
of ground water flow.

SUMMARY
HYDROGEOLOGIC INVESTIGATION

Hydrogeologic studies of four sites showed
that aporoximately one-half of tle annaal pre-
cipitation had infiltrated landfills in this area to -
produce refuse leachate, This water moved away
from the disposal site through glacial till
materials with very low permeability at a velo-
city of 1 foot per year cr less, The study also
demonstrated that ground water levels below
disposal sites conld rise to form a ground water
mound and that, a* the intersection of this

ar’
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mound and the ground susface, springs and seeps
of leachate would ferm.

Mcusurciments of the specific yield of refuse
showed an inverse retationship heiween specifie
yield and age of refuse. This appears to reflect
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“compaction*® of the refuse with time (approxi-
mately 1.2 to 1.3 percent per year in the older
refuse), which we attribute to decomposition of,
first, the cusily degrudable orgunics, and later, of
the more stable components of the refuse.

GEOCHEMICAL STUDIES OF LEACHATE,
GASES, AND EARTH MATERIALS

COMPOSITION OF LEACHATE
FROM THE REFUSE

One of the conclusions we have reached in
this investigation is that leachate analyses are
extremely varichble and that interpretations
based on a single analysis may be seriously mis-
leading. Time and funds were not available for
running duplicate analyses of all the minor
elements, and this should be kept in mind when
specific water quality data presented in this re-
port arc used. Major conclusions are, however,
based on confirmed results,

Table 20 compares refuse leachate with in-
dustrial wastes and sewage and with the drinking
water standards published by the Public Health
Service of the U.S. Department of Heaith, Edu-
cation, and Welfure in 1962, Raw refuse leachate
sometimes contains larger than ble con-

results.

Samples obtained for trace element analyses
by Tenco Hydro/Aerosciences, Inc., were
digested in acid and may, therefore include
clements from the “soil” as well as the refuse
leachate. Calcium and magnesium were run as
described and on the liquid portion of the
sample only. Since there was little difference in
the results obtained by the two procedures, we
would not expuct a large offect on the trace
elements. A discussion of the analytical methods
and problems encountercd in these analyses is
included in appendix C.

Th: wells shown on Table.9 and ' +ed here
were chosen to illustrate changes in the com-

ition of uround water originating in the laad-

centrations of bariumn. chromium, selenium, and

ibly arsenic. It comp in dissolved in-
orgamcs with chemical plant wastes and in
organic content with food-processing plant cf-
fluent.

Although the quality of refuse le:lch.ltc. is
objectiorable, it is fortunate that the jmount
produced is relatively small.

Table 9 presents the detailed chemical anal-
yses of the Jeachate at the various sites. Most of
the analyses on this table were run by Tenco
Hydro/Acrosciences, Inc.: however, some data
by the State Geological Survey and the Depart-
ment of Public licalth are also included. With
the exception of the analyses for bromine, these
additiona! anualyses were run to confinm caglier
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F Ils caused by changes in the following factors:
(1) The distance moved from the lundfill
through the surficial sand
DUP MM 48, 59,44
() The distznce moved from the landfill
through glacial titl
DUP LW 6A, 14, 15, 16, 6B
DUP LW 12A. 114,58
WINLWI2,13
(3) The age of landfill
DUP LW 6B, MM 61, MM 63, LWSB
WINLWSB, LW 13,LW 17
(4)The nccd to describe feachate from fills
other than DuPage County and Winnetka
ELG LW 6B, WOOD LW 1C, Black-
well
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VARIATIONS IN COMPOSITION
OF LEACHATE WITH WIGRATION
THROUGH SAND

Figures 7 and {2 show chloride values from
shallow wells around the old DuPage County
and Winnctka landfills, respectively, These
values are high in the landfill and decrease with
increusing distance from the lundfill.

It was unticipated that the dissolved solids
moving with the ground water away {rom these
landfills would form a pattern of concentration
at the landfill and a regular decrease in con-
centrution with distance from the fandfill, The
erratic values for chlorides obtained from the
,groups of closely spaced sampling points
(MM 46, 47, 57, 58, 59,and 60; MM 42 and 45;
MM 48 and 39; and MM 36, and 37) south of
the DuPage County landfill and at MM 50, §1,
52, 53, and 54 at Winnetka, show that a regular
pattern does not cxist, although there Is a
general decrease in concentration away frota the
Jandfili. Some of the variations at the old
"DuPage County site are probably caused by field
tifes and construction operations. Other vari-
‘ations at this fill and at the Winnetka fill are
caused by factors that will be discussed later.

Bromine and chlorine show a substantial de-
crease in concentration with distance from both
of these landfills. If this decrease were caused by
precipitation's infiltrating ‘and diluting the
leachate, it would be more pronounced in the
shallower of paired wells, This is not the case in
paired wells DUP MM 46 and 47; 48 and 39;
WINN MM 25 and 45; 24, 44, 26, 46. This in-
dicates that dilution is probably not a significant
factor in attenuation of these components. We
vonclude, therefore, that chiorine and bromine
are retained on carth materials and that the con-
centration of these components is reduced by
travel through carth materials,

Similar results were obtained in Great Britain
(Ministry of Housing and Local Governmeat
1961, p. 131}, In this study chlorides from re-
fuse leachate were retained in filter beds and
subsequently removed by washing. The effects
af this are ty reduce the concentration of the
clements in the ground water but to extend the

44
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“poliuting™ life of the landfill,

Other comp ts of the leachate are also
attenuated with migration away from the lund-
fill. As shown in tuble 9. in travelling from
MM 44 to MM 48 approximately 600 feet south
of the old DuPage County tandfitl, BOD, COD,
potassium, and iron valucs were reduced by
approximately two orders of magnitude or
more, and hardness, sodium, calcium, and
bromine by approximately one order of magnis
tude. Other « were also reduced to
varying d Sulfate, phosphate, and nitrate
are the only components showing a definite in-
crease in concentration. This is altributed to the
fact that they cannot exist in the reducing en-
vironment caused by the large organic content
of the Jeachate, As the organics are attenuvated,
however, reducing conditions become less in-
tense, and the nitrate, sulfate, and phosphate
radicals can exist.

Results obtained in the British study (Min-
istry of Housing und Local Government, 1961,
p. 120), where in leachate was pussed through
gravel filters, arc similar to those obtained in this
study. Sulfate content rose with migration, and
the drops in chloride and BOD per foot of travel
were comparable. .

Generally the most permeable unit in a geo-
logic sequence will control the quanmy and the
velocity of leachat . As discussed in
appendix H, ground water velocﬂy and volume
of flow are also influcnced by the specific yield
and the gradient; however these factors vary
within relatively small limits compared with
permeability. Figure 24 shows the range in per-
meability of different soil classes,

The shallow deposits at the Elgin land(ilt have
permeabilities of approximately 100 or more
gpd per square foot. those at the okl Duluge
County landfill are approximately 2§ gpd per
square fool, while permeabilities in the shaflow
deposils at Winnetka are approximately S ppd
per square foot, Water quality duta st these sites
reflect the gencral influence of permueahility.
Diract comparisons are, however, difficult.
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VARIATIONS IN COMPOSITION
OF LEACHATE WITH MIGRATION
THROUGH GLACIAL TILL

The hydrogeology at all of these sites except
at Elgin is such that some of the wuter from the
landfill migrutes almost vertically downward
through the underlying glaciul till. Four nests of
piezometers, (tables 16, 17, and 9) were con-
structed ‘at the old DuPage County and
Winnetka landfills to determine the changes in
the dissolved solids in the water as it moved
downward through this very tight material.
Analyses from the scries of wells at the old
DuPage County landfill (LW 6A, 14, 15, 16, and
6B, table 9) appear best to illustrate the changes
in dissolved solids with migration through till,
There are 2 number of obvious exceptions to the
pattern of decreasing concentration with migra-
tion shown in table 9. We believe these are
sampling errors, natural variations in water
quality, or laboratory errors. The landfill at this
point is ncarly 18 ycars old, and the lcachate
that initially moved into the till probably had a
composition more like that at the Blackwell
fandfill, Winn LW 17 or DUP LW 5B, than that
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fected a decrease of more than one order of
magnitude in chiorides and total dissolved solids
and a Gevrcase of about two orders of magnitude
in organivs. A similar pattern is presented by
analyses from DUP LW I2A, LW 1A, ad
LW 12B (table 9) and by the data presented in
tables 16 and 17.

This waler is moving downwards under a
hydraulic grudicnt of upproximately 0.5 foot per
foot through mauterial with a texture of spproxi-
mately 11 percent sand, 55 percent silt, and 34
pereent clay, The till has cation exchange capa-
city of about 4.2 millicquivalents per 100 grams
and is composed of about 2 percent mont-
morillonite, 79 percent illite. and 19 percent
chiorite and kaolinite. All these factors are likely
to influence the movement of dissolved solids in
this water and should be considered if these data
are to be applied elsewhere,

The principal exchangeable cation on the clay
mincrals in this till is calcium (table 13), and
since all the exchange positions are probably
filled, it was belicved that retention of com-
ponents in the leachate was likely {o be low. If
retention did take place, we felt it should resuit
in an incrcase in ground water hardncss. This
has not been detected. possibly because

at DUP LW G6B. There is no appreciable d

in the dissolved solids in the leachate as it
migrates downward to the thp of the till through
the surficial sands below the fandfill at DUP
LW6, .

Chiorides are a good indicator of leachate
movement. According to the analyses presented
in table 9, chlorides have not reached DUP
LW 14 after traveling through about 15 feet of
silty clay till permeability approximately 1077
centi s per second. There is evid + how-
ever, that dissolved solids from the landfill have
affected LW 15, 4.31 feet below the top bf the
till, and little doubt that it has affected LW 16,
2.57 feet below the top of the till. If we assume
that the leachate was initially similar to that of
DUP LW 5B or the Blackwell well, a very short
migration (4.31 feet) through this till has ef-

46

it has bcen masked by the hardness in the
leachate and the natural hardness of the water
itself.

Calculations based on these water quality data
indicate that the chloride ion mowes downward
through the tifls at the old DuPage County site
at a velocity of betwcen 0.25 and 0.4 foot per
year. Tracer studics indicate that the velocity of
the chioride ion in ground water is only slightfy
Jess than that of the ground water itsell. These
data can therefore, be applicd to studics ot
ground water movement through fine-textured
materials, as discussed in appendix H to
estimates of the velocity of Ieachzete movement,

Movement of leachate through the surficiat
deposits is also discussed in appendix 11,

e ——



VARIATIONS IN COMPOSITION
OF LEACHATE WITH
AGE OF REFUSE

Chioride and COD values are plotted against
age of refuse in figurcs 25A and 25B. Even
though concentrations are plotted on a logarith-
mic scale there is a poor correlation between age
of refuse and the amount of chlorides and COD
in the leachate associated with the refuse and an
even poorer correlation with other dissolved
solids (not shown). Most of this scatter could be
attributed to the factors discussed on the follow-
ing pages.

OTHER VARIATIONS IN
COMPOSITION OF LEACHATE

The quulity of refuse leachate vaties in re-
sponse (o fuctors other than its uge and the dis-

, tance travelled.

Analyscs of the water quality (values in ppm)
from three closcly spaced wells on the north side
of the old DuPage County landfill are as follows:

Vieli pH (-] Cs

My

LW sc 12 2,080 400 58
Lwizs 60 2270 2,420 72
3

w13 (1] n 1,080

These wclls sample the base of the refuse at
approximately the same depth within a 10-foot
‘circle in a scction of the landfill emplaced in
. 1963, Samplcs were obtained on February 20,
1969, in cssentially the same manner at each
point, except that different amounts of water
were rcmoved from each well before it was

sampled. Although well LW 12B has consistently -

larger concentrations of dissolved solids than
LW SC und LW 13, these latter two wells are not
consistent with each other, and the variation
among the three wells is large.
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We belicve that each sample reflects com-
position of the refuse that has teen reached by
the cone developed while the sample is pumped
and is therefore depcndent on the posilti
of the refuse in the immediate vicinity of the
sampling point, its permeability, and the amount
of water withdrawn before sampling. If this ex-
planation is correct, concentrations of the
various dissolved solids in samples obtained from
the three wells should converge as pumping con-
tinues. This has not been verified. In view of the
variations apparent in these data it is not sur
prising that a very poor correlation between age
of refure and quality of leachate was obtained
(figures 25A and 25B).

Similar, though not so extreme, results are
obtained from conductivity and chloride anal-
yses of samples from wells outside the landfill
(DUP MM 47, 57, 58, 59, and 60, MM 16A and
16B, and WINN MM 50, 51, 52, 53, and 54).
These wells were completcd in essentially the
same manner at the same depths.

Figure 26 illustrates how the kydrogeology of
a landfill affects the quality of the ground water

- at a particular sampling point. A well dnilled to

the top of the silt bed at point A samples
leachate that originated in the landfill in 1967.

M alkal

Fe s CaCO3 S04 ness s C2CO3
“«Q 7300 108 3,400
80 11,000 1,300 10,100
800 4,500 430 4,400

If this well had penetrated below the silt bed it
would sample water that passed through the
refuse in 196S.
We should also consider the following:
(1) Each flowline passes through a different
amount of fill material and surficial sand.
(2) The quality of leachate in {ill of the same
age at the same relative poisition in the
system is not constant.
(3) There is evidence (Sawinski, 1966, p. 52)
that significant scasonal changes in quality of
leachate are caused by variations in the
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amount of infiltrating water.
These factors can easily explain changes in
quality over short vertical distances such as
found in DUP MM 42 and 45, MM 48 and 39,
and MM 46 and 47, as well as the rather erratic
decrease in the amount of the various dissolved
solids with migration away from the landfill.
It was noticed carly in this investigation that the
chloride concentration of water in a sampling
point was not the same before and alter pump-
ing or bailing. To see how significant these
changes were, chloride and conductivity were
measured on successive days over a 4-day period
in a scries of 10 shallow weils south of the old
DuPage County landfill. Each well contained
about 8 feet of water. Five of these wells were
measured, top and bottom, before and asccr the
water was exchanged. The other five wells were
measured daily, but the water was not ex-
changed. The following results were obtained:
(1) Conductivity can be as much as 20 per-
cent lower near the top of the fluid column
than near the base,
(2) Variations of 10 to 20 nercent are com-
mon in conductivity and chloride measure-
ments taken on successive days with and with-
out an intervening period of pumping to
exchange the fluid. These variations reflect
changes in the ition of the ground
water over short periods of time, possibly re-
lated to individual precipitation events.

CHEMICAL ANALYSES OF EARTH
MATERIALS AND SOLUBLE SALTS

Water quality data from sampling wells in-
dicate that dissolved solids are moving down-
 wards throush the glacial titls underlying the old
*DuPage County and Winnctka landfills. The
* soluble salts in the tills and the tills themselves
were analyzed to see if the dissolved solids could
be detected. -

Table 10 shows the results of analyses of
soluble salts in splitspoon samples from the
sund helow the lanafill and in the ull below this
sand at DUP LW 4B as compured with a sample
from DUP LW3C from below the uncon-
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taminated interbedded sand, Table 11 shows the
results of unalyses of soluble sults from samples
taken at very close intervals over the upper
boundary of the till at DUP LWS§ nnd
DUP LW9.

Table 13 presents the results of annlyscs of
exchangeable cations in samples of the upper
aprt of the tills at the old DuPage County,
Vinnetka, and Elgin landfills, and appendix D
describes 2 (luorametric investigation of the
upper part of the till at the old DuPage County
and Winnetka landfills. These data do not show
the presence of dissolved solids from the land-
fills in these tills.

Table 12 presents the results of analysis of till
samples from the old DuPage County landfill at
depths corresponding to water samples from
LW 14, 15, and 16. According to analysis of the
water samples (table 9), dissoived solids from
the landfill have reached samples 1, 2, and 3 but
not samples 4 and §,

The data in table 12 show a definite increase
in the amount of most of the components in the
till below sample number 3, except CaO, which
decreases, This could reflect downward move-
ment of dissolved solids or a basic diffcrence in
till composition. Further analysis will be neces-
sary for a proper interpretation.

LEACHATE FROM BLACKWELL
FOREST PRESERVE LANDFILL

One ple of leachate was coliccted from a
well in a disposal site on the Blackwell Forest
Preserve, located about § miles southcast of the
old DuPage County landfill (figure 2).

Analysis of this leachate (table 9) shows it to
be extremely high in dissolved solids and similar
in BOD and COD to the leachate Steiner and
Fungaroli (1968, p. 309) collected from their
lysimeter before it reached ficld capacity. They
believed that this leachate was derived primarily
from compaction of the refuse with channelling,
and we belicve that this is a reasonable ex-
planation for the leachate in the .Blackwell
observation well,

Figure 27 shows the hydrograph and pre-

- -y
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Fig.ure 27, Continuous hydrograph from a well in a disposat site on the Biockwell Forest Preserve tandfili, and the
precivitation record from October 7 through Octobsr 16, 1869. The rapid hydrographic rise may indicate recharge
along fissures in the refuse,
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cipitation record for the Blackwel! well from
October 7, 1969, to October 16, 1969, The
water level rise was in sesponse to the rain on
October 10. For the follow:ru' reasons it prob.
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capacity (table 13). The cation exchange
capacity is between 4 and 6.2 millicquivalents
per 100 grams, the major exchangeable cation
being czlvinm. These data do not indicate the

ably repr ted lled water ing
through the refuse: (1) The response was wery
large and occurred within a few hours after the
rain commenced. (2) Water levels declined more
rapidly than in other wells after the pre-
cipitation ccased.

It appears that the well acts as a collector for
the water moving along more or less horizontal
channels in the landfill and that therefore the
initial response to the rain was abnormally high.
The rapid decline represents the movement of
water out of the well into adjacent refuse. The
static water level in this well has risen over the

- _past 11 months; however we do not have enough

records to know the amount of rise.

EFFECTS OF LEACHATE
ON GLACIAL TILL

A brief study was undcrtaken to determine
the effects of refuse lcachate on till. Samples of
till, similar to that at the old DuPage County
landfill, were treated with distifled +-ater and
with leachate from the Blackwell well, DUP
LW SC, and DUP LW 6C, and the liquid limit,
plastic limit, and plasticity index were deter-
mined. No signifi diff was p t in
the results of these tests on the four samplcs.

Four samples of this till were dispersed in dis-
tilled water and in leachate from the Blackwell
well DUP LW 5C and DUP LW 6C. Solution

ities were d by a hy . These
readings, taken 118 minutes after dispersion,
were 25.0 ‘for distilied water, 27 for leachate
from DUP LW 6, 29 for leachate from DUP

. LW 5C, and 16 for feachate from the Blackwell

well. This indicates that the very concentrated
“young™ leachate from the Blackwell well is
capable of partially flocculsting this type of till,
whereas leachate from older refuse has no cffect.

The tills bencath of old DuPage County,
Winnetka, and Elgin landfills were analyzed for
exchangeable cations and cation exchange

leachate has had any cffect on the clays below
these landfills,

TREATMENT OF LEACHATE FROM REFUSE

A sample of lcachate from WINN LW 17 was
aceated for six duys at ambient temperatures to
determine whethier it could be readily treated.
This procedure reduced the S-duy BOD from
1,840 to 440 ppm and produced a clear fluid.

According to Professor B. B. Ewing (personal
communication) of the civil engincering Jepart-
ment, University of llinois, the analyses in table
9 indicate that leachate should be biologically
treatable without special procedures, Treatment
of teachate is discussed further in the last section
of this report. .

ANALYSIS OF LANDFILL GASES

During this study 20 samples of landfill gas
were collected and analyzed for carbon dioxide,
oxygen, nitrogen, and methane (l.nhlc 14). They
show a maxi of 84 p h re-
covered from refusc hurml in 1955 near MM 52
at the old DuPage County land(ill.

In order 1o check the reliability of our
sampling methods and sce whether or not a re-
iationship between landfill age and methane
could be cstablished. parts of the old DuPage
County and Winnctka tandfills were resurveyed
in December 1969 with a portable explosimeter.
This showed methane present ncar WINN LW 13
where it was not detected in the carly analyses.
The expl ter also indi J that methane is
being produced in the oldest part of the
Winnctka landfill (1947) but not in refuse
buricd before approximately 1954 on the south
side of the old DuPage County landfill. In this
arca there apy d to be a lary between
arcas of younger and okler refuse where
methane was and was not detected. It was noted
that where the grass was dead or brown, meth-




ang was present and that where it was green, no
methane could be detected with the explosi-
meter. On August 7, 1969, analyses showed 17
percent methane present beside DUP LW 6 in
this general anea. On September 7, 1969,
methane was not present in a sample collected
beside DUP LW6 and it was not detected two
wereks later with the explosimeter.

The foregoing suggests that our sampling pro-

d should be improved and that methanc
production from landfills is ersutic. A relation-
ship between refuse age and mcthanc content is
suggested by the fact that older landfill at
Winnetka has less methane than younger landfill:
however data relating methane to landfill age at
the old DuPage County landfill do not confirm
this,
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Throughout 1966, 1967, and 1968, methane
was present in an open abandoned boring about
20 feet south of the old DuPuge County landfill

near DUP MM 44, Samples taken from this arca |

and the ficld to the south on September 7,
1969, did not contain methane. The abandoned
boring itself could not be checked at this time.

Methane was not detected in samples taken
near Elgin at LW 7 and Woodstock LW 7. The
landfill ncar both of these borings is composed
of inorganic and bumed materiais. Mcthane was
detected with the expl in the Blackwell
well.

" Unfortunately, this preliminary work on lang-
fill gases appcars to have raised more questions
than it has answered.

SELECTION OF SITES, DESIGN, AND OPERATION
OF SANITARY LANDFILLS

If we consider only ground and surface water

. pollution, at least 80 percent of northeastern

IMinois would probably be suitable for sanitary

‘landfilling without site modification, because

the surficial materials are fine textured, have low
permeability, and would restrict the movement
of refuse leachate. Of the 20 percent reinaining,
10 percent would be suitable because of favor-

necessary to meet water quality standards. and,
if so, how it can best be accomplished. It wiil be
the cost of this modification considered with the
othes costs and benefits ihwt will determine
whether or not a particular, site is suitablke at a
particutar time.

In metropolitan arcas, land and transportation
costs are high and *cluse in™ sites are seldom

: able location within the hydrogeologic flow

system. Sites in the remaining 10 percent of the
area would require some modification. Un-
fortunately a disporportionately large per-
centage of those sites proposed as sanitary land-
fills fall into this latter category. These includ

ilable. In these arvas, targe sums can be spent
on site modification, and the initial site selection
will seldom be concemned with the hydro-
geology.

Early in ott project w3 have hoped to be able
to a hydrogrologic map of northeastern

the mincd-out quarrics and gravel pits. These

. sites arc most easily fillcd and when filled in-
! crease substantially in value. To many, sanitary

landfilling is synonymous with Jand reclamation.

We belicve that ncarly all sites are or can be
designed sothat they are suitable for solid waste
disposal. I this is so, then the critical factors in
site sclection arc not hydrogeologic ones but are
the cost of refuse transport, sitc acquisition, site
modification, and operation batanced aguinst the
value of the rectaimed land. Knowledge of the
hydrogeology of the site is. howcever, essential
for determining whwther or not modification is
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[linois that would aid in Jocating future tandfilf
sites. It soon b spparent, ! . that
tandfill hydrogeology is an individual site
problem and that such a map, to be of value,
would have to he on an cxtremely targe scale
with a correspondingly high degree of accuracy.
Hydrogeologie control is not availuble for such
maps. Another reason for avoiding this ty;.e of
map is thal even at the 1 site in 10 where the
natural cavironment is not protective, the cost
of site modification, discussed in the following
pages, mav not be a significant. part of the total
costs. Such a map could actually perform s dis-

re—g e
.



service if it were to lead to relocating a fandfill
to an area where geologic conditions are na‘ur-
ally more favorable but where the total oper-
ation, including site modification, would be less
economical.

Our investigation has shown that unless
specific preventive measuses are tzken almost all
refuse disposal sites in humid climates, where
precipitation infiltrates through the refuse, will
introduce some dissolved solids into the cnviron-
ment. A good landfiil site is, tRerefore, one
which is designed so that the amount of dis-
solved solids released is acceptable in that
particular environment. The evaluation of how
much will be acceptable s usually the re-
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following pages are directed at control of ground
and surface water pollution by management of
the leachates derived from landfills, The use of a
particular design is dependent upon the hydro-
geology of the site, standards imposed by the

regulatory agency, the use to be made of the site .

after filling is complete, and the cost. Following
are four desiga objectives:

(1) Elimination of production of leachate

(2) Migration of lecachate under acceptable

conditions

-(3) Recovery of leachate after migration

(4) Retention and recovery of leachate

These designs can be plished by stand-
ard enginccring techniques and p d Itis
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sponsibility of a local or state agency
and is based on factors such as the following: (1)
surface and ground water use in the vicinlty. (6))

Y. er, to determine the type of -

earth materiuls present and to understand the
gmund water flow system if the capacity of the

the t of co ination
and (3) the need for o disposal site. 1t xsunore
complex decision than those dealing with the
discharge of sewage into a surface stream be-
cause it involves a typc of pollution that is
difficult to monitor and once initiated cansiot be
easily rectified.
It is probably not possible to blish a rea-
sonable set of rules or regulations that would
I all the envi I factors affecting
the production and migration of leachate from
landfills. For example, a rule requiring the pres-
ence of a certain number of feet of nmeml be-
low a landfill. should includ; on

envir t for, self-purification is to be used
advaatugeously, -

ELIMINATION OF PRODUCTION OF
LEACHATE. This objective should be the first
considered in arid arcas. [t consists of burying
the refuse above the top of the zone of satur-
ation and preventing surface water from entering
the landfill. It is the lcm expensive design to

liss, and to the results of
studics (University of S.au(hcm California, 1954,
p. 13), it is the safest from the standpoint of
avoiding ground water pollution.

Two and possibly three types of Indme are

the exchange capacity of the m:tcml its per-
meability, and the dircction of ground water
moveraent, and rules requiring refuse to be a

‘certain distance above the top of the zone of

saturation should also have provisions for elim-
inating infiltration through the completed sur-
face of the landfill. A more realistic procedurc
would be to require the fandfill operator to de-
sign his operation to meet standards set by the
regulatory agency and.to submit his design to
the regulatory agency for approval in much the
same manner as for other types of waste disposal
opesations.,

OBJECTIVES IN DESIGN

The four design ot;.ctives discussed in the

w

duced from landfills, One type results from

ion and compaction of the refuse. Al
though this type of leacha(c will probably be
present in all landfill operations we would
expect only relatively small quantitics to ‘be
produced. Water is also used and produced
during decomposition of the refuse (table 2). We
assume that this type of water is not present in
significant Leacl is also produced
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when refuse comes in contact. with and is

feached by water after burial,

In humid areas leachate will almost Liways be
produced from landfills because pre~“pitation is
usually great enough to infilatrate the refuse and

because the top of the zone of saturation is .

gencrally shallow and the refuse is buricd below
the water table,
in arid areas precipitation is not sufficient to



satisly the soil moisture deficiency and to infil-
trate the refuse, and the top of the zone of
saturation is usually deep enough so that rcfuse
will not be buried below the water table.

In semiarid and possibly in humid climates,
this objective migiit also be considercd if the top
of the zone of caturation is below the bace of
the disposal site and if the fill can be covered
and graded so as to reduce infiltration to & neg-
iigible value.

The position of the water table is not always

reflected by the elevation of the water in nearby

wells or the presence or absence of water in an
excavation, Water levels in wells reflect the
ground water potential (or head) across the open
part of the well and are, therefore, dependent on
welt depth. Unless a well bottoms at, or close to,
the top of the 27ne of saturation its water level
is not likely to reflect the elevation of the top of
the zone of saturation, For example, s well com-
oleted at 2. depth of 100 fect ncar Winnetka,
Ilinois, wil' have a static water level at about 50
feet below the surface, A well completed at &
depth of 10 feet will have a water level at a
depth of about 7 feet below the surface.

Moveraent of water into open excavations is
partly dependent on the permesbility of the sur-
rounding materials. Free water may not be pre-
scnt in an excavation that extends below the top
of the zone of saturztion in fine-textured
materials of low permeability. This is because
the watcr evaporatus as fast as ‘it reaches the
sides of the excavation. After the excavation has
been filled, evaporstion ceases, the water table
riscs, and the fill materisls are saturated,

If it can be determined that the base of 2

fandfill is above the top of the zone of satura- -

tion, the t of leachate produced will be
contralled by the amount of infiltration through
the (ill surface. This in turn Is affected Ly pre-
cipitation, evapotranspiration, and runoff. Sea-
sonal precipitation and evapotranspiration data
arc generslly avaii.ule locally from State and
Federal agencies. .(unoff will be detesmined by
the final surfacc on the fill, its grade, com-
position, and wegetation.

Gus production may be a probir.x in cnviron-
ments amenable to this type of design if pere
meable materisls surround. refuse emplaced
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above the top of the zone of saturation. These
problems should be considered in the cardy
stages of planning.

MIGRATION OF LEACHATE UNDER AC-
CEPTASLE CONDITIONS. This design, fike the
designs for migration and recovery and retention
and 1y, that leachate will be
produced from the refuse. It applies, therefore,
mainly to sites in humid areas unless the final
use of -the site involves irrigation or liquid waste
disposal. A design for acceptable migration is the
least expensive of the three methods artd since
very few operating landfills have constructed
facilities for recovery of leachate, it is by default
the most common design currently used in
humid areas.

A design for acceptable migration relies on
the hydrog: t to reduce the
amount of dlssolved solids leaving a landfill to
an acceptable level. The fact that so few landfills
cause serious poliution problems is an indication
of the effectivenes of the envnronment in this
respect.

There are a nnge of hydmgeologic environ-
ments for which a design for acceptable
migration car be made. We shall discuss the two
extremes as follows: environnients associated
with relatively impermecibl. materials, such as
clays and some glacia' tills, and those associated
with relatively permeable materials, such as
gravels and fractured rocks.

Sites in. envi ts of y imper-
meable materials rely on the following: (1) the
earth materials to reduce the dissolved solid con-
tent of the leachate to an acceptable fevel overa
short travel path before it reaches a point of
water use or before it reaches more permeable
materials (2)a longer retention time for the

_ leachate to allow more on-site decomposmon
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and punﬂcahon

The involved in the at
of dissolved enlids by carth materials have been
discussed in some detail and data have been pre-
sented showing the distance the various cloments
originating in the landfill had travelled,

With these data we can cstimate the relative
amounts of attenuation lcachates will undergo
during migration through various materials. Silty
and clayey tills. unfractured shales, snd clays




should reduce the total dissolved solid content
of leachatc by one or two orders of magnitude
in travelling a distance of § fect. Sunds and silts
will reduce the total dissolved solids in leachate
by about onc order of magnitude in trawclling
500 feet, and gravels and fractused rocks will be
considerably less efficicnt.
These data apply specifically to the land (il
sites studied in this report and gencrally to
iti in northeastern Iinois. When extea-
polating them to other areas one should
consider, among other things, the ground water
gradients involved and the mincralogy of the
materials through which the jeachate moves —
two factors that would affcct contaminant
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(2) transport into a ground water reservoir ak
rcady containing poor quality water, and
(3) transport of contaminants to a surfiuce water
body where they would be diluted to an accept-
able level. Of these three, the Jast is the most
common.

Transport into or through a large regional
flow system was supgested by Maxey and Fare
volden (1965) for the basin and range anca of
the Western United States, In (ks particular en-
virunment, dissolved solids gencrated in landfill
located in the mountains would migrate over an
extremely long path to discharge in the inter
monl.mc valleys. It is assumed that the con-
tami ing in this would be

attenuation. These data should. therefore, be
used with some discretion.
Sites located in materials with low per-

~ meability may dewclop ground water mounds.

and springs and sceps may form around their
margins, !f these surface seeps of leachate are
not acceptable they can be reduced or elim-
inated by reducing infiltration or by collu,ting

all or part of the leachate.
The Winnectka landfill is in 2 hydrogeologic
cnvironment for whi«.h a design for acceptable
ion is . Here the leachate is

PPIOP

. allowcd to migrate downw:rd through the un-

derlying clay tills and laterally through silts,
sands, and clay with relatively low permeability.
Our studies have shown that the dissolved solids
in this leachate have been reduced to negligibl
values long before reaching a point of possible
ground water usc, Springs of leachate hawe
developed along the marging of this londfill, but
as yet they are no more than a local nuisance.
A design for acu.puhle mlmhon may also be
lished in b B in

at ] to an acceptable Jevel before reaching
a point of water use. This design requires com-
plete understanding the flow system in a par-
ticular arca and assumces little or no waler use in
the recharge areas where the refuse is buried.

The sccond design for acceptable migration
through permeable materials is to locate the
land(ill so that dissolved solids irom the lundfll
will migrate into an aquifer containing water
that cannot bc used. because it is ;ilh 2 hirhly »
mineralized or polluted. A good u
of the flow sys(em is also necvssary in this c:se
before the dusign is accepted.

The third design for acveptable migration
through penneshle materials involves allowing
the contuminants to migrate to a4 body of sur-
face water where they will be diluted 1o an
aceeptable level. This desipn assumes that solid
wastes and liguid wastes such as domestic sew-
age have similar rights to surface water for dilu-
tion purposes and that dilution water is avail-
able.

This design objective can most casily be
lished with Jandfills focated in or near

whlch the mnlcmls arc vcry per and
attenuation of contaminunts during a short
migration will not be significant. Such environ-
ments, wizich would include sites in clean gravels

" or those in. fractured rocks, rely on the ground

water flow system to dispose of the con-
taminants in a satisfactory manner. Such dis-
posal would include the following: (1) transport
of contuminants into, or through, a larpe
regional flow system where attenuation could

gound water discharge arcas where surface
water is available and the ground water is mov.
ing upward. These conditions are common in
hamid arcas, where the valleys of the perennial
streams  are usually ground  waler discharge
zones, as well as in the arcas around most of the
permanent swamps and lakes.

Use of this design involves ostimating the
volume and concentration of the leachate that is

take place over a very long travel path,  to be diluted, and. inasmuch as the volumes of
56
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. .
teachate witl often be very small compared with

the anount of dilution water avastable, estimates
will usually be adequste. Methods of estimating
outlow from kindlills are discussed in ap-
pendicer 11 and G,

There are a number of drawbacks to the use
of this type of design in permeable materials as
follows:

(1), There will be  contamination of the

shallow materials between the tandfilt and the

reveiving water, .

: "
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MIGRATION AND RECOVERY OF
LEACHATE,  Fills designed for migration and
recovery of leachate depend on the ground
water flow system 1o concentrate the keachate at
a point where it can be readily colected in the
surface or subsurface. ln this lype of environ-
ment we assuine (hat sttenuation during migra-
tion will not be adequate 1o reduce the con-
taminants to acceptable levels and that at least,
some of the leachate must be collected.

To achieve this ohjective the fandfill must be

() Flooding may be a g in

! so that the ground water flow lines that

areask. .
(3 Ground water is often well developed in
permeuble stream valley materials, The effect
of diverting the leachate into a pumping cone
must, therefore, be idered, 3t ix con-
ceivable, however, that ditution in the pumn-
ing vone itwll would reduce the concen-
tration of dissoived solids entering any onc
well to an acceptable level,

The Elgin site is typical of the type of en-
vironment that could be used for this design.
Leachate produced in the lundfill migrates
laterally down gradient to the Fox River, where
it is ditluted. Although some atienuation occurs
during this migration, dissolved solids ane at a
large concentration in the water that has reachedy
the river after passing through the fandVill. Dis-
solved solids cannot move down into the under-
lying aquifers, because the pround water
gradient is directed upward toward the river.

The Elgin site can be considered satisfactary
if (1) pollution of the shallow sunds und gravels
hetween the lndfill and the river is acceplable
and (2} the landfill can be permitted to raise the
total dissolved solids in the Fox River by an
average of approximately 0.30 ppm,

The cxtreme cases associated with high and
with low permeability will be far less common
thua inteemediate cavironments associated with
materials having moderate permeability as well
as some capacity for attenualing contaminants
moving with the ground water, Each environ-
ment evatuated individually would determine
whether or not a design for acveplable migration
can be accomplishal or whather or not some
sort of permanent or  temporary  coilection
fuzilitivs must be constructed.
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pass through the refuse converge farther onata
place wheee the fluid can be conwniently col-
lected. A favorable location would be near a
natural ground water discharge zone where the
dissolved solids from the landfill will neappear at
the surface. Examples include a slope ncar a
stream_valley or a closed depression such as a
kettle hole.

If flow lincs do not converge naturally they
can be made to do so by creating an artificial
discharge zome using ditches, tike drains, or
pumping wells.

In most cases, the volume of fluid that must
be dealt with will be an important consideration,
Sites in saturated. permwable deposits will
handle farger volumes of water than those in
fine-textured materials,

This design could te used at the Elgin site to
colicct contaminants moving out of the fil if it
were necessary to reduce the amount of uis-
solved solids moving into the Fox River or to
protect the shatlow aquifer between the landfil)
and the Fox River. A row of wells or a deep tile

ys vould be installed between the fill and
the river to intereept dissolved solids moving
from the land(ill. In this case large quantities of
water would be involved inasmuch as the
materials are rather permeable, .

RETENTION AND RECOVERY OF
LEACHATE.  This dexign i more complicated
and expensive. and its use would probably he
restricted to sites in humid climates that will
benefit greatly from land reclamation or short
refuse hanlage. 1t consists of isolating the refuse
in the disposal site and eollecting all the leachate
produced. This may be accomplished with the
various types of liners, covers gnd collection and




treatment facilities discussed in the following
section. Each of these techniques and pro-
cedures is dependent, to some extent, on the
others. The final use of the site will determine
the type of cover and surfuce grade, which will
in tum determine how much infiltration will
take place. The amount of infiltrution und the
amount of leukage through the liner will deter-
mine the collection und treatment lacilitics.

In a design such as this the amount and
potency of the leachate could be regulated to tit
the method of treatment or disposal over the life
of the landill.

TECHNIQUES AND PROCEDURES

CONTAINMENT. Two (echniques can be
used to prevent the migration of leachzte from a
disposal site. One is to linc the site with material
having low permeability: the other is to create a
hydraulic gradient toward the site.

Liners can be constructed of compacted or
uncompacted earth in its natural state or mixed
with a variety of soil dispersunts, lime. poz-

' zolana, or other soil cements. They can also be

constructed of asphalt or plustic, The type of

iner to be used will depend cn the amount of

feukage that will be allowed. the hydrogeology
of the site, the overall site design, and the eco-
nomics. Because liner construction is likely to be
an expensive and technical g qualificd
personnel must be retained. :

Movement out of a site across a liner will
obey Darcy's law, Q = PIA (appendix D), where:

Q = amount of water

P = pcrmeability of the liner

I = hydraulic gradient

A = arca of liner in contact with fluid.

It can be secn from this that:

(1) Therc will be movement across the finer
as long as there is a gradivnt across the
liner. If the gradicnt is out of the site,
Ieachate will migrate out of the site: il the
gradient is into the site. ground water will
migrate into the site.

(2) Movement across the liner. in sites that
extend below the top of the zone of sat-
uration, can be controlled by controlling
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the gradient or the respective water levels
inside and outside the liner,

(1) 1n sites located above the top of the zone
of saturation some kakage out of the site
cannot be avoided if the perineability is
greater than zero. This leakage can be
minimized, however, by minimizing infil-
tration and by removing the leachate from
the site (by tiles and drains) as rapidly as
possible.

{(4) The mujor factor controlling movement
across the liner will be the permeability of
the liner.

(5) The thickness of the lince is not a fuvlur
in this equation and docs not affect the
amounit of water moving across the liner.
It would, depending on the type of liner,
affect the attenuation of contaminants,
The thickness of the liner is important
from the standpoint of practical con-
struction procedures. Thin or fragile liners
must be carcfully constructed and pro-
tected from damage during emplacement
and settlement of refuse.

Leakage through a liner can be usily cs-
timated. A liner with 2 permeability of 10?7 gpd
per square fool and a gradient of | foot per foot
across it under a SO0-acre Tand(ill would allow
pussage of appr tely 22,000 gall of
water per day. If the permcability of the liner
were reduced to 107 gpd per square foot, feak-
age would be reduced to 2.2 gpd. The liner that
would be used at a given site will probably be
determined by the materials available, their cost
and the amount of leakage that will be allowed
in that particular cuvironment.

If there is more infiftmtion than loss by leaks
age through the liner, then the surplus water
must appear as “‘overflow,” which is mcrely
chunging the spatiul distribution of the con-
tamination.

The same principles apply if the site is located
in naturat materials with low permeability. Both
permeability and gradient can be estimated or
if necessary. measured.

Larth liners have heen used to retain con-
taminants in refuse disposal sites in [Hinois: how-
ever. there has not bueen, to our knowledge, any
investigation of leachate movement through
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these liners or of the attenuation of con-
taminants moving through a liner, There have
baen investigations of carth liners in lagoons
(Lee, 1941, Lom®e and Anderson, 1955), und in
these cases satisiactory results were obtained.
We assume, therefore, that carth liners could
also be used for lining solid waste disposal siles,

The physical propertics of ¢lay mincrals and,
therefoce, of carth liners comtaining clay
minerals are affected by contact with solutions
containing large concentrations of, dissolved
solids, such as refuse leachate. Our preliminary
investigation of the effvct of leachate on the
silty clay till at the old DuPage County landfill
indicated that very concentrated leachate par-
tially floccutated the till, Hence, rezctions be-
tween the leachate and the cafth materials to be
used for a liner should be checked.

. There has not been, to our krowledge, any
use of other types of liners for solid waste dis-
posal sites; however, as with carth liners, they
have been used successfully for lining lagouns
and should be suitable for lining refuse disposal
sites, provided, of course, they could be cm-
ptaced and muintained without breaking.

In landfills ikat intersect the top of the 2one
of saturation, leachate can be pletely con-
fincd to the site by maintaining ground water
gradients towards the landfifl. This can be ac-
complished by a suitable arrangement of pump-
ing wells or drains (figure 28).

Above the top of the zone of saturation, ex-
cess soil water must move downward through
the soil under the influence of gravity. For this

Teach be hydrologically con-

reason chate
fined in land(ills that do ot intersect the top of
the zone of saturation. .

REDUCTION OF INFILTRATION. Of the
three sources of leachate-producing  water —
refuse, the ground water, and infiltration ~ the
third is probably the most subject to control,
Infiltrating water can originate from a number
of sources: (1) precipitation, (2) surface water
from outside the fill arca. and (3) irrigation
sludge or liquid waste disposal. All of these add
to the water content of the landfill, and when
enough has been added to exceed field capacity
of the refuse and vover materials, all of this
water will move downward through the refuse
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amd become refuse feachate. As discussed carlier
in this eeport some infiltration through channels
in the refuse will probably occur hefore the
refuse has reached field capacity, '

Constructing the final il surface for
maximum runolf is probably the least expensive
wity of decreasing infiltration. Mr. Julius Dawes
(personal communication) of the Minois State
Water Survey, Urbana, llinois, estimates that of
the approximately 33 inches of precipitation
falting in nostheastern 1linois, all but 2 inches
could be diverted to runoff fairly readily. and
infilteation could be reduced still further but
probably not completely climinated by instailing
a system of drains and teeraces,

As with finers, 2 proper cover should be in-
stalled by competent personnel. Slopes must be
compatible with the type of soil and the vege-
tation to prevent crosion, and the amount of
water that does infiltrate must be compatibse
with the overall fandfill design.

In many instances, the landfill cannot be de-
signed for maximum runoff, because this would
interfere with plans for the ultimate use of the
site. In these cases infiltration wilt depend on
that particular use and climatic conditions.
Specific information ‘on the amount of evapor-
tation and transpiration in a given arca cun
usually be obtuined from Federal or State
agencles,

COLLECTION OF LEACHATE. Two of
the design objectives require coilection of the

“leachate, cither after it has migrated away from
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the site or at the site itseif,

Collection systems using tiles, French drains,
or ditchies should be suitable for most siles. .
Iydrologic confinement that is also a collection
method could also be employed. .

Collection systems for lined landfills or land-
filis situated in materials with Jow permeability
fall into two categories: those designed to re-
duce a ground water mound and prevent seepage
to the fand surfuce along the (il1 marging and
those designed to minimize leachate infiltration
downward through the base of the landtill.

- Collection systems designed only to contenl
surface secpage from the landiill or to control
water levels within the fandfill should be refa-
tively simple and may involve only gravity drains
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main

to keep the top of the zone of saturation within
the fill below the ground surface adjacent to the
fill. The permeability of refuse fills, although
variable (appendix F), is approximately that of a
sand, and so tiles or French drains may not be
necessary.

If the base of the landfiil i above the top of
the zone of saturation, and collection is designed
to minimize leachate contact with a liner and,
hence, Jeakage through the liner, a more refined
system must be used that would probubly in-
clude tile drains, with the base of the fill graded
to a single collection point. The design of this
system would depend on the ¢ ¢ of feakag
allowable at the site.

MONITORING OF WATER QUALITY,
There are three reasons for including a water-
quality-monitoring program in any landfill
design, as follows: (1) to protect the operator
against false claims that he is causing ground
water polfution, (2) to give an carly indication
that something is wrong with the design of the
landfill so that remedial measures can be taken,
and (3)to provide: a means of evaluating the
effectiveness of the design used on the landfill.

Monitoring points should be installed in
accord with the hydrogeology both up and
down the hydraulic gradient from the disposal
site, and if possivle in materizls permcable
enough to yicld a sample within a 24-hour
period. This will reduce the possibility of water
quality changes occurting in the sampling well.
Silts wilt generally have permeability adequate
for this purpose. Monitoring should begin before
disposal operations have started and continue
until the f{ill has stabilized or until the dissolved
solids output of the landfill reaches an accept-
able level. Sampling intervals will be determined
by the hydrogeology but after basc levels have
becn establisiied these intervals might be annual
or scmi-annual. Qut work has indicated that
tota) dissolved <olids and chlorides are good
tracers for this purpose.

CONTROL OF LANDFILL GASES. The

problem-producing gases are methane,
carbon dioxide. and odors. These gases can
migrate through permeable, unsaturated mate-
rials for considerable distances. Although there
have been few (Engincering-Science Inc.,

(]
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1963-1966) studics on migration of gases in the
subsurface, problems shonld bhe anticipated in
environments where the refuse is emplaced in
permeable materials above the top of the zune
of saturation, This would include land(ills in
thick, unsaturated gravels or landfills high above
ground. The installation of a thick, impermeable
cover to reduce infiltration may impede the
movement of gascs out through the landfill sur-
face and force them to move laterally. Methane
is the most hazardous of landfill guses, since it
forms a flammable mixture (5 to 1§ percent
methane in air) with air. An explosion in a
warming house on a landfill in the city of
Elmhurst in northeastern 1llinois has been attrib-
uted to methane's migrating into heating ducts
and being ignited.

In northecastern 1linois, odors from one fill
high ubove ground are dcalt with by venting it
with perforated pipes and buming the odors
with the methane, which is also present, Workers
at this fill huve noticed that gas production
gencrally began about 2 years after the fill had
been completed and is higher in those parts of
the fill containing grass and leaves.

Venting (Eliassen, etal. 1957, p. 115) and
bumirg (Engincering News Record, 1948, p. 86;
Dunn, 1960, p. 68) are the most common pro-
cedures for dealing with landfill guses to prevent
odors and cxplosions. To date, however, there is
little documentation of the effectiveness of
various venting methods under differcnt von-
ditions. Design of gas-tight structurcs for sani-
tary lundfills is discussed by Sowers (1968,
p. 1i5) and First ¢t af. (1966).

TREATMENT. In two of the landfill de-
signs, collection of the leachate is nceessary,
and, if it is not possible to dispose of this leach-
ale into a sewerage system, onssite Lreatment is
necessary. Unfortunately very little information
is available on leachate treatment: however, the
data collected in this study indicate that treat-
ment should be possible. In Britain (Ministry of
Housing and Local Governmient, 1961) a con-
siderable reduction in dissolved solids, par-
ticularly organivs, was accomplished by passing
feachate (hrough horizontai sand and gravel
filters. In Bristol, England, treatment by bablast
filters and holding ponds were also effective




(Bevan, 1967, p. 146).

In Pennsylvania simple natural acration
lagoons with a flow-through time of sbout | or
2 weeks decreased the iron and the BOD of
leachate moving from 4 landfill by 90 pereent,

It appears that because the quantities of
feachate are relatively small compared with
those of domestic sewage, relatively simple treate
ment facilities will be possible,

Design of treatment facilitics will depend to a
certain cxtent on the concentration and
quantity of the leachate to be tréated. These
factors are, in tum, dependent on factors such as
the fill cover, the liner, and final use of the land.
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contealled, .

REUSE STABILIZATION OF LAND. In
arcus where land values are high, it is usually
planned to use the lundfifled arcas for some
other purpose after filling has been comploted.
In some arcas. the presentation of a plan for
final land use is a reguirement of local reg-
ulatory agency. but in any event, finol use
should be considered when the landfill design is
being determined since the two must be com-
patible. .

Four major problems are associated with
reuse of this fand, as follows: (1) scttlement of
the fill materials, (2) gas production, (3) surface

epage, and (4) final cover,

Treatment should therefore be considered carly
in planning the disposal site.
OTHER CONSIDERATIONS

OPERATIONAL PROBLEMS. The oper-
ational problems concerned with the geology
and the hydrology of landfills are those con-
nected with excavation, with handling surface
water, and with cnsuring a supply of cover
materials. Excavations should be planned to
provide cover matcrial for the fill. if other
sources of cover are not available, and their
depth should be retated to the final height of the
fill. This is primarily a matter of planning and of
materia} balance: however, the design procedures
adopted may be the controlling factor.

Most states discourage disposal of refuse into -

open water to avoid the production of hydrogen
sulfide. Procedures have been developed
(Furncss 1954, 1956) to control the gencration
of gases in this manner. These entail the con-
struction of dikes and rapid filling of relutively
small arca. Aeration and other mcthods of con-
trolling the production of hydrogen sulfide were
also investigated in the study by Furncss,
In excavation helow the top of the zone of
saturation in materials with appreciable per-
* meability, serious [ may be ered
in removing ground water from the site, and the

decper the excavation extends below the top of

the zone of saturation the more water will have
to be removed. In fine-textured, less permeabl.
materials influent ground water should be easily
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Settlement will for a
period, and any construction on the fill must
take this into consideration, According to the
American Public Works Association (1966,
p. 126). settlement ranges from 10 to 25 percent
within 6 months to 2 years of emplacement,
depending on compaction techniques, and in
New York (American Public Works Association,
1966, p. 128) 90 purcent of the total settlement
occurred in the first 2 to § years. The data pre-
sented in figure 23 imply a more regular de-
crease in vol (specific yicld), A ling to
Eliassen (1947, p. 757) landfills continue to de-
compose for 30 or more ycars. Duta from this
study show methanc production at Winnetka in
refuse 23 years old, indicating thut the decom-
position is still underway.

A fairly comprehensive discussion of foun-
dation and construction problems in landfitls has
been given by Sowers (1908), He raises the fol-
lowing points:

(1) “If there is any thing consistent about the
sanitary landfills, it is their crratic composition
and extremely erratic but low densities™ 5C to
75 pounds per cubic foot.”

(2) ...the ability of a sanitary landfill to
resist foundation louds without failure is scldom
greater than 500 Ib to 800 b per sq ft.* Surfoce
inspection and load tests may be misleading and
yicld higher results. .

(3) Differential scttlement will probably
occur. This will affect buildings and sewer lines,

(4) Stee! and concrete may be affected by
corrosive action of the refuse leachate,




(5) Excavations are irrcgular, need heavy
equipment. may produce odors, and may con-
tain dangerous gases.

(6) *“Many of these construction hazards can
be minimized by proper planning of the fill be-
fore installation.™

Settfement in fandfills is also discussed by
Merz and Stone (19630, 1963b, 1964, 1965,
1966}, Fungarole and Steiner (1968),

The control of surface seepage will probably
involve tiles or other subsurface drainage to re-
duce the ground water mound within the lund-
fill. This is likely to become more of a problem
as larger fills are constructed. These remedial
measures will be casivr to install during con-
struction of the lundrill rather than aiter it is
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completed and should, therefore, be considered
carly in the fill design.

The finsl cover on the fill surface will depend
to a large extent on the amount of infiltration
acceptable by the segulatory agency. Vegetation,
grading, and drainage will all affect infiltration.

If fine-textured curth, asphalt, or some other
material that is subject to cracking is used as a
cover, enough methane may be concentrated at
these cracks to burn if ignited. This would not
be acceptable in most instances.

Land values and needs in the particular com-
munity will determine the final use of the com-
pleted Tandfill. 1t can be used for many pur-
poses, however, if final use is considered in the
design.
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REFUSE COMPOSITION
. Composition of refuse ’ Component . Gma. pelivtant/pm. dry refuse or
Porcom’® wt, Parcont®
2.38 Corrugated paper boxes Crude fibee 30.3%
9.40 Newspepers Moisture content 18.2%
6.80 Magazine peper . Ash 20.2%
557 Brown peper Fres carbon . C5T%
- 275 Mait Nitrogen
2.06 Paper food cartons {a) free 0.00 mg’grem
~ 1 198 Tissue paper {b) organic 1.3 mg/gram
~ N 0.76 Plastic costed paper Wates solubles:
. B} 0.16 Wax cartons . (a1 sodium 2.33 mglgram
229 Vi tood westes : . {b) chioride -0.97 mg/gram
) 1.53 Civrus rinds and seeds (e} sulfate 2.19 mp/gram
- 29 Meat scraps, cooked coo : 42.29 mg/gram
N ‘ 229 FredFan : Phosphate . 0.15 my/gram
K o 229 Wood - Hargness 10.12 mg/CoCO3/gram
PP o 220 Ripe ree lesves Major metels: . o
~T & 1.53 Flowee gorden plants sluminum, iron, silicon > 3.00% (by specwograshic enstysis!
N - 153 Lavens grosy, green Minos Metals: . e
- B 153 Evergreens calcium, magnesium, potassium © 1.0-8.0% (by spectrographic snslysie)
o 0.76 Pustics
. } 0. Rags
. 038 ther goods
] Q.38 Aubbar compoition
Q.73 Paints snd oits.
t 0.76 Vacuum clesner catch
! 153 Dirt
4 6.86 Metats °
3 .73 Glass, corsmics, ash
PA 9.05 Adjusied moisture
., ' 100.00
' .
. !
' ¥ Fungaroli er o/, (1968 p. 1)
. ’ 2 Kaisar (1966} 88 praseniied I Fungaroli w ol. (1968, b p. 11)
“ co 3 preminary results, - B
4 0f nonvotatite portion.

S91080I5100M
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PROCESS OF DSC’
s House refum
L ]

Inorgenic
materials

Not subject to change-with
the exception of meeals such
o iron, which unite with oxy-
gen, form oxides, and grad. ally
rust awey —but coute the body
of the tip 10 Es uneve and
TEroy. ~=0us, iriluence effiviency
of the bect. Lction and tend o
tengthan the ;»-nod taken 10
stabilize the 1ip and render
te Orgunic refusk inert,

'

Foodstuffs

{1} Of snimal crigin—cxamples: bacor, beet, fish
(21 Of ptant orgin—txamples: appies, beans, ~shbage

Protein-albumen

Consists of compiex nitsegenovs compounds

in form of amino acids

' Leucine

Glycocoll

Aerabic bacteria,
enzymes, and Oxygon act on Ihis
aming acid, which s split up
into carbon dioxide gas, wotcr,
and smmonia gas. Considerabla
heat (755 calories) is grven out
during this pracess.,

[ by serobic
bacteria much in the syme
way 3t leucing and intg
smilac caves and water
Again heat is libersied
(152 calories).

Modidicd trom Brvan (1067 p. 24-28)

Suwr
compounds

Sult o compourds are
frequently present in
protein. Bectena and
thesr 481 ymes reduce
sulfue compounds first
10 sulluretod hyZrogen
gns, then secondly to
wwituric ¢-id of 10
sulfur anct vetee,

Cubo'!vﬁllr
Suget, starch ete.

Aerobic barters and becterial
¢M2yINe. 4l ae-change (he
carbohydrale int1 the gum,
daxtrin, 2 ¥ gucon. .

Glucose is drer aposed inone

of two wevs:

111 Oxidation ty asrobuc Lacteria
into ~stbon dioxide gas and
water, with the hberation & ¢
hast. ons

o
{2) Anasrobic lacuc scid bacteria
will rearrange the glucose nwole-
cule into the motecule of "sctic
acid. Lactsc acidt is roduced 10
acetic acid, cartvan dioxide, and
water, Finaly cesi- acid s oxidizod
10 carbon dhonde and wveter,

.

Fan

Bacterial action through ™
lipese 3plits up «he fat 208
slycerol {glycwina),

fatty acias

Generally sre oxidiced s
cwbon diouice ges snd ¢
pet by 8 biological onidy
involving the Lddrnv. &
An siternative method 0
tion, by the ¢ ‘zymre lige
produces 2’ Dhok and U
hydrogan gas.

—

Glycarot

Is tirst onniised by 8.y
10 dirydronyscetone, w
-oott,
Mhydroxyacetons is ch
¥ *hreg torim:

1) 0" whe lows of 2 mot
acier mathyl giyoxal i
2) »re-wrrngemens of
+ roduces luctie suid; or
{5, * w dihyd, waceto
in10 cthy! alconat and ¢
The provuct of the oy
droxyaceione, whether

vichZed into acetic 3o
wox t..
Acetic.acdd o broken do
dioxide #nd watt o ol
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b Table 2
ICESS OF DECOMPOSITION OF HOUSE REFUSE

Houe refuse
' Organic Materiats |
Mate-ials containing cellulose
paper, rags, fruit, skum, ete.
~ Fits Mineral saits Moisture Alpha (pure} ceilulose
ris! sction Uiwgugh the bacterial enzyme Exist in the foodstuffs 15 essential 10 &1 pro- The bacterial enzyme ceftulase
splits up 101 fatinto farty aceds and n vy tmall quantiies  cesses of decormpoaition, s on tha elements of weter,
of (glycerr . only. Have a value a3 In practicaily every one translorming the cellulose into
R ‘manunal constituents.  of the final stexs of re- the disaccharide (sugar) cellobiose.
- | duction of fonavtuis some
weter is reteawd and in By the bucterial enzyme, cellobiase,
Fatiy acids many of the eariier pro- a turther molecule of water is sdded
. cusos 8is0. Ths surplus 10 procuce glucose.
nerally ara oxidized into weter heifa ¢ start the
woon dioxne gas and mcehane reduction of ex-lulose Glucose it decompoted in 0ne of Two wevs:
) 8Ly u bisk jucal oxidation matier, l1er wing BgBIN {1) Onxidation by serobic bacteria into
voiving the sddition of water. relessed. carbon dioxwde 935 and water with the
® alterndtive method af redue- liberation of hast {G74 calories] or
on, by the (ryme lipase, (2) Anasrobic lactie acid bacteris wilt
soducet $ia, hols and thance rearrange the glucoe molecute into the
ydrogen gar . moleculs of actic snd.
I ‘ Lactic acid is cacvord to acetic acid,
Glyterol ’ carbon dioxide, and vater,
“-4first oxidi ¢ by 8. xyhnum . Finalty scetic acid s oxidized to
3 dihydron, ascetone, water being carbon Sioade and water.

plitoft,

N Hhydroxve e1one it changed to one

T Athees formu: -
° 1) By the lss of 2 molscule of

wter methy! glyoxsl is formed. o
21 « rearca-grement of the motscute .
roducs lart-¢ scid; of
I the dihvdroxyacetone 1s pit up
MO thyl 8:30hot and carhon dioande.
7he product of ihe reduction ol diy-
ronyacetore, whether 1,2, 00 3, 18
Saized 10l ) aceuie Bcid anmd carbon
fioxde.
Acetic 501D 3 Ivoken down 10 carben
fioxidr and water of int0 carhon dioasde sng methane,

(34

Complex cellulose

(Hemiceilulose and lig
catlutose)

Are reduced in 8 sl
manner 10 210N celtul
but, in add.ton tc car
dioxide gas, the g

#0d hydrogen ave evol




isture

santiat 10 sl pro.

s of decornpos-tion.
ractically very one
e final st28 of re-
sion of foo-ntulfy some
o 13 roieasad srd in
y of the earlier pro-
.18 8150, The surplus.
< heips to start tha
ction of ciuiow
100, later buing sgmn
wed.

Matetials containing celiviose
paper, ragy, fruit, sking, etc.

3

WOOTGL@@e0169

Alpha (purel celluiose

The bacterial enzyme cellulase
8dds on the slements of weter,
transforming the cellulose inte
the disacchanide {sugar) celiobiose.

By the bacterial enzyme, celiobisse,
& lurther molecule of water is sdded
o produce glucose.

Glucose is decomposed in one of two vays:
11) Oxidaran by serobic bactersa into
carban dioxide gat and water with the
fiberation ot heat (674 calories) or

(2} Anserobic 1astic acid bacteria wilt
resrrange the glucsie molecule into the
molecuie of lactic acid.

Lactic scrd it reducd to scetic scid.
exhon disnide, and w .er,

Finaslty scetic acid it oxidized to
cacbon dioxde and water,

L]
Complex calluioses

(Hemicelluiose snd ligno-
cellutose)

Are reduced in 3 similar
manner 10 alphs cetivioss

but, in addition 10 cerbon
dioxide gas, the gasss methans
and hydrogon are evolved.

1
Pectin

Two actions are possible v the
decompotition of pectin:

{1) The secobic organism Pectinabacter
amilophilum can produce carbon dioxide
and hydrogen gases with small portions
ot foninic sid and alcoho!; and

{2} the anacrobic Granulobacter pectin-
Ovorum can yield butyric acid and sico-
hol with small smounts of carbon dioadde
and hydrogoen. .
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Table 3
_PIEZOMETER AND SA DAIA
OLD DUPAGE COUNTY LANDFILL
Screened Sond Pack
Intesval intervel Wl Principle unit measured
Woll Ne.  I11) () aing? or sempled Sealed Comments
wa 10.40-13.40 ? 3 Base of upper sand Parlisity Steel pipe used
2 | Sk o9s 3 About middie upper tend No Replaced by MM 49 6/68
3 8388 ? 3 Sums No Desiroyed 4/69
4 8489 ? Dry Seme No Destroyed 4/63
] 9.5100 ? 2 Same No Oesroyed 4/69
8 9.09.5 3 Same No
7 18.6-19.4 199 4 4 1, below 10p of upper il Partislly Reduced 1967
L] 9499 299 2 About middie of upper send No Reset snd wirescreen
regsiaced with § in. PVC
plastic screen 6/68
9 199.204 ? 4 8 f. below top of upps Uit Possibly i
10 9.196 ? 4 About middie of upper send No
1 14.616.1 14 3 Neor base ol upper sand Mo
12 121126 r 2 Sume No
12 11.6812.18 14 Same No Destroved late 1966
14 115120 - Yoo 3 Some No Resat with new wice screen $/68
15 6469 ? 3 About middie of upper sand No -
18A 9.5-100 4 3 Same No Separated from fill by diteh
) Sams and (3ilsosd embankment,
168 129193 ? * 3 Base of uppar sond No Separated from hil by ditch
and railsosd embankment.
17 8.128 ? 3 Middie of upper sand No Separated from (ili by duch
: and railroad embenkment.
8 14.014.5 ? 3 Near bass of upper send No Destroyed W69
19 155160 L 3 Base of upper tand No
20 - 125130 130 2 Same No
21 8146 L4 3 Ssore No
2 9.198 ? 2 Neor bate of upper sand No Probably sifecied by sepiie
. - ) . lislddustrayed
bz 70718 ? 3 About middie 6f upper sand No
2 5560 ? 3 Same No
25 13,0185 ? 4 8 ¢, below 10p of uoper 1l Ponibly Redutad
28 183938 ? 4 . Samsg - No
2 18.2-18.7 * 4 Sorme No Reduced
28 7882 U 3 Noor basg of upper sand No Oestroyed 5/68
¥ 19.0:198 nmono 2 16 11, slove upper till in upper No
sand
Twent atingn o follows:
3 + Pumping rate > 8 gnm.

1 Pumping rate V-5 gom,
. 2Can be bailed 81 1/5 gt/min. 10 § gomn,
S1vilt recover in 1 t0 2 hours when beiled dry.
4 Requircs mors then one dey 10 recover afiss being balled dry.

2LT0008719100M
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Table 3 (Continued)

__PIEZOMETER AND SAMPLING POINT DATA_
OLD DUPAGE COUNTY LANDFILL - CONTINUED

S 11, below refuse in upper
ond

Screened Sand
. intervsl inter Wit Peinciple unit messured
- Well No. th) [{[N] rating or sampled Sesled’ Comuments
. MM 30 7681 20102 Dry Reluse . No Generatly sbiave sone of
. Saturation —gat
n 1881983 12.3-220 7 ft. below refuse in upper send No
2 1.2922 *13.2 3 Near base of refuse No
pa N4ng 0130 3 Near base of ugper sand No
34 1.2117 o117 A About middia of upper send No
35 10.0-10.5 0105 2 Same No Destroyed 9/69
k) 125-130 120150 3 Nesr bate of upyer sand No Detroyed 9/69
a 70756 075 2 About middie of Jpper send Neo ODesvroyed 9/69
33 35.4.0 04.0 2 Near 10p of upper sand No Pipe raised
» 108113 0140 3 Naar base of upper sand No Destroyed
40 10115 0120 3 Base of upper sand No Desiroyed 6768
44 1NOo1S 0120 3 Same Neo Destroyed 6/68
42 1181423 01230 3 Base of upper send No
43 Same No Oestroyed 8/68
44 138143 013.27 2 Same o Replaces MM 2
45 0-2.15 2 Middie of upper sand No
46 07.12 1 Same No
a7 o153 1 Base of upper send No
48 055 2 Middie of upper sand No
a9 0-16.68 2 Base of upper 1and No
50 0.2 1 Near base of upper send No
$1 06.42 2 Near 10p of upper send No
52 01.92 2 in tendtil No
53 0758 2 Near bawe of upper sand No Oestsoyed 4/69
54 6.78838 2 Neas middie of upper sand No
55 02.30 2 Same No A
%6 08.80 2 Same No
57 0-13.08 1 Neor bese of unper sand No
58 01283 1 Same No
59 0147 1 Sane No
60 012.74 1 Seme No
61 .2:7.2 07.20 1 nretuse No Desvoyed 469
62 108-11.8 011,80 1 n rafuse, near base No
- 63 15.8-168 0-16.3% 1 4 . Lelow refuse in upper send No
(] 19.0.200 18.57-20.07 4 6 1. below 1op of upper LN Yes Sealed in (i, seduced
% in. pipe 8/69
65 885985 0985 23 - Nesr middie of upper ssad No
68 15.9-169 14.0-16.9 4 In upper till nesr top Ponibly Sealed in it ?
& 15.5-16.8 0168 23 Yo Destroyed 8/69

TL19087D100M
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- Table 3 (Continued)

PlEZOME'i'ER AND SAMPLING POINT DATA

OLD DUPAGE COUNTY LANDFILL — CONTINUED

Screaned Sand pack
Interval intorval Vol Principle unit meeswred
Well No. e i) rating or sampled Sealed Comments
€8 10.1.1084 964-1064 1 Nesr base of upper send Yoy
€3A 4550 0-5.00 Near middis of upper sand No
€9 93103 9.17-10.30 ] Near baw Gf vpper sand Yes
70 86898 8.80-9.20 1 Same Yes
n 70100 9.00-10.00 1 Sems No
NA 547587 0587 Near middie of upper send No
n 731030 9.30-10.20 1 Neor top of upper send No
2 7.688.18 1818 ) in refuse No
" 7.60.0.10 148.10 ) Same No
% 3.64.9.14 8.949.14 1 Same No
7 12141264 01264 1 in middie send No
7 12.50-14.00 101400 1 In seluse Ne
1 13.831433 11433 1 n refuse No
bed 10.90-11 40 1-11.40 1 Widgdic of upper sand No
80 8.018.51 3881 1 Same No
8t 11.72012.20 812.20 1 Same No
W A 720750 70.0-75.0 2 Top of siturisn Yas Crock in pieromeswr
neer surfece
18 29.531.0 330 4 16 f1. below top of tik Yeos
A 71.075.0 -75.6 3 Top of silurian Yes Pertistly plugged
28 38.041.0 410 1 24 1. below top of tilt in Yes
N interbodded sand
A 63.501.5 -73.0 ] Tog of dolomite Yes
. 17.5-205 -200 L] 3.5 f1. betow p of 1N . Partislly Reduced
K 395425 A5.0 t 20.5 ft. below tcp of il In
Interbecided sand Yes
30 47.540 475600 4 Top of fower tiff Yes
oA 90.083.0 85.093.0 2 TYop of dolomits Yes
48 480510 43551.0 3 13 1. below top of titt Yor
AC 285318 320 3 Basze of upper sand Yos
A 4710600 47.050.0 1 21 fe. below 10p of tH in Yo
intsrbodded mnd
8 200230 10.0-02.0 2. B30 of upper send Yes
s 130138 120028 2 1 f1. betows refuse Possibly

TL100070100M
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Tabie 3 (Continued)
PIEZOMETER AND SAMPLING POINT DATA

OLD DUPAGE COUNTY LANDFILL-CONTINUED

Screened Sand pack
interval imaryal et Principle wnit messured
Well Neo. [L]%] ) rating or sympled - Sesled Comments
[} 455485 41.0485 1) 9233 t1. below top of till Yes
n interbedded sand
68 wono 15.0-21.0 2 Lower part of upper sand Yes
oC 7580 50110 2 Upper part of upper sand Possibly °
7 5292 0997 12 RAetuse No 4 in. obsarvation welt
L] Caved and sbandoned—
sampies only
8 - Cated snd sbsadoned -
. samples only
10 W.1398 38.923082 4 12.22fc. below opof upper . Partly
u
w 1A 290300 28.20.30.00 4 2.30 h1. below top of 1N Yes 2in, sempling wetl,
. tealed in clay, reduced
/69
tia 238248 3 Bass of upper sand Possibly
12A 336346 3371-U8?7 4 7.47 i, betow 1op of upper Yo 2in. sampling well,
W sealed in clay, reduced
T 8es
28 148152 3 Neor base of reluse Possibly Pozswly sesled in
X refuse
13 In reluse No 4 in. observation well
11 .26-29.26 4 15,19 1. below 109 of till Yer Sealed in til, reduced
16 29.34.30.00 4 4.31 1, below top of vtk Yo 2in. samiphing well,
sealad in clay, reduced
1% 2592-27.00 4 2.8 1. below top of til Yer 2 in, sampling well,
. . M sesled in clay, teduced

€L199015100M
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Table 3 (Continued)
PIEZOMETER AND SAMPLING POINT DATA

WINNETKA LANDFILL
Screenad Sand pack
intervsl interval Wel Principls unit measured
Wolt No. (1] iny rating o sampled Sealed Commaents
MM 135140 120140 3 Upper part of ti4 Partly
2 4580 0550 3 Upper part of slluvium No
3 105118 20110 3 Upper part of till Pastly
4 185175 150120 4 Upper part of tid Partly Buriad by
L 4045 0545 3 Ugper pact of alluvium No
8 5580 056.0 2 Atluvium No Buried Ly list
? 17.5-180 160180 4 Upper part of titl Partly Reduced with 8 1. of
% in. tubing
8 5055 0558 2 Alluvium No
9 45650 0550 3 Aliuviun No
0 4550 0550 2 Reluse . No
1" 8590 0590 3- Retuse No
12 8500 0590 2 Aluvium No
13 170128 16,0180 4 Upper part of till Partly, Reduced with 12 fr.of .
% in. tubing
" 7580 0580 4 Aluvium No Reduced with 81t of
. - % in. tubing
15 10.5-3.2.0 98120 Plugged vaith Bentonite
bl
16 10:5-120 100120 4 Bave of plluvium Yes
17 105120 10.0-120 4 8210 of alluvium Yes
18 108120 100120 Pulied piezometer oft
‘while back filling
19 105120 10.0-12.0 4 Base of stlvvium Yes
2 165120 100120 . Plugged dry sz B fe.
n 105120 10.0-120 4 Bese of slluvium Yeos
22 105120 9.7.120 Tubing pulled off
a 105120 106120 4 Base of plluvium
24 8.56-9.08 0.59.08 3 Alluvvium No
25 s.ne2 1.08.21 3 Aluvium No
26 8.839.13 1.09.13 23 Alluylum No
27 10621112 1.011.12 34 Alluvium " Ne
2% 8.7719.27 1.09.27 3 Alluviom No
048348 0348 12

- Refuse No

»L100819100M
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.- - Table 3 (Continued)
PIEZOMETER AND SAMPLING POINT DATA
\
\ - - N -
NE WINNETKA LANDFILL ~ CONTINUED
Scroened Sand Pack i
3 - laterval interval wall Principle unit measured
5 Velt Ne. ) - (%] ating or ssmpled Sealed Comments
MM 30 264.564 0-5.64 12 Refuse Flowing st ground level
- n 6.00.9.00 1.09.0 12 Reiuse
32 3.44.6.44 1.06.44 12 Refuse
n 3 Aluvium No Some surface leakage
k) 3 Alluvium No
35 2 Alluviem No Ovear sowar
% 3 Aluviem No
N 3 Alluvium No
38 3 Albavium No
29 2 Alluvium No
40 2 Rafuse No Siotted for gas sampls
K . 43 23 Alluvium No In disch surlace leskage
42 3 Alluvium No
. 4 23 * Alluviem M No Destroyed
. v " aa 4 Uppsr part of tif Yes
-~ as 12.91-18.1% T4 Upper part of 1it Yes
- 46 19.79-20.79 172.29-20.79 4 Upper part of til Yes
a7 19.99-26.99 19.49-2099 4 Upger part of il Yes
B 26.82.30.32 27.32-3032 4 Upper part of tilk Prohsbly
F 49 29.82-30.00 27.86-30.36 4 Upper part of til Probably Reduced
%0 6.87.2.37 0.00-7.37 3 Atluvivm No injection testarray
51 6.396.89 0.00-6.89 3 Alluviem No Injeclion testarray
3 52 661211 0.00-7.1% k] Aluvium No Injaction testarray
53 6.55-7.05 0.00-7.05 3 Aluviem No injection testarray
54 6.607.10 0.00-2.10 3 Aluvium No Injection testarray
55 8055 7085 ? Altuvium Probebly
i 56 8048 7085 ? Allovium Probably
\ .
| W 1A 12059238 11001240 2 Upper pert of siturion Pactisily
[} 18 95.5.98.5 920990 3 HNear base of 1ill Partiaily
- 3 10 83.088.0 19.0990 3 Near middie of til Parvially
A 1D 545878 85.067.5 3 Upper oert of tih Partiotly
v b 1€ 12.015.0 1.0-18.0 2 Base of refuse No
A INSI1243 11201248 1 Upper part of siturion Yes
28 675705 65.0-70.5 2 Nea middte of il Yes
. . 24.027.0 30.037.0 2 Near top of titt Partly
i 25108 10108 3 Base of shtuvium No
N 3A 11501180 112.0-3180 1 Upper part of slurion Yes
i 38 540655 2 Near middie of 11 Pactislty
1 k3 240305 3 Upper part of 10 Partisliy
H 30 85135 2 8212 ¢f alluvium . Partisiiy
\ 3 D45 2.04.5 Dry Top of sllyvium No
\ WA 12251258 1001268 L Top of siurion Yo

SLTO001D1LO0M



. —————

P

e

Table 3 (Continued)

PIEZOMETER AND SAMPLING POINT DATA

WINNETKA LANDFILL ~ CONTINUED

Screensd Sand pack
Interval Interval el Principle unit measred
Well Ne. (L] ) rating ¢ sampled Sealed Comments
48 82.085.0 77.085.0 3 Near base of till Yes
4 $5.0-88.0 44.5-88.5 2 Neac middls of 1N Pastly
40 32,0-35.0 30.0-35.0 3 Upper part of till Pactly
4E 13.016.0 11.0-16.0 2 Bece of slluvium No
BA 32035.0 30.5-35.0 4 19.5 f1. below wp of till Protably
58 9.5-125 00125 2 Base of refuse No
8A 55.5-53.5 62.0-58.5 2 Pear middie of Ul Yas
68" 275305 4518 4 Near 10p of till Yn
T $2.085.0 88.0-83.0 3 Lower part of til Parvistly
78 42,0450 38.0-45.0 3 Near middte of 1ill Pastially
€ 95125 60128 3 Base of slluvium No
123 60.062.0 55.066.0 2 Near midctie of till Yes
cae 260290 23.020.0 ‘3 Unper part of 1itl Probably
8 11.512.00 05120 3 Base of sthvium . No
9A 640650 57.566.0 2 Lower part of 1l Questionable
28 10.0-10.5 0.510.8 3 Base of aliuvivm No .
10A 38.30-35.80 34.80-35.80 4 T, 23.3 11. below refuse Yes Reduced
08 1318 1.8 23 Cose of refuse No
" 1491159 14911691 4 Tilt, 0.41 f1. below refuse Yos
12 13.89-20.80 10.89-20.89 4 T, 9.4 f1. betow ralcse Yo Reduceg
3 3.75:8.00 0.00-8.00 1 Base of refuse . No
11 33.49-33.99 33.3233.99 4 Till, 19.5 1¢. below raluse Yor Reduced
15 24.45-25.48 24.452546 4 T, 1313 f1. below retuse Yas Reduced
16 19.38-20.38 19.2020.38 4 Tili, 6.93 It. below refuse Yeas
7 14.58-19.38 0.00-19.39 2 Saze of retuse No.

9.700219100M
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Table 3 (Continued) o
PIEZOMETER AND SAMPLING POINT DATA

ELGIN LANDFILL

Screened Sand pack .
lntorval Intarval Matesial Wolt Sesled Comments
Well No. i) s ot in rating
iw 1A 40440 32.044.0 Dolomire 1 Yes Buried, 8/68
18 D080 200260 Gravel 2 Y3 Buried, /68
1c 75108 30105 Sandandgravel 1 No Buried, 8/68
2A 600620 83.063.0 Dolomine 1 Yo .
28 460490 32.5495 Sndend gravel 1 Yes
2 80110 2.031.0 Sendand grave)  ? No Foot veive removed
A 550380 51.059.0 Dolomite 2 Yes
38 S 210345 Sond snd gravel 1 Yes
ac -11.0 Ssndendgravel 3 Na Foot valve remioved
-8A 820, Oolomits 1 Partly
48 7.8 Sand & peagravel 1 Pactly
AC 19015 Send &peagravel 1 Pasity
40 0.0-31.5 Sand &peagravel 3 No
SA 7nsns Sitty sand 2 Fortty
68 105938 60128 Sond snggravel 1 No
6A 330410 35.041.0 Sitty sand 1 Ye3
68 185216 218 Send and gravel 2 No
A 300330 20023.0 Silty sand 2 Pestly
78 220250 18.025.0 Sendandgravel 3 No
8A 105388 31.0.36.6 Sand 1 Yes
88 150180 10.0-18.0 Send and gravel 1 No
SA 280110 25.031.5 Sandend gravel 1 Y
98 120150 1.0-150 Sandand gravel 1 No
10 1597-16.42 111847 Sand snd gravel P Partly
n 9.00-10.38 010.38 Sandend gravel 7 No
Well 1 4.90-7.90 07.90 Sndendgavel 2 No Foot velve removed
W 2 1785198 o198 Sndandgravel 1 No Lost

LLTOORTIDL00M
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Table 3 (Continued)
PIEZOMETER AND SAMPLING POINT DATA
. . WOODSTOCK LANDFILL
Screoned Sand pack
intorval interval Materlat Welt
Well No. [LF ] e wtin cating Sealed Comonents
MMt 7.58. 0.08.0 1 No
2 120178 11.0-180 Grovelly sand 3 Pantiy
3 6510 05-7.0 Sitt 3 No
4 185190 120210 Grovel 1 Partly
s 105110 85110 Silty sand -3 Paruy
6 6065 056.5 Sendend gravel 1 No Buriea, 1968
7 8590 059.0 Organic silt 2 No
8 150158 14.015.5 Organic silt 3 Partly
9 8590 0.59.0 Organic silt 2 No
10 8085 0585 Organic siit 3 No
W 1A 22052238 209.0220.8 Send and gravel 4 Yo Reduced
18 N.0MU0 30030 Send snd gravel . 2 Partly
1c 22025.0 -25.0 St 2 Partly
10 .6148 <145 Reluse 3 No
274 14501480 +148.0 Sandsnd gravel 2 Yo Detiroyed, 10/G9
28 16.0.790 190 Send and gravet 2 No Destroyed, 10/68
b 53558 -66.5 Send snd gravel 2 No Destroyed, 10/69
20 8.69.0 9.0 TN 2 Probably Destroyed, 10/69
2€ 4.56.0 -5.0 Sandand gravel 1+ No Oestroyed, 10/69
A 19201050 180.0-195.0 Sandand gravet 2 Pastty .
3| 16201650 168.0-169.0 Clay gvor sand
and gravet a Portty
I 10151045 88.0-1045 Sendy tilt 3 Pastly
a0 82.065.0 55.065.0 Sandand gravel 1+ Panity
€ 19.0-220 . 220 Send and grovel 1 Probebly
¥ 1078 7.5 Sand end gravel 2 No
4A 11801210 11209210 Sand 2 Probebly
- 48 102.0-105.0 98.0-105.0 Sitty sand A3 Probably
4C 700730 65.0-73.0 Sand 1 Yes
4D 265296 298 Ssndend gravet 1 Yeas
4E | 13013S . 11.0 120 Sandy silty til-  Dry No
SA 4.0470 - 430490 Sand 1 Yes
58 185215 © 18018 Sendy siit 1 Yot
sC 8.5-10.0 8.010.0 Sandy st 2 No
6A N.0340 2040 Send andgravel 1+ Yes
&8 3010 6.011.0 Refuse 3 No
7 8.7913.79 013.79 Refuse o No
8 12.0817.08 012.09 Refuse ? No

8LT200TOLO0M
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Ta'bl.el

TEXTURAL ANALYSES"
Depth Suaticraphie Totsd Sample <2 mm dismeter
Viel No. i) position Geavat (%) Sand (%) Sdt (%) Clev (%) Classification’
. OwPAGE COUNTY LANDFILL  °
Newr LW 4 o1 Cover on fill 3 14 60 2 Siig loamn
s [ 2] Cover on fill 8 12 .83 3 Silty clay loam
1 o1 Cover on fill 3 13 85 32 Silty cley loam
s [ 2} Cover on (i% 8 " 13 » Silvy ctey losm
3 1.8 Topcolt sdjacent [ ] 20 -4 » Silty ciay loam
o tin
1 .5 Te 1} % % 8 Clay loamn
0 fik R
7 08 Cover on fin 10 .- 48 38 Sinty clay loam
1 1.5 Cover on R - 8 62 N Sitty clay losm
13 05 Cever on fil s 20 - 3 Clay
12 .5 Cover on il A 24 % 43 30 Clay losm
18 348 Surficial sand 38 45 - ” 18
18 10542 Surficiel saad 0 2% 64 n
20 121433 Surficlal sand 4 2 61 "
48 1198 Surlicial send 1 43 ) | n
{below fill) ..
40 21529 Surficiel sand 1 1. e Mostly silt
{below fili . N
" 171183 Upper tilh - n 56 k3
28 17188 Upper sil 6 10 53 n
] 179838 Uppwr thh 10 k4 n 2 .
48 48495 Middte tht 22 kL 44 n
1] 42435 Middis tist n 3s 45 20
. » 40418 interbedde sand 2% T 18 8
Mear LW 28 41.543 interbadded sand 0 8 14
e 42438 Inserbedded send E ) 3 1“4
[ 80-51.8 Interbedded sand 14 B 13
. s a“ Interbodded send E] o s
WANNETKA LANDFILL
Nesr AW 7 [3) Cover on il - 1 32 40 28 Loarn
NE corner 18 Adjacent vo it L] n ‘e8 23 Site loarm
South side N : .
of iy 18 Adjecant so I [4 8 64 28 Sitt loem
3 Anetysas performed under the spervision of W, Arthur Wite, ‘
3 Gravat > 2men sand 3.0.082 mm sitt 0.082.0.0000 mw cloy <D .0030 men,
U.3, Qepartment of Agricuiture,

6L1000791004



WINNETKA LANDFILL (Contiaved)

~

Well No. St-atigraphic Total sample Sampls <2 mm dismeter
(LN positien Graval (%} Sand %) Sikt (%} Clay (%) Clmsitication
Newr LW & 1.8 Adiscent to fill [} % 48 3 Losm
[} 251 Upper til 9 19 83 k]
L[] 24528 Upper tikt 3 17 49 3
8 34.5-28 Upper til L] 10 41 43
(3 47488 Lower 1 1 42 45 13
13- [.X] Cover on fill 3 48 29 23 Losm
3 5 Cover un fiN 2 65 20 15 Sand loarm
17 [ X3 Cover on i} 2 40 3 3 Clay losm |
” 15 Cover on ikt ] 40 26 34 Ciay losm
8 458 Surficiel sity 1 2 St n
8 13518 Upper till bed
5 %08 Vppee 1ilh 3 13 48 39
s NsN Upper 68 . 10 46 44 ‘
ELGIN LANDFILL
New LW 7 [ 3] Cover on fill 40 40 ” N Clay losm
? os Cover on % 18 3 . k] Clay losm
7 15 Cover on 1il 18 9 +3? 24 Losm
1} 15188 Swrficial sand 3 10 o [ )
8 12519 Surficial 12vd 1“4 98 . 4
[ 19.5-21 Surficial seng 85 ksl . an
[} .56 Upper till 13 27 -4 32
: [ 32338 Upper un 7 1 a2 ]
. L] 38298 Batel sand [~ % E)
. WQODSTOCK LANDFILL
Near LWy & 01 Cower on fil} 3N 3 N 18 Sandy loam
SW corner (3] Cover nn il 16 2 81 13 Sit loam
Nese LW 2 0 Cover on till 9 s 49 38 Selty clay losm
4 185 'lw‘ll:ﬂm'l ) 50 3 " Losm
o
NW corner (X Topeoi adiscent
to il 1] 84 [ ] " Sand
Near LW 7 os Cover on il 2 48 9 13 Loam
? 18 Cover on #ill 29 85 3 14 Sandy loem
8 05 Cover on fiN 2 n 14 14 Sandy losm
a 1.5 Cover on tist 14 58 25 7 Sandy losm
.8 24.5-28 Upper 1R .3 14 " 42 X
S 42438 Upper tifl 3 n 3] 3s
s 35388 Upper ikt 4 10 48 42
s 49.5-51 Lower 1) " . » 38 25
[ 39.5-41 Lower 1 7 a“ a8 18
- [] 84.356 Lower tilf 22 a 38

26100079100M



\_ £ [N o 2 ( “ . ( i
) ’ o TABLE § )
B CLAY MINERAL ANALYSES* *
’ P Porcont <2 jt fraction b
L Dapth Mont- Chlorite and
! Landbit WeitNe. Ut} mociitonite | ttie Raulinive Unit sompled
OuPoge County “uve %208 2 7% 19 Upper titt
we 39541 28 ns ] Uoper tis
Winnetka ws 12135 3 T80 ” Aluviom?
L L s 7ass s 8t 8s - Uppe tin .
Eign . ws 18517 n ‘678 - s Upoer 1l
ws nns 1" ) 24 Lower tit;
;Anm”ummmmmnm&m.m ' ey
radi by w10y ook the <2.micromeise
. -
>
t9
H
. L}
- ' .
S \ ]
M ;
V- 'z
o ) 8 .
[ B . 3
& . ; :
. | . ] . ; g. :
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.
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TABLE 6 T

Totad
b o (CeCOy) Sulfate (o)  Chlocide 1 nee ?
Daw volide oo acids. s Sulfste  (on ron
Welino.  ssmpled (spmi oM (ppm) (ppml (opm) ool (pmi  (ppow) fpem) (ol Commeonts
DUPAGE COUNTY
w 290 s 42 18 126 [
268 4 23 6 55 4
%0 29 49 26 12 °
% 0 ” 1% 7 0
30 2 9 18 4
340 ” 19 23 0 o1
338 68 17 " 04
0 18 T8 s ;A g
4520 S 962
8700 940 1200 1,100 206 Detergeets, 2.
. 400 9,000 1,600 1323 2250 400.8 °
50 02167 12559 65 446C0 3950 9000 1661 1,900 400
€8 10-367 13409 62 45643 9200 10600 1,200 1202 2000 74 o
S8 102467 11465 76 20700 . 6550 8000 461 1120 1750 762 [3
€8 11767 8047 €5 I7LE3 9,150 6200 190 1210 1078 461 [4
SC 8C6 6712 67 1883 6700 49560 IS0 © o
6A 8967 353 79 8 [ 30 188 2 10 638 [3
6A 112867 M1 79 2 on 320 2 28 0 3 °
68 8867 1303 13 16 [ ] €50 76 12 [3 [
€0 9667 1715 79 180 e 590 64 518 188 5.0 o
68 112867 2015 75 230 oneg 600 24 726 20 10 [
6C 896 1972 13 143 ] 690 [ X) 360 18.2 02
MM 2 92167 1976 70 232 e 840 523 240 49.6 neg
2 10367 1513 72 208 weg 40 18 o 400 416 [3
3 9887 45 74 k. 840 26 1904 800 192 o

TB8T00219100M
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TABLE 6 (continued)

WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

Total
dinsivd Totad Orgwnis Hardnwm Dodium Mangs-

Date eolide cop edds (000 guttare {(as} Chiloride ron ()

WollNo. mempled  Ipprwd [ (rpm) tsem)  (pom} tppm)  Lpm) irom) {pomd ippm)  Commums
DUPAGE COUNTY .
5 8087 1034 74 8 00 720 148 187 120 42 109
3 "nWE  1N2 73 00 g 20 [ 229 1,500 400 02

”? 10567 9.604 67 190507 65900 6.100 63 1338 250 a4 °
15 102547 08 74 4 ey 520 3 178 00 238 02
17 102567 1468 69 6 neg 1020 2 208 2 400 07
18 8967 3i30 75 430 “w 149 02 828 450 29 °
18 112867 3033 5 20 oy 700 31 1603 925 440 °
19 10367 2868 72 210 g 1600 4 582 28 142 0
20 1038 234 12 249 80 780 ° 7ns 0 b7 °
20 112067 2812 75 20 e 70 x 267 57 aco °
21 10367 788" 74 9 ne 520 n 120 48 403 01
22 102687 618 (3] 2 neg 460 18 73 175 Py 0
23 2667 [~ 71 61 - ney 570 ® - 107 €8 2 03
24 9667 “e 73 8 g 400 70 43 248 7 03
33 9267 1508 73 M nep 820 10 38 220 44 0
3 312867 1291 78 o 480 43 E 63 pres °
» 102567 690 73 1B 450 a 6 8 n °
T 102567 638 12 20 [ 7 ] 230 0 23 " os
“ 102467 604 74 248 nog [ 62 as 0 02
62 21369 2,001 67 4500 1960 [3
At 10 » -8 1 ° Oolomise wett
plsat 9-6-67 ay 27 1M o 240 1" n ? ° Oolomite well

1167 e 18 6 g 250 L]
Fumwell 8967 - 1 [] 0 Ed a2 058 [ Dolomite walt
Aluminem [
plant 3067 32 17 L] @ 30 L) n ° Dolemits well

€68100019100M
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TABLE 6 (continued) .
WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH :
N~ H
- '
Torsl o H
dissolved Toisl  Organic  Herdnas Monga- i
Dste wolids [ acidy {ss CaCO4) Salfare lost) Chioride  irom o .
Woll No, sampled {pom} [ tepm)  Ippm) (ppen) ippm} i (gpm) (ool  lppm) Comments !
)
.OU PAGE COUNTY —continued
Aluminum
plant 11167 «7 73 [] ey 310’ ] a“ ] 02 Oolomice welt .
Elecoonics : . t
plant 2667 »8 78 1 20 330 (7] (5] [N 08 Oolomite welt
Soring nn R
S, sids
ot road . .
rear 12468 2605 70 2. 80 00 150 1000 20 78 [}
[XVF ] 21969 26882 L X 70 25 :
Keany *
Creek -
20CHN 1-24-68 851 18 2 neg 330 162 102 48 os [ .
tam o 21969 506 17 2 0 xn
Kress . b
Crack
near .
MM 12 12468 554 bz 4 » aw 160 0 81 04 °
Kron :
Creak
nexr
MM 53 1-24.68 659 73 3 L] 350 164 9% n [T} [
Kress
Cresk
aw : .
MM 53 21969 862 78 s 2 »
Kress
Creck
at bend,
rmiddie
of fieid 12468 63 kF) L} w0 E ] 198 » E (3] 0 channel.
. 9 nreem neer MM §6

1
X

7810007151004
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TABLE 6 (continued)
WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

Totsl .
dicxsived Totdd Ogenle Huriren . Sodwm Marge-
Dats solits cod acids - (a3 CoCO) Sultre (o) CNoride  rem ez
sl Ne, upled (pam) [ {pom) topm} {pom) trpw) (rem) {ppnd {pomd {rom)
DU PAGE COUNTY —continued *
Kress
neoe -
A 58 21989 581 78 3 2 »
- VONNETKA
1A 101867 2 “--77 2 nog 140 [] 8 60 1z ]
1A 12- 5867 429 .75 4 20 160 2 19 &5 8 02
1€ 81767 6,146 74 m 20 0 (] 812 15 o [
1€ 141567 4750 . ~=7.8 [~ 110 1000 48 1688 1060 68 ]
2A 81667 247 B0 10 o 98 24 L 46 x 02
28 8-12.67 1060 87 0 830 1"a ne 249 u 02
23 102367 548 75 38 ] 200 k] 19 " 30¢ 03
28 12- 4657 463 15 n neg 230 28 107 [ 160 02
c 92067 2548 69 163 L] 14060 wm 491 770 7”0 (2]
o 101867 2471 7.1 m L] 1,340 10 620 L] <] 03
3A ane &) 5 " [ 190 8 15 st E 02
3A 82387 4«2 73 2 0 260 18 B84 61 n 02
3A 101867 368 5 20 ney 170 4 90 90 ] 02
k7Y 12- 567 339 19 18 15 172 7 9 62 3 [ A]
B 8-3067 1280 10 129 neg 810 s n9 200 1504 0.2
] 101367 - 1827 79 190 neg 1,110 " ek 475 42 0.1
L 83067 s kA 188 weg 1,200 LE] m 0 T 452 L4
n 101867 1202 L2 ) “s ncy 1270 14 282 440 80 [ 3
kL) 8-21.67 1301 70 " [ ] 800 2 kool 2715 3% ]
30 101787 1929 (2] 152 ey 1.470 %5 %4 440 k-4 L]
e,
LR
S—

et JITSON

$81000719100M
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. TABLE 6 (continued)
WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

Totsl
diaived Totd  Orale  Hadnea Sodium . Mongs-
Dae wlids con wcids iwCCOz)  Sutfate  fend} Chioride  irem nese
Weli No. pymgled (ppm} oM {rpm} {pod (ppm) {pom} {ppen) irom) ‘spm) epm)
.
WINNETKA ~ Continued
w aA 91067 224 [T © 80 [ ] at 08 o7
«© 91867 L) 12 20 ~y 370 [ 120 "s 04 08
ac 101667 450 74 B »y 200 26 07 110 262 04
3 91967 1330 A 8 ~ -0 157 0 m s 02
4E 101787 141 79 43 neg 1,020 74 - 148 295 109 . 12
58 1167 2s8 W ™ ° 760 " 033 €00 n °
s 111667 . 2941 &0 200 ™ 720 »n 102 610 E= °
€A 92067 ne 81 . 8 ny 92 18 [ ] 3 48 neg
6A 92857 261 5 8 o 108 4 7 40 » o -
6A 22669 nt % ‘we 0 - 33
7A 11567 €93 13 " nog o 116 103 39 18 02
0 1667 a%e 1 23 2 nog [ ] -4 m n 2 o
78 12567 3 ., 18 9 20 220 68 95 3 [3 02
w 12567 19022 74 n neg 230 0 (] 80 0 02
&4 111067 268 78 [] L3 172 8 “ a9 3 o
8A 1-14.67 08 83 4 acg 100 20 63 b4 2% e
es 11-1667 435 82 31 0 152 130 120 g E] ']
o 2663  2a78 22 189 30 830
8c 22669 76 78 129 120 183
A 111067 201 78 ) 2 [+1) n 81 45 ” °
MM S 125-67 2524 70 ot 40 1320 140 654 360 150 o
6 81667 1236 78 El ] 920 s00 145 190 7 o4
[ 101667 1466 73 20 neg 1,380 %0 35 63 10 03
] 12567 1625 73 w2 E 840 33 sl 10 300 os
8 L2583 1420 21 50 ey 70 w foid 386 162 02
9 12.567 235 72 w02 nry 1,500 216 1258 15980 140 'y
® 12568 4,060 23 B E:) 1480 208 1. 200 @ °
] 22062 3264 23 M nn 1 .

.

. u

PP

9819007191004
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. TABLE 6 (continued)
WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

Totad
disolved Towl Organis - Hardoem Sodium Mange-
Dats solids (=] aclds {ts CaCOgy) Sullate fost) - Chioride ron "oy
Yeeil No, ampled lppm) H  lopm).  (rpm {ppm) (ppm) ippm) {ppm) lopm)  ippm) Comments
VRNNETKA—centinued
MM 10 81567 3318 2.t 617 [ 890 [ 1,145 650 n [
10 111567 3,250 .7 3ce 70 920 17 1072 600 an [ ]
n 92067 5560 [ X} 3,828 3400 3,280 28 1,049 1,120 3. neg
n 1114567 5,939 73* 10800 3,000 Ja 192 1,149 620 539 [ ]
n" 22669, 3,304 - (34 1240 160 s
2 11567 1328 17 ) 0 s 1,300 . 1900 15 80 10 03
7 12567 1119 12 32 L] 530 © 480 [ 05 L <) o
25 2-2669 927 14 a3 [ 60
28 2:2669 1427 73 128 20 73
2 22663 2403 71 a0 o 1.100
2 22669 1,735 67 442 [ 280
a3 22669 8263 74 830 40 2550
3B 22669 49 15 85 [ ] 13
n 22669 1,052 74 500 0 58
33 22669 1828 70 104 40 800
k) 22669 4459 09 947 70 1.050
4G 22669 4200 69 848 0 875
41 2-26G9 44 74 510 0 100
42 2:2669 1107 79 88 40 10
4 2.26-63 9N 74 164 70 @2
@ 22669 €83 18 k144 '] . "
48 22669 401 76 62 20 25
49 22669 n9 7.7 L] 22
- 82 22669 13 1374 ° 61
2061 10867 220 78 6 neg 78 2 38 02 0 Doloras wains
2062 10667 %0 18 8 neg o4 ] 76 6 02 [ ] :h » ;ln worth
w

L8100 IOLO0N




TABLE 6 (continued)
WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

68

Total
disiolved Totad Orpanle Hardnest Godium
[ © wolide ©oD acids {m CaCOp) Sulfase [T ] Chies) .o ron
TWllNo, mmpled {ppml 3 epend irom) {ppend {rpml {rom) {ppmt (ppm)
ELGIN
W 1A 11767 72 50 0 380 7 ot 54 »
82-67 412 10 20 0 n 8 -t 29 9
1A 9-27.67 401 13 16 ko xe 2 43 [ ] 12
18 7267 418 LA o » M8 11 - 31 ]
18 83087 . 428 74 % ~y 330 64 % 8 32
©c 1767 523 12 70 k] 408 40 m. 53 29
1c 83067 1 70 44¢ 40 1010 €50 4an 600 4.2
2A 1067 a2 75 3 [] k) 44 et 3t 9
2A 8267 2 74 12 20 22 34 - 2 10
2A 92667 376 16 4 g J24 20 n & 4
28 12167 o 77 20 [J 332 E: ] wt. 27 »
23 9-26-67 a3 78 a 30 332 20 L] 48
A 7-2187 349 80 110 3 a2 10 ot > 1%
3A 8267 mn 73 22 o 340 8 -t 14 7
3A 92667 76 16 L] ney 320 04 .3 9.2
36 1167 34 &4 38 [ ] 248 0 ot. 38 7
38 8-26-67 383 2.7 10 L] 8 - ] 33 6 LX)
45 7-26-67 374 72 290 % 8 3 ot 2 7
4A 8267 383 70 [ ] 20 24 5 - 27 7
4A 92667 359 74 8 100 a3 04 % s 32
48 7-2687 38 12 €0 0 us 4 -t 3 3]
48 8-30-67 336 13 12 20 a0 2 s ] ae
4 72667 68 74 &0 k) a8 ] -t 9 ?
4c 10 73 neg ~n 350 " [ ] LY 3
SA 7-2667 2470 .7 1.000 3380 22 1. .. 783
SA 187 2248 23 1500 20 844 10 o, 645
SA 8267 220 3 20 o60 1 ] . 045

et dned A A0

8681000719100M
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TABLE 6 {coatinued)
WATER QUALITY ANALYSES BY THE ILLINOJIS DEPARTMENT OF PUBLIC HEALTH

e

Total
dirwived Tousl Hardners Sodlum Mange-

Ouns olidy coD wcide (m Swfam  {em) Chioride (Y nese

INe.  sampled (rprmd [ o) - lpwal opm) (ppm) ippem) ppm) (opmd {rpm}
ELGIN ~ Continued .

58 72667 2570 74 1400 770 1.140 60 st °
58 17767 2287 69 100 180 812 61 en63) o
58 83067 2410 68 [ ) 1.100 P 630 510 75 °
6A 1-2667 k2] 72 n 7 352 4 w12 7 °
6A 8267 298 74 160 0 0 10 m 2 7 °
6A 82767 a8 74 4 oo 332 5 2 [] . °
€8 72667 1647 74 170 40 1420 1 st 104 165 02
e 83067 1383 72 10 negy 1000 "o 126 138 . 03
A - 1187 B3 75 0 [} 3te 82 en 77 ] o
A 8267 n 74 40 ] k=73 b4 et 18 7 0.4
TA 82767 365 75 12 neg 316 04 23 5 104 o .
7 72167 70 pX] 2500 0 680 33 ot 28 o
8A 72761 386 5 30 2 s B w0 7 0
8A 7767 59 74 5 o 38 3 e & ? 0
8A 92767 35 74 s g 24 4 [3 Br'vY Py
) 72767 1123 73 70 [ 8% 480 o123 s 0z
88 83067 1608 72 20 oy 1250 910 159 128 3 12
9A 8267 374 6 468 0 360 4 w8 15 0
9A 2.21.67 359 72 12 [ 28) 33 i 7 2
o8 8267 1262 7 a2 [] 7c8 487 m 218 198 04
93 82967 2272 73 3 20 1390 1.360 314 435 n2 oS
o8 112867 152 77 50 g 670 642 398 250 $5 03
1 91567 2129 79 417 0 700 wacn 57 665 128 ey
1 102467 V£ 12 28 . ® 640 2 a =8 54 °
) 22469 24 80 1”8 2 1,600
2 9.45.67 437 75 2 ney a3 7 s €9 o8 °
2 102447 a2 78 2 E) 28 s ] CJ n °

681200791008
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TABLE 6 (continued)

WATER QUALITY ANALYSES BY THE ILUNOlS#DEPARTMBIT.OF PUBLIC HEALTH

Totst
dinolved Yotel Organie Hardness Sodium Mange-
Dote salidy con il {53 CoCO,) Sulfeta {ent} Chioride Iron ace
. Wall Ne. mmpled topmi o tppen). (goml trpeml (L] {ppm} Commants
ELGIN~continusd
— ; Faren 112067 458 78 2 neg 240 2 100 7 10 800 ft went of sive
Awrport 11-1.67 452 69 7 ney 350 19 < 4 2 0. Xmilewestof LWI
Fox River
atwt 10:24.67 4 [ 5] 2 ey x0 ® £ 38 3’ 0
Fox River
. ot Maring 22469 s [ X] F © “
Fon River
awi 22463 481 80 -3 80 44
Nasing 72167 1372 73 65 ° [~ 620 - 200 R]
Martna 8-20-67 1,284 73 20 ] .€%0 650 204 220 18 10
Maring -11-1-67 1284 72 23 neg no 900 218 20 24 OB
. 0
- WOODSTOCK
Lwis 91367 a9 7.4 12 neg 40 o] 60 2 1778 04
I 11-7.67 “9 72 0 neg %60 87 “ 1% 12 o
[ 91367 1,003 16 8s 75 © 420 28 268 190 ne 7 Detargents, 2.0
4 1167 808 b3 " neg 20 3 73 135 n4e o
1Ic 112067 617 70 306 s 80
. 10 11767 6647 727 ses e0 1000 us 2598 2370 4 o
10 12067 2,265 82 ’ 110 280 2,400 .
- 2A 10667 348 [X] 4 ney 770. 3 .S 10 02
23 10667 <l 81 2 noy 260 12 35 7 68 02
2 81067 a8 77 s [} 270 2 31 [} 2 0
] 8-11.67 38 17 10 o 270 140 - 0 [} 129 o2
. c 10887 n3 3 10 ney 260 24 4 138

261020079100M
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: TABLE 6 (continved)

WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

Total .
drsolved + Totel Organle Hardness Sodlvm Mange-
Durte wlide ' cop sckls (WCCOy  Suttme  (ost) Chioride  rom nen
Woll Ne. wmpled - (ppem} . el (peml topm) oo}  loom) lopm) {pom) toren)
WOOOSTOCK ~eentisved
w20 9-13-67 ko [ ] neg n 64 13 192 os
2€ 81067 m 14 4 ° 360 4 8 1 o
% 11:2657 399 73 ‘333 15 .
3A 10667 404 19 [ acy 3% 1 6 1.1 [}
£l 10667 40¢ 8.1 o nep 310 . 6 1 04
3 91367 »62 8 k1 vy 309 24 [ 1222 [X]
E 10567 . 354 74 12 nog 290 £ [3 04
2 81057 452 5 12 20 ) " 2 14 0
30 91347 430 P X] 4 ] 0 (3] 3 34 02
30 10567 @3 I T e 400 "’ 4 13 0
3n 112067 an 74 28 10 R
o 38 94367 1583 75 129 ng 1010 1438 185 248 [
~ 3F 91367 1235 74 a8 75 10 22 195 72 [}
3F 12067 1314 74 €80 . 20
4A 10-6 67 (3] ] (] 250 ? " - 02
48 10667 *3 80 o ney 270 " - 7 10 o
4 10667 353 79 2 arg 280 a8 8 1 03
4c 112067 38 72 0 .ne3 298 » 10 ? (T3
4 1767 805 75 3 ng 430 175 [ 43 0
112067 583 €3 ° g 540 128 15 4 03 .
SA 81167 397 15 8 L) 350 14 4 12 [
SA 1-29-67 404 80 n ney 280 3 ? 20 o
58 81487 407 73 [3 0 360 66 " 3.3 3
3 11-29-67 27 23 28 nog 310 62 2 0.1
sc 81467 643 72 ] [) 00 19 90 37 04 ’
C 112967 7”8 12 28 e 830 380 7 » [X]
[ 81162 1120 70 81 [ 770 28 69 02
6A 1767 3,133 22 & 20 620 13 120 8 o
6A 12067 935 77 68 ney 520 7 " n 17 °

161000701008

2cama) i
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TABLE 6 (continued)

WATER QUALITY ANALYSES BY THE ILLINOIS DEPARTMENT OF PUBLIC HEALTH

Tetsl
dimolved Totsd Orgenie  Hardnem Sodium Mange-
Date wolids coD acids im CeCO3) Sultate (o1} Chiaride ivon new
Wil No. ssmpled {pom} i (ppm) {ppm} '] lrpm) {ppm} lpoml  ippm]} Comments
WOODSTOCK ~concluded
] 81467 1,545 68 . 63 0 1,160 2333 e 1M? 122 02
4 91367 730 12 8 neg 720 290 5 18 48 [ Z)
4 112067 664 9 [] neg 625 235 " 9 17 03
6 81167 416 73 4 20 390 72 12 12 34 02
6 11.2067 - «“? 8.4 0 ) 378 - 7% 19 " 1 []
7 11767 3823 74 108 neg 1550 2000 1,046 728 38 [ X}
7 11.2067 2743 74 : : 1720 (1] 660
8 11.767 1,492 12 at neg 900 500 272 e 53 [ .
8 11.2067 132 18 o 980 400 16 8 Tzs ~ o
8 2.24-89 1238 2 1,103 L] 238
9 81467 638 14 [} 500 138 m 64 b 28 []
9 1.7.67 9% 74 6t ney 570 20 88 [ 20 03
9 11-2067 718 69 90 1] 0
10 81467 6524 (2] 0 ° 470 56 28 [ 152 1.0
16 112067 583 73 n ney 640 120 0 9 it [J ]
10 22469 S, 563 70 68 (] 18
Stream near 1.1868 v 47 10 2 50 483 188 [ ] 12 2 ]
M 10 22463 450 75 49 [ “
swum ;mh 11868 1648 2 80 » 830 123 38 s 7 [
of
Sweam near 11868 "o 71 k] 50 880 300 & 60 ] o
sw 8and : 22469 595 ;: 60 20 60
tream soutl 1-1868 618 20 18 % enile upstream
side Davis Rd. e “o g 82 100 s o
Straam west 1-18-68 [ ] 72 3 120 700 %8 n 20 3 Q@ % mile dowastreom
side Re. 47 :
J. Fhrer 112067 268 82 4 ™y 20 13 2 7 os 0 400101 NE of site
Véindmil 91367 348 78 ° neg 320 %0 13 s .28 02 200fsSoilw)d
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WATER QUALITY ANALYSES BY ALLIED LABORATORIES'

i)

s

= e = £ £ ¢ - %
i I} T 3 B 3 31 e}
o & = ¢ &
- i fn . - s gé: & 2 % 3§“
s 3 LI §: 3 i‘ 3§ H 1 B 3
i : il
Well, No. 3 3 3 § %3 § 3 3 LE 2F 8 wes
Ou Page
M3 219/69 70 143 2750 425 11 727 114 650 1242
12 21960 64 85 9358 10 2000 24 5100 7825
12 1e6T UVe 89 159 6070 190 ey 12 328 3180 220 02
T20  219/69 69 1 38 neg 0 12 850 865
s 21969 10 t4 18 6 160 S8 €0 107
36 219/69 75 33 420 m 200 8 ® 780 02
6 2720069 65 003 <53 180 140 148 B9 8 2
MM 29 91/28/67 1267 67 05 zn & 02 ] 452 < 22
2 2196 63 518 3,000 %S ney §60 49 1500 875
a5 21969 63 35 1450 198 29 120 107 740 457
46 - 2020163 83 48 €74 nag 20 289 1740 649
a7 29/ 5 005 290 3 50 68 bl a0 -2 A
MM g 296 66 248 1830 ™ 5 338 243 1840 38
50 2719769 74 023 8 140 8 9 640 [
63 219/ 69 211 180 227 4 100 104 0 670
54 2:19/69 €9 X 780 135 140 180 110 900 97
85 2/19/60 73 450 n e 88 55 443 7
M OS6 2719/69 73 005 230 14 83 64 68 200 14
58 2/19/69 74 0.1 60 20 90 9% 51 450 15
64 219/69 7.1 1 a2 % n 92 56 460 43
6 2190 €S 638 4540 neg 1200 630 5,100
€ 2/19K3 53 1560 10303 1£30 - 6% 2320 "6335 0000 1915
W 2B 11/28/67 121167 63 04 05 12 2 6 40 318 57 .
28 11728/67 1211067 69 0.8 63 v n .4 & 320 18 a2
28 2120/69 58 008 an 0 2 56 41 310 18
4A 11728167 12061 13 o8 328 4 18 53 4 azs 24 os
A 2720069 69 0.10 azs 23 N 55 43 a8 2
5A 11/28/67 121067 81 05 345 2 N » 291 2
5A 2720/ 67 028 240 26 63 38 314
58 11/28/67 12167 59 40 6360 1550 neg 830 289 3300 2480 M
SC 112967 120/67 62 320 eri0 1710 18 595 257 2550 3070 756
5C 2120069 72 49 1o 2060 o 581 3400 3.180
LW 128 220069 60 150 13X 2270 1300 2420 972 10100 2.
3 2200 58, 950 4100 20 M y
Winnetka :
MM 6 124/67 121887 63 1. 285 20 42 263 85 1w N a2
10 124/67 125867 66 ' .25 1970 87 3 68 - 160 268 938 193
2 61, 2 0 1028 a & 19 038 1186

s
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. TABLE 7(Continued)
L. WATER QUALITY ANALYSES BY ALLIED LABORATORIES
g T T 3 - H
-~ § - = - § £ £ 31 -
: B P bR o falid
K s 3 i 13 3 2 § ¢§ £, X ‘E,i L2314
2 5 £ i i § 3 $1 3 iE R
vare,. 4 & ¥ P 5 H 3 1 3 & 35 O
2
P sa6) 1206?10 08 198 41 7 23 7 ® 7 X 14 205
. ;r %‘ 250669 69 0. 156 45 4 [1] 9 84
w i 2s167 V6?68 5 3050 2% s 93 1120 4 34 10 4280
i€ 2026069 .67 143 3050 1156 a8 18 243 1290 13561
24 124/67 88 18 2 1 23 20 ¥ 1 28 os 205
M 225 15 .12 200 2 27 140 8
8A 124167 867 17 16 151 38 18 a0 144 28 19 205
BA  12y67 VST 1) 12 178 3 <28 92 72 43 2 208
A 226/ 71 020 12 138 140 69 2 206 74
- oA 12467 12MET 19 12 164 53 23 23 18 12 65 3
%A 2125169 69 ot 320 1234 30 W e
- 10A 22609 70 04 342 20 . 47 e
~ " 0.8 560 40 36 156 143
©
- (3% 1)
~ LW 18 12867 12181 10 08 a04 1 8 72 0 s a2 s 01 M0
. IC 1728067 2T 10 13 515 266 130 18 7% 608 194 55 10 9w
e 38 MPB6ET 26T 12 05 370 15 8 [ % 52 21 30 12 s
. 38 2/25/69 69 02 242 16 10 6 <0 2% 2
: BA  12M67 12161 69 o5 59 15 '8 n 3 28 n 23 w4 20
: BA 1120067 12167 68 05 263 12 8 75 12 21 3 s os 220
! 6A 225169 61 028 368 23 85 i » 30 32
: 6  1/20/67 121/61 6B 05 49 126 3 124 100 766 116 18 03 6%
BA 112867 12167 10 03 207 12 7 77 2 23 < 25 07 240
8A 2125/60 s 058 262 67 © 34 o0 a 340 a9
; & 1eT aeT 73 05 568 2 70 167 154 1080 2.3 a8 10
s 225/60 67 038 a3 2 80 o w2 134
Maring 212669 Y] 088 420 186 M0 1" 14 o8 134
Woadstock
MM 7 N6 e ss 103 882 68 1230 1o @ 1s10 18 14 2360
7 2/25/69 20 38 2490 1276 1900 176 206 1700 2070
? N2usT NMET 67 12 322 70 213 142 51 568 153 39 09 sso
» 2425/00 20 250 210 5 200 1 a 520 96
LwWIC RuRUET 1467 69 17 468 9 82 . 6 @ 66 12 28 [YH
N 1€ 2167 12467 69 2B a4 63 2 62 6 us % 15 10 aas
1D 112U N2 19 6 1410 2320  neg f2 262 1300 1650 32 15 es%0
n 225/60 . 1.62 ano 2,198 06 s 2 130 267

2Dolomite well, 1/4 mile north of LW 3.
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TABLE 7 (Continued)
WATER QUALITY ANALYSES BY ALLIED LABORATORIES

o#H P T 1Ty BEiu osild
m i 3 i < ; ) & 3 i 3
£ 3 & 3 m 3 i £ 3 - ¥ N RH 3]
i R I T S 3 §35 i in
Weino. & 8 i 2 53 8 a J 22 & ¢ 28F 24
€ 12067 11724167 2] 59 28 19 56 8 % 18 “ g 09 30
€ s ° % 143 340 " 56 74 40 348 k]
30 11721067 11/24/67 74 14 422 ” 82 a8 6 23 28 30 07 s
0 228169 7 085 as2 ” 1 87 an as ¢
3F  W2UET  124/67 [7] 2 8C6 208 10 a - %0 363 432 18 os 1.060
* 79 33 684 203 a8 7% M 62 4
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TADLE S

NEUTRON ACTIVATION ANALYSES* ?

FENRUARY 1997
Bromine Sodium Chi-.rinn Manganese
Well Ne. lppm} tppm) lrom) (ppm} - Comments
Oup.LW 3C <009 16 2 0.12 Interbedded send -not sffected
Oup.Aw 28 <o 1% 24 oo interbedded send-not s'facied
Dup. MM 2 82 187 262 <om Immediataly south of filt in
surficiet send
Dup.MM29 s [ ] 1,150 <003 Below (41 i surficiel sand
DECEMDER 1967
Bromine Sodium
Well No. (rpm) {ppw) tromine Comments
DuPsge LW 58 2@ <02 156 Surticial zand betow fiN
OuPage MM 12 . 188 Surficial send immadistely
eastof il
Vhinnetha AM10 ag? <03 03 Peint withia refuse
Winnetka LW 1E " -] Point st base of refuse
Etgn LWEB 38 <o} ns Send and grevel below refuse
Elgin LW IC 9 15 Surticial mnd eant of it
) beside Fox Aiver
Woodstock LW 10 15? <03 1”28 Point in refure
Woodstock LW I€ o 30 Surficial mnd menediowly
west of §i8

Vieradiared for 1 hour in Teige Reector in Jarwary, 1967, N tong lived cadioecthe

7 Anatyses pesformed by R, R. Ruch, 1llinois State Gratopical Survey, Usbana, thinois,

3 Average of dupticste runs., Estimated scauracy 225% relctive velve,

ity detecnd stisr 2 wasks.

9612080775100M.
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COD recheck®

TDS recheck

Aatiniry?
vochesky

§ ";
: 1
Well Ne. 3 S 8 §
L T 10 ?
W 14 20 13 4
wo1s % 52
w1 ) o8
w & S 0
DuUF W 12A 53 13 20
oy 1A w0 11 3
Ly 8 14,000 8.000
our MM 43 8 ]
MM 59 180 8
i o4 6560 8200
DuP MM 6t 128 360
MM €3 580 290
WIN W 37 6,400 4260
w12 24 ]
w13 1085 153
W 8 2% as
G W @ T .
WO00 uw 1°©c 0 08

Blackwell 54510 39,680

H

1. Quntionsble values underlired,
Coneentrations in parts per million, (ppra}

2. Sarnpled | August 1963 for pH end 80D snd
COD rachacks, Al ather semples Feb. 1960,

3. Anstyses by Teuco Hydro/Amo Sciences uniess
noied otherwive,

N
&

et

1581

1562
Q028

08
2468

¢ Shyzy

a8

t i B

a2

g i

3258

2%

1697

4, Ansiysas by the Iffinois State Goologicat Survey.

S. Analyses by the iilinois Depertment of Subiic Heslth,
€. Measured within § minutes of samphing.
7. BOL < 0.1 multigram per fiter.

< 0.05 milligram per liter.

* Precading pege blank
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COMPREHENSIVE WATER QUALITY ANALYSES **
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»

‘ ] 3 LAY | ‘! f - = 1 1
bl jHi HIfEyas 9l d 14
& 3 £3 & 3l 2 : &

\_~ BOL o028 038 002 11 40 » 2 ” BDL BOL 030 BOL 013 083 04 0.0
2A1 066 648 068 008 o 3 26 27 0 8Dt BOL 030 8DL 290 0S4 10 8OL
06) 032 0.19 002 7 %0 56 28 82 8DL BOL 1.3 8OL 0328 <010 04 0.0
050 1 08 00¢ 7 100 135 23 L] 112 120 6OL 80C 08 sOL 62 _oat 08 8oL

. 85¢ 1,60 0.3t 030 7 %0 o8 100 2 8OL 8OL 1 oL 48 <o.10 08 8oL
136 040 240 031 002 0 M ¥ 27 (] BDL SOL 1 BOL 0.8 <0.40 07 8DL
047 028 33¢ 027 004 8 26 28 25 @ BOL 8OL 1 8OL O 09 005
120 070, 2 072 1M 450 430 610 810 80L 8OL 08 BOL 040 0.13 63 o8

.18 083 008 0o1 3 & [, 0.78 n 8oL
v ug 017 0.18 008 § 16 150 88 80 188 198 8DL BOL 08 170 03 soL
024 065 0.3 0.152 3 78 itz 264 18 236 248 BDL BOL 8Ot 140 <0.10 12 0.10
: BOL 08 BOL 0.8 0. @ soL
: 0s0 0.4 0.44 0210 5 110 98 L] 8OL
1097 080 os8 0260 6 725 0 220 (13 ocoL BOL ¢ 0.10 100 008
i 8oL 1 008 2 oot
1 280 0s0 040 0B 8 108 s 19 28 8Ot
05" 008 034 o012 3 10 $0 4 37 10 118 eoL sOL 1 150 9 003
130 020 023 018 8 S 68 B £ 8DL BOL OS soL 123 <0.10 2 o008
276 043 054 050 4 200 m 220 M8 358 SDL DOL 19 0.10 1" o008
. BDL 0S 080 13.68 008
328 004 0.3 003 7 90 159 = [] 8oL
R 8oL 04 038 04 eot
690 010 0.18 com & 63 (7] ? “ 8oL
8OL 1 388 08 008
e & 170 :0 60 790 900 eoL
C oy BOL 13 © 5500 03
| ,
; '
cod 9. 8OL < 0.005 milligram per liter, 13. Bteckwell vatue calculsted from magnes
i 10. 8DL < 0.02 milligram per liter, * concentration,
11, Below 0.50 ppm and protebly delow 0.02 ppm. 14, Back tivraton,
12. Hel sdded w oM emples. No glas used. 15. Methylene blue active substances (inclu

' 16. Indicstes refuse buried.

17. 80L < § micrograms per liter.
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‘. - »
- 3 s S‘ ~ ~ ~
d 14" oY 1114
! i 4 3 Romarks
183 04 010 8OL 7B g 160 018 03 8OL 66  DOL 030  6OL £d, Wil ot g
154 10 gOL  8OL 8 32 gOL 027 1) O17 69 BOL 0325  BOL Sxmples 15.19 f1. betow top of till
S10 04 010 BOL 115 118 eOL 014 04 BOL 38 BOL 018  BOL Sunpies 4.31 fL beicw top of til
31 05 BOL BNPL 230 224 BOL 031 01 010 B8OL 8OL 040  BDL Ssmples 2.57 fr. betow top of "
110 06 BOL 6DL 103 102 1560 091 09 006 48 8DL 030  BOL Screen § fr, boiow bew of refuse (1952}
110 07 BOL 8DL 10 68 2840 021 Q7 007 6. BOL 030  BOL Samples 7.47 1. briow top of till
L1 09 008 OOL &8 98 1.6 048 03 008 60L BCL 020  BOL Ssmples 2.50 fr. beiow top of il
113 63 015 BOL 478 308 9680 635 Of 008 BOL BOL 080  BDL Sowen 3 f1. batow retuse in wnd (1963
' 03 BOL BDL 128 3t .29 - 04 Oi8 BOL  OOL 020  BOL Sempls top of surficial mnd 630 ft. muth
).10 12 010 8OL WS N 2540 0313 07 009 BOL OOL 12 BOL Swmplcs brse of ssficisl ssnd 325 ft. outh
234 60 BDL BOL 1900 600 2040 270 03 083 OL BOL 1S BOL Samples base of mrficial and 20 ft. wuth ¢
: " 00s sOL 170 158 - 02 028 BOL BDL 03 BDL  Semoles refuse (1555}
12 BOL OOL 440 W7 3520 - BOL 008 BOL EOL 385 SDL Sempies aesr bem of refuse (19801
9 005 BOL 600 100 - -~ 03 144 BOL  BOL  O.15  BOL Samples near base of refus (7/11/67)
)10 2 008 ooL 150 72 2640 0.60 0L 0.03 2oL soL 0.18 sDL transition 1one, 7 {8, below refuse
11 005 eOL 220 109 24£0 - 08 020 BOL EBDL 018  OODL Ssmpios refum (1953)
1365005 6OL 100 (09 3720 -~ 8DL 008 6DL B8OL 050  8OL Semples retuse (1543}
04 BOL £DL 220 209 - ~ 04 Off 8OL BOL 020  BOL Semples near bass of retuce (1954)
05 o008 eotL 118 18 - - @2 01 BOL  BOL 020  BDL Semoles nea bewe of refus (1961)
§300 02 BOL 2,150 - x0 -~ 22 188 43 27 88 B0L Swnples refuse probadly “squeered” leachs

ue calculated from magnesium and calcium
n.

tue active 1 shstances {inciudes detergems),
vre byried

Herograms ger liter.
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TABLE 9
COMPREHENSIVE WATER QUALITY ANALYSES "33 — CONTINUED

2 . " i
i1 BEEE
wane. & HENE R
our LW 68 91 160 015 0J a0t 68 BOL 030 BOL  interbedded Sd. Wetl rot poticted: semples 1733 fest beiow wp of tid
w T2 apL 07 W oV (3] 8DL 033 BDL  Samples 15.19 h, beiow wp of 1
w 15 e 80L 034 04 8DL s 80L 0.5 BDL  Semples 4.31 f1, betow top of till
w8 24 sDL 03t 09 0.0 8oL 8DL 040 BDL  Samples 257 1. below wp of till ™
w68 102 1560 09t 09 0.08 a8 8DL O BOL  .Screen B fr. below base of rafuse (19521
our LWV 124 68 2840 02t 07 .07 [ 3 8DOL 030 BOL  Semples 7.47 fi. below top of 1M
W A .98 116 048 02 003 8oL 8DL 020 BDOL  Sawmples 2.30 fr. bslow wp.
L S8 208 9680 535 0.1 0.08 apL 8dL ozo0 8OL  Saresn 3 ft. below refuse in send (1963)
our w28 1 4120 ~ 04 018 BOL aoL o020 BOL  Swrples top of srficlat 13nd 650 :¢. south of il
MM 59 I 2640 013 07 ©09. (1218 80t 3.2 BDL  Semples bese of surficial send 325 1. south of ti
MM 44 500 2040 270 03 083 8oL 8oL 78 BOL  Sampiss bess of surficial send 30 2. sauth of fil (1957)
ouP M 61 155 20. - 02 024 aDpL 8oL 03 BDL  Semples refuse (1935) R
MM 63 447 3520 - BOL 000 |DL 8OL 23 BDL  Samples near baw of refuse (19600
WIN w17 100 - - 03 114 8OL  BOL 018 BDL  Samiples near base of fetuse (7/31/67)
w12 72 2640 060 BOL ocs soL sOL 0.3 80L  Samgies ransition rone, 7 fi. below refuse
w13 109 24.30 - 05 020 8oL BDL 0.16 8DL  Samplesreluse (1953)
W S8 109 37.20 - 8DL 0.0 eoL 80L 0350 BOL  Semples retuse (1548)
EWG w68 200 - - 04 031 BOL  20L 020  BDL  Ssmples neer bese of refusm (19643
wWOOD W 1C us - - 02 on eoL aot 020 0OL  Ssmples neer base of cetfuse (10611
Backwelt - 20 - 22 1.08 43 27 a8 BDL  Sampies refuee probebly “yqueeswd™ leschate in part
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APPENDIX A
DRILLING, PIEZOMETER INSTALLATION, AND SARMPLING

INSTALLATION PROCEDURES

Much of the drilling for the landfill inves-
tigation was done under an hourly contract with
Luync-Western Company, Aurora, Illinois, but a
substantial number of the shallow borings were
made Ly project personnel with a portable
Mobile Minuteman auger drill loaned by the
University of llinois Water Resources Center,
and a small truck-mounted rig owned by the
State Geological Survey. A total of approxi-
matcly 4,700 feet was bored and 274 piezo-
meters and sampling points installed. Pertinent
data regarding these borings are given in table 3.

The contract drilline program during 1966
and 1967 procecded as follows. A rotary rig, in
most cases a Franks FA 54 with bentonite or
natural drilling fluid, drilling a 4-3/4-inch to
7-7/8-inch hole was used first at each site to
cstahlish the sequence of materials. Pizzometers
were then installed to get preliminary infor-
mation on ground water clevations. Samples of
dri!l cuttings were coilected at the mud tank,
and these, with informastion freim the driller on
the drilling characteristics of the materizls and
from 3 Widco electrical resistivity drill hole log,
pravided data for the sclaction of points at
which the piczometers were to be sct,

The next scrics of contract borings used the
hollowstem 3uger method and generally a
Mobile B61 auger rig boring a 10-inch hole,
These holes were limited to a depth of 2pproxi-
mately 55 fect. Split-spoon samples were taken
inside these augers to get a more precise def-
inition of the character of the materials by visual
ard laboratory methods.

» Additional contract borings were made by
using one of these methods, and in one case the

air-drilling method was used,

Five types of piczometers* were uscd, as
follows:

(1) 24- x Di-inch No. 10 brass well screen (3
ft, total fength)on 1%-inch ABS plastic
pipe

(2) A 6 x |Y%inch No. 10 brass suction
strainer on 1%-inch ABS plastic pipe

(3) A porous plastic 1%- x 18-inch piczo-
meter tip on 3/8-inch ID (internal dia-
‘meter) polyethylene tubing

(4) A 6- x 1Y%-inch No. 8 or No. 10 slotted
PVC plastic screen on 1%-inch ABS
plastic pipe (1968-69)

(5) A 4-ft x 4-inch No. 8 slotted PVC plastic
screen on 4-inch PVC plastic pipe ((loat-
activated recorder wells)

(6) A 2- x 12-inch No. § slotted PVC plastic
screen on 2-inch PVC plastic pipe (1968)

During 1966 and 1967 well screens and
suction straincrs were set in materials considered
permeable enouch to prod water ies
easily for chemical analyses. The porous plastic
piezometer tip was used only in relatively im-
permeable materiols, The suction strainer was
uced only in holes less than 20 feet deep.

The installation of screened piczometers in
rotary borings proceeded in the following
manner. After the boring was made, the screen
attached (o the tY%-inch plastic pipe was in-
stalled in the hole at the proper dupth. If the
screen were 1o be sct above the bottom of the

. hole, backfill was added until a solid bottom was

present at the proper depth, The bore hole was
then backflushcd, through the plastic pipe and
scrcen, until retums were relatively clear. An
average of 200 gallons of water was necessary to
flush a 100-(oot hole. Sand®® was then poured

*Peizometer types 1, 2, 4, S, and & can be oblained from water well suppliers, Type 3 was oblained from Tertatest,

Wedon, Ontario, Canada,

**Commercially hagped <itica sand (St. Peter Sandstone, with 60 and 30 percent setained on 1. S. .isves 30 [0SR? mm}
and 40 (0417 mm| incsl, respectively) was used in most wntracted bonngs. Lovad and was used on wme haitow

borings.
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into the boring or washed down a half-inch pipe
to approximately 1 foot above the screen, The
latter mcthod was most efficient. Next, a seal

was instalied above the sand by one of the fol- -

towing mcthods.

(HAD ite slurry was pumped down 8
half-inch pipe in the annulus. If the sturry
is too thick, backfill will not settle and
subsequent piczometers will sink.

(2) Dry bentonite pellets or granules were
P d down the tus. This method
was used onl in shallow borings, since
the bentonite tended ¢o bridge.

(3) Clay cuttings and mud retums from the
rotary drilling were poured down the
annulus.

The hole was then batkfilled with cuttings or

a fill, sand, and cuttings mixture to the approxi-
mate base of the next piczometer, and the fore-
going procedure was repeated. As many as six
piczomcters were installed in one boring. In
holes subject to caving, two piezometers were
hung in the hole at the same time so thut if
caving occurred the hole could be flushed
through both piezcmeters.

Installations drilled by the hollow-stem auger
methed, in which screencd piszometer tips were
used, were made in a similar manner except that
the piczometer was installed inside the hollow-
stem augers. The augers were raised a little at a
time to allow placement of the sand around the
piezometer tip and the seal. The porous plastic
tips were afso instailed through a hoflowstem
auger and dry bentonite pellets used as a seal,

In the boring made by the air-drilling method,
casing was used to shut out any shallow water,
and the hole was advanced dry to the first per-
meable zone below the casing. A screened piezo-
meter was installed opposite this zone, sand was
blown around the point, and dry bentonite
blown down zbave the sand to form a seal. Dry
bentonite coats and seals the sides of the boring,
making multiple installations less practical. This
type of installation can be used il no apprccuble
quantitics of water arc encountered.

During the summer of 1968 a scries of borings
was made to collcct materials and water samples
frc m the till below the landfill. The borings for

WOOTGLO@O218

materials samples were constructed with a hol-
low-stem auger rig as descrited previously,
Samples from these borings were sealed with
wax in glass jars or carefully wrapped in double
polyethylync bags. The borings for water
samples were advanced into the top of the till |
with a 10-inch hollowstem auger, and casing
was set 10 prevent leachate from moving out of
the landfill into the boring. Six-inch augers were
then used to advance the boring inside the casing
to the proper depth. The boring was washed
clean and pumped dry, and a 2-inch plastic pipe
with a [-foot slotted plastic screen was installed.
This was followed by a sund pack saturated with
water and a dry bentonite scal. The casing was
then pulied and the boring backfilled. /\

Four-inch plastic pipes and screcns for float-
activated water level recorders were also in-
stailed at the old DuPage County, Winnetka, and
Woodstock landfills in 1968. Borings for 'this
purposc were made with 6-inch solid augers and
the pipc and screen washed into place. This
method could not be used at Elgin, because of
the presence of course, caving gravel.

Borings made with the portable Mobile
Minuteman power auger and the Geological
Sutvey rig were generally less than 15 fect deep.
Screened piczometers (1- to 1%-inch diameter)
werc instalicd in these bori.gs with and without
flushing. Seals were instalied at land surface to
pre vertical leal and fly em-
placed at depth by dropping dry bentonite down
the annulus of the bore hole or inside aluminum
casing that had been pumped dry.

During the summer of 1968 and 1969 a
number of shallow well points were washed into
place at the old DuPage County landfill with a
contractor’s pump. These installations could not
be sealed.

EVALUATION OF INSTALLATION
PROCEDURES

Whereas the foregoing mcthods of installing
piezometers are relatively inexpensive, it is dif-
ficult to install adequate sculs between units
with a bentonite slurry. and these seals feaked in
a number of instunces. Leakage was established



by adding or removing water from a suspcct
and noting changes in water level in
nd;acent piezometers in the same boring. Those
units in which appreciable lcakage could be
established are as follows: (1) DuPage County
landfill-LW 3B to surface sand; (2) Elgin lond-
fill-between LW4A and B; LWSA and B;
LW 7A and B; (3) Winnetka landfill-LW 1A, B,
C, and D; LW2C and D; LW3B, C und D;
LWAD uand E; LW 7A, B, and C; LW 9A 2nd B;
(4) Woodstock landfill-LW 1B and C: LW 2B
and C; LW 3A, B, and C. The leakage appears to
be decreasing as the backfill in the borings com-
pacts. The major problem arising from this
leakage is in obtaining reliable water quality
data,

Winn LW 9A is the only leaky piezometer in-
stalled with a dry bentonite seal, and as noted in
the text, this may not be the fault of the seal.

REDUCING STANDPIPE DIAMETER

Two mcthods were ussd succesfully for e-

-
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of the standpipe and to provide easier access for
a stec! measuring tape (deposits tended to build
up on the inside of the iron pipe), a length of
polycthylene tubing was inscrted into the half-
inch iron standpipe.

WATER-SAMPLING PROCEDURES

After each pi:zometer or sampling point was
installed, it was developed and pumped with a
windmill pump jack, a contractor’s pump, an air
compressor or a hand bailer. For wells pumped
with the pump jack, a plastic seat had been in-
stalled with the well screen, into which a ball
bearing could be dropped to serve as a foot
valve. The pipe was used as the cylinder. The
ball bearing was removed by a magnet after

ing had been plcted. This initial pump-
ing was continucd until the water was clear or
the chioride content became constant, as mes-
sured in the field with a Hach kit.

In wells that would recover within | day,
samplés were taken after the fluid had been ex-

hanged at least once in the screen and stand-

ducing the d ofap er d
to mcrc..se its sensitivity..

In the first method, a cork cut to the inside
diameter of the standpipe was attached to 8

" length of polycthyiene tubing (3/8-inch ID) and
placed in the annulus just nbovc !he screen. The
tus was installed by th g it through a
half-inch iron pipe and pushing the iron pipe and
tubing with the cork on the end into the stand-
pipe. The haif-inch iron pipe could be removed.
Dry bentonite or a bentonite slurry was poured
into the annulus above the cork for a seal.

A removable reducer (fig. 29) was used in
piczometers that were to be used agzin for
water-sampling points. This consisted of a half-
inch pipe to which a cork, cut to fit the
standpipe, was bolted. The array was inserted
into the Ipipe and the fus filled witha
bentonite slurry. To reduce further the volume

i

pipe. This was done with the pump jack, con-
tractor’s pump, air compressor, or & bailer. Use
of the gir compressor was the most efficient
method of exchanging the water before sampling
in borings that had water levels deeper than 25
feet. In wells that would not recover in 1 day,
the water in the well was not exchanged. The
samples were usually collected with 2 rinsed
bailer, put in glass jars, and sent immediately to
the laborutory for analysis. No special pre-
cautions wcre taken to avoid loss of gases or to
impede biologic activity during transportation to
the laboratory. During sampling from a well
attached to a water system, the water was
allowed to run for S to 10 minutes and the
sample taken from as near the pump as possible.
Samples of surfuce watcr from ditches, streams,
or tiles were dipped up in 1-quart fruit scalers.
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/ Protective cover with hinged top

’/‘/ Top of %" pipe threaded through

metal to hoid wn position

%" 0.D. polyethylene tubing

- % wwon pipe

Annulus filled with water

% —— 2" PVC plastic pipe
—— Bentonite seal
—— Coupling (4" iron)

/ / l— Side of boring (approx. 10™)

3 I—— Washer welded to %" pipe

Cork (installed below static water fevel)
Nut threaded to %" pipe

Bentonite seal

Coupling (2" PVC}

2-inch-di slotted
PVC plastic screan

Sand pack

Figure 29. Diagram of piezom.eter installation with removable reducer. Use of this device is 2 relatively inexpensive

:nethod of increasing the sensitivity of a pi

ter by ing the di
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) APPENDIX B ‘ o
BESCRIPTION OF SAMPLES FROM CONTRACT BORINGS*

Old DuPage County lundfill

Boring LW 1 )
Depth (ft)

Black, clayey silt topsoil 0-3
Yellow-brown to black silty

sand, coarse-grained grading

to finc grained; black oily staining

and ordor o14
Gray, silty clay till 14-24
Gray, sandy silt till 2446
Gray, silt till 46-64'4
Yellow-brown to light gray

pebbly dolomite 64%-76
Boring LW 2
Sand and gravel gruding to

silty sand at base o-15%
Gray, silty clay till 15%-40
Brown to black fine-grained

sand 4041%
Gray. silty clay till 41%-45
Gray silt till 45-70.
Light gray and pinkish gray

dolomite ! 70-77
Boring LW 3
Brown to black clayey siit .

topsoil, sandy at buse 0-3%
Silty sand, fine grained.,

dirty at top and base 3414
Gray, silty clay till 1421
Gray silt till, pebbly - 21-40%
Gray, silty clay till 40%-41%
Sand gravel 41%-46%
Gray silt till, pebbly

at 60-65 ft 46%:-65
Yellow-brown to light gray

dolomite 65-73

*Locaticn of borings shown a» Fipures $, 10, 18, and 20,

Boring LW 4

Clayey silt cover material

Refusc—some garbage, glass, 1958
and 1964 newspapers

Gravelly sand, silty |

Silty sand, very finc grained; black
staining and odor; bedded at 28-
29 ft.; medium 1o very coarse
grained at 30-36 ft.

Gruy, silty clay till

Sandy silt tilt

Gray silt till, pebbly (poor samples
at 50-80 t.)

Light gray dolomite

Boring LW 5, 10,11, 12,and 13

Clayey silt cover material

Refuse—lcgible papers, wood, cans

Silty sand to sand, fine grained;
bedded at 17%-19 (t.

Brown to gray <ilty clay till

Arbitrary pick for base

Gray, sandy silt till, pebbly

Gray, sandy silt

Sund and gravel, medium to coarse
grained

Gray silt till (poor samples)

Boring LW 6, 14, 15 and 16

Claycey silt cover material

Refuse and gravel—cans, bottles—
little if any odor

Silty sund, fine-grained grading to
medium grained

Black sundy silt

Gray, silty clay till

Silty sand, medium-grained grading
to very fine grained

Gray, silty clay till (no sample)
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Depth (ft)
0 1%

1%-15
15-19

19:36
36-41
41-50

50-88
88-93

03
3-15%

15%-25.9
25.9-33%

33'%-45
45-46%

46%-50%
50v-51%

03
3-12
12-16
16-23.67
23.67-43

43-48%
48'2-49%

PR
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Boring LW 7,8, and 9

Black clay with stones and odd bits
of refuse~cans, plastic, and some
cloth

Dark groy fine sand

Gray silt

Gray silty clay titl

Winnctka landfill
Boring LW |

Black, sandy, clayey silt cover
material .

Cindess

Refuse~paper, plastic, wood

Probably silt (poor samples)

Gray, claycy silt till

Silty sand (no samples)

Gray, sandy, clayey silt till; thin
sand, some gravel at 48-48% f1.,
58-64'4 ft., 83%:-88 1t., 94-96 f.,
101-103 f.

White to light gray dolomite
bedrock; crevived (lost
circulation)

Boring LW 2

Cinder fill

Black organic clay, soil

Brown sandy silt

Gray, clayey silt till

Black shale, pebble gravel

Gray, sandy, clayey silt till, pebbly:
thin sand stringers at 66%4-68% ft.
and 85%-86 rt.

White to light gray dolomite
bedrock; some till fragr

Boring LW 3

Fill material (not refuse)
Brown, clayey, sundy silt

Depth (ft)

016
16-21
21225

22.5.28

(]

214
14-20
2038
3840 -

40-118

118-124

02

23

3-8%
8%-31
31-32

32-108
$08-125

0-4%
4%-8%

Carma
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Depth (ft)

Gray clay 8411
Shale sand and gravel 1113
Gray, clayey silt till 13-28
Gray, sandy, clayvy silt till, often

gravelly; sund stringers at 62-

62 ft., 78 ft., 82 ft., 92%-

93 ft. 28-112%
White to light gray dolomite

bedrock 112%-118
Boring LW 4

_ Fill (not refuse) 03

Black sandy silt 34
Brown to gray silty clay 413%
Black shale sant! 13%-14
Gray, clayey sult till 14-32
Shale sand, medium grained 3233
Gray, sandy, clayey silt till;

gravelly till at 35%-36 t.;

shale sand at $1-52 ft.; sand at

64-65 ft.; very gravelly till at

95-110 ft. . 33-1i0
White to light gray dolomite

bedrock; some till graginents

(probably cave) 110-121
Boring LW §
Gray to black silty sand clay cover 03
Refuse—glass, fiber. mostly

unrecognizable black material 3-11%
Probably silty alluvium (poor

samples) 11%-13%
Gray, clayey silt till: more stones

ncur base; | in. sand at 33 ft.,

33% ft. 13%-36
Boring LW 6
Black, clayey silt soil O-Ha
Gray, sandy silt 14-5%
Gray, clayey silt till; borwn to

brown-gray at §43-8% ft.: sandy

till at 14%-10 ft. $%-52%



s

Gray, s;ndy. clayey silt till; very
sandy at 52%-54 ft,
Gray, fine to medium-grained tand

Boring LW 7

Black, sandy silt soit
Brown silt with sand stringers
Gray, clayvey silt
Gray, clayey silt till
ray, sandy, clayey silt till
lack shale sand
Gray, sandy, clayey silt till; silty
sand at 91'4-94 {1,

Boring LW 8

Black, sandy silt soil

Yellow-brown clayey silt, sandy at
5%-6% ft.; possible sand at 12-13
ft.

Gray, clayey silt till

Black shale sand

Gray, sandy, clayey silt till; black
shale sand at 42%-43 ft., 60%-
63 ft.

Bosing LW 9 (no samples)

Soil and clay cover

Refusc—only a few cans were
distinguishable

Gray, clayey, silt till (?); possible
finc sand at 22 ft.

Drilling break, possible silt

Gray, clayey till, soft:r

Possible shale sand

Harder till

Gray silt to fine sand

Gray fine sand

Boring LW 10, 11,12, and 13
Sandy loam cover material

Refuse - glass, pzper soil, black dirt
and muck below 6.5 ft.

L U PP

Depth (ft)

52%-57
57-58%

0-3%
3%-§
S-11
11:33
3341%
41%43%

43%-95

0-2%

%413
13-26
26-27

27-70

0-1%
1%-124

12%-42%

42%-43%
43%47
. 4748

48-A3%
63%-69
69-73
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Gray, fine — t0 medium-grrined
sand and silt and brown silty
clay alluvium

Gray and brown silts and silty
clay, transition zone

Gray clayey silt till

Boring LW 14, 15, 16,and 17

Clay loam, cover material

Refuse—paper, bricks, bottle-caps.
Not badly decomposed

Brown and gray sand, silt, and silty
clay alluvium

Gray, fine sand, silt, and silty clay.
Transition zone

Gray clayey silt tilt

Elgin 'andfill
Boring LW 1

Black, sandy silt soil; sand and
gravel fill

Sand and gravel

Light pink, sandy silt till

Peat or soil horizon

Browngray, sandy silt till

Sand and gravel

Gray, sandy, silty il

Silty sand; white clay

Light gray dolomite bedrock

Boring LW 2

Clayey, silty sand cover material
Refuse~glass, cinders -
Sand and gravel

Pink, sandy silt till

Yellow, light pink, sandy silt till
Brown-gray, sandy silt till

Gravel

Yellow-brown, sandy silt till

Yellow-brown to light gray dolomite

bedrock

123

Depth (1)

11.5-14.8

14.5-20
20-35

0-2
2-13.75
13.75-11.8

17.5:23
23.34

0-T4
%11
11-16
16-16%
16%-24%
24%-26%
26%-30
30-32
3246

02
27
7-10
10-20
20-27
27-44%
441448
48-55%

53%-03
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. Depth
Boring LW 3 pih ()
Brown, silty clay topsoil 03
Sand and gravel 311
Pink, sandy, siity till 11-13
Brown-gray, sandy, silty till: some

yellow-pink thin gravel scams at .

16-18 f1.; wood at 28%4 ft. 13-32%
Sand and pea gravel, very coarse

grained 32%49
Yellow-brown to light gray

dolomite bedrock 49-58
Boring LW 4
Brown to black, sandy siit cover

material 02
Refuse—wood. glass, metal 2-14
Sand and pea gravel 14.23
Light pink, sandy silt till 23-30
Brown-gray, sandy silt till 30-34%
Sand and pea gravel 34%-37%
White clay and weathered .

dolomite 37%-39
Yellow-brown to light gray '

dolomite bedrock 39-52
Boring LW §
Brown to black sandy silt cover

intermixed with refuse—cinders,

ash, paper board 0-11%
Sand and gravel (no sample) 11%-16%
Pirk, sandy silt ti} 16%-18
Brown-gray. sandy silt till 18-21
Silty sand, fine grained 21-21%
Brown-gray, sandy silt till 21%-28%
Noring LW 6
Logged cover, refuse-paper, wood,

glass, ashes (no samples or poor

recovery) . 0-14
Sand and gravel becoming silty

with depth 14-22
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Depth (1)

Light pink, sandy silt till 2227
Brown-gray, sandy silt till 27-34%
Sand and pea gravel 34%-38
Brown-gray, sandy silt titl; wood

fragments 35-36%
Sandy silt, silty sand and gravel 36%-39%
White clay, weathered dolomite

fragments 39%4)
Refuse; probably bedrock 41
Boring LW 7
Cover, refusc—cinders, ash, glass 015
Silty sand, minor gravel 15-25%
Light pink, sandy sitt till 25%-28
Gray to balck silty sand 28-29
Brown-gray, sandy, silty till 29-32
Silty sand, very fine to fine grained 32324
Brown-gray, sandy siit till 32%-33
Boring LW 8
Gravel and sand, fine grained; very

coarse sand at base . 0l9%
Pink, sandy silt till 19%-20
Light gray, sandy silt 20-2%
Brown-gray, sandy silt till 21-31
Sand, coarse to very coarse grained 31-35%
Brown-gray, sandy silt till; white

silty clay and dolomite fragments 35%-36%
Boring LW 9
Black, sandy topsoil 02 .
Sand and gravel, poorly sorted 2-20
Brown-gray, sandy silt till 20-28
Gravel and sand, fine grained 25-30%
Dotomite bedrock 30%-31%
Boring LW 10
Cover, medium -- to coarse-grained

sand and gravel 03
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Depth (ft)

Refuse - cinders, ums. wire glass and .

gravel 3-16
Brown medium-grained sand and

gravel 16-22
Boring LW 11
Cover, mainly fine ~ to coarses

grained sand 02
Refuse-wood, cloth, cans and

paper-not badly decompoxd 28
Gravel, coarse 8-10
Sand, no recovery 10-15.5

Boring LW 1

Refuse—-cinders, glass, metal

(poor sumples) 0-19%
Gray silt (poor samples) 19%-24%
Sand and gravel, very voarse

grained 24%42%
Brown-gruy, silty clay till 42%%-50
Pink, sandy sift till; pebbly at

67-71 ft.; wood fragments at

105-110 fr.—possibly cave: silty

sand, possible stringers 2t 110-

1S ft, §0-123
Gravel; some very coarsc-grained

sand §23-132
Pink, sandy silt till; pebbly at 145- "

150 ft., 155-160 1. 132-160
Brown, pebbly, sandy silt, .

probably till; wood fragments 160-167
Black, sifty clay, probably soil 167-170
Brown-gray, sandy silt till 170-180%
Fine sand (no samples) 180%-187%
Brown-gray, sandy silt til} 187%-203
Sand, medium to coarse grained 203-207
Brown-gray, sandy silt till 207-213
Sand and gravel: some till—

probably cave 213-22§
Boring LW 2
Black, silty clay soil 0-1%

135

e me—————— A

b &

HOOTGLOBOZ?S

Gravel, sandy

Gray, silty clay tilt

Pink, sandy silt till; stringer of
sand and gravel at SO-52 ft.,
§8-57 1., 66-69 ft., 76-78 f1.

Sand and gravel

Boring L\ 3

Black, silty clay soil

Brown, sandy clay

Sand and gravel, sandicr at basc

Gray, silty clay till

Pink, sandy silt till: medium-
grained sand at $3%-54 ft.; sand
and gravel at 57-64 (t.; brown
clay (not till) at 64-67 ft.; sand
and gravel at 67-70 ft.; very
little sand in tilf at 70-80 ft.

Gray, sandy silt till: some pink

Pink. sandy silt till

Brown-gray, sandy silt till

Brown-gray, sandy silt till, pebbly:
possibly a very silty sand and
gravel (E-log would indicate
former)

Black, silty clay soil .

Brown-gray, sandy silt till

Sand and gravel

Brown-gray, sandy silt till

Sand and gravel

Boring LW 4

Black, silty clay soil

Brown, sandy clay, gravelly

Sand and gravel

Pink-brown. sandy silt till,
gravelly: mostly gravel at
10-20 ft.—probably icc-contact

Gray sand and gravel, very coarse
grained

Brown-gray, sandy silt till, gravelly

Gray, silty clay tilt

Gravel

Pink-geay. sandy sift till, gravelly:
till in chunks

e
Vo

Depth (1)
1%7
7-32

31138
138-155

42%-122
122-130
130-149
149-161

161-165

1654172
172180
180-185
185-157%

187%-195

01
14
47

7-25%
25%-29
2944
44-68

68-72%

TN452%
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. Depth (ft)

Sand and gravel 92%-95%
Pink, sandy, silty till 95%-100
Silty sand, medium gral,:4; some

gravel 1€0-106
Pink, sandy, silty till; sand at

116%-118 ft. 106-121
Boring LW §
Black silt soil . 04
Brown to gray sandy silt, very

finely grained 423
Gray, silty clay till 2344
Sand, fine to coarse grained 4445%
Pinkish gray, sandy silt till 45%-51
Boring LW 6
Cover, refuse—ashes, wood, and

indistinguishable fill 015
Peat and clayey silt, spongy 15-23
Sand und gravel, coarse grained .

grading to fine grained 23-344

Gray, silty clay till
Pinkish gray, sandy silt till; pink
at 36%-374 N,

Boring LW 7

Loam to sandy loam cover
matcrial-contains glass and
cinders

fand and coarse gravel, cinders,
glass, and plastie

Black dirt, wood, wire, cans

Gray organic silt

Boring LW 8

Cover material-sandy joam
Refuse-paper, glass, etc

not badly decomposed
Drilled like gravel-no returns

WOOTGLOOR226
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Depth (f1)
34%3%

37%-58

24
4127
12216

02

13
13-18
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_ APPENDIX C
METHODS USED FOR WATER QUALITY ANALYSES

THE ILLINOIS DEPARTMENT
OF PUBLIC HEALTH

This section, by the {linois Department of
Public Health, lists the procedures used for the
various analyses they performed and the pre-
cision of these methods, Where these procednres

" differ from the procedure described in Standard

Organk Acids
{Colorimetric Method)

1 .

+ Note: This colorimetric procedure is more .
recise and accurate than the okl distillation
procedure and about equsl to the column

" Methods for the Examinasion of Water and
Waste Water (Amesican Public Health Associ-
ation et al.. 1965), they are described separately.
Table 6 presents the results of these analyses.

than 30 minutes and is particularly advantageous
where more than one digester is to be analyzed
since several tests can be run simultaneously
almost as e:sil): as one test,

hic method. The test requires less

Determination Procedure Precision

Specific conductance f;andard Methods 12th 1 5%

pH Standard Methods 12th £ 0.1 pH unit
o .

Chemical oxygen demand Standard Mothuds 12th Standard deviation
od, with glucost is £ 8.2%

of moan

Organic acids Colorimatric + 2%
Description follows

Hardness EDTA Titrimetric fMethod £3%

tandard Methads
. 12th ed,

Sulfate Turbidimetric Method £ 6%
Description follows

Sodium Estimation
Dascription follows

Chlaride Mercuric Nitrate Method £ 14%
Description follows

tron Phenanthroline Method 3%
Standard Methods 12th
[ X

Manganess Persulfate Metnod +3%
Standard Methods 12th
od.

titrata Fhenoldisulfonic Acid t2%

lAethad. Standard
Msthads 12th ed.
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Principle

This procedure conven.s the organic acids

(called volatile acids-in the past because they

were vaporized and scparated by distillstion) to
colored materials that are measured by light
absorption in a suilable instrument (coloris
meter),

Sample

A very small portion (0.5 ml) is used for the
test; therefore, a 6-0z water bottle is sufficient
for organic acids and rclated tests,

Equipment

(1) Colorimeter. The Bausch and Lomb Spec-
tronic 20 with 3/4-inch-diameter test tubes
is an excellent instrument for this test
because the entice test can be run and
measured in the test tube without a transfer.

(2) Boiling water bath or a kettle of boiling
water on an electric hot plate or Bunsen
bumer.

(3) Test tube rack to hold 3/4-inch test tubes.

Reagents

The following rezgents are necessary, either to
make reagent solutions or to use directly as
purchased.

(1) Sulfuric acid, H2804. concentrated, reagent
grade.

(2) Ethylene glycol, reagent grade.

(3) Sodium hydroxide, Na OH, pellets, reagent
grade.

(4) Hydroxylamine hydrochloride, reagent
grade,

(5) Ferric chloride, FeCL3
reagent grade.

6H20, tump,

Solutions

(1) Sulfuric acid, diluted. Mix equa! volumes of
rcagent grade, concentrated sulfuric acid and
distilled water. CAUTION: Always add acid
to water—never water to acid.

oy, IR WL
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(2) Ethylene glycol, ragent grade. Use as pur-
chased.

(3) Sodium hydroxide 4.SN. Dissolve 90 g of
sodium hydroxide pellets in distilled water
and dilute up to SO0 ml.

(4) Hydroxylamine solution, 10 percent, Dis-
solve 10 g of hydroxylumine hydrochloride
in distilled water und make up to 100 mi.

(5) Ferric chloride reagent. Dissolve 20 g of
ferric chloride hexabydrate (FeCly. 6H20)
in distilled water, add 20 mi of concentrated
sulfuric acid, and ditute 1o { liter.

Procedure

(1) Clarify a few milliliters of sample by
filtration or centrifugation or both (It is
desirable to have a relatively clear sumple
since turbidity will interfere with light
transmission..)

(2) Provide test tubes in a rack-one for a blank
and one for cach sample.

(3) Pipet carefully and exactly 0.5 ml of
distilled water into the blank tube and 0.5
ml sample into cach sample tube. If the
organic acids are more than 2,000 mg/liter.
an aliquot diluted to 0.5 ml is usced.

(4) Add 1.5 ml ethylene glycol to cach tube.

(5) Add 0.2 ml of the diluted sulfuric acid
(1-1) to cach tube. Mix well by swirling
tube.

(6) Heat in a boiling water .ba(h exactly 3 -

minutes, .

(7 Cool immediately in cold water.

(8) Add 0.5 ml hydorxylaminc solution.

{9) Add 2.0 ml of 4.5 N sodium hydroxide.
Mix well by swirling tube.

(10) Add 10.0 ml ferric chloride solution.

(11) Add 5.0 ml distilled water.

(12) Stopper and invert lo mix.

(13) Let stand S minutes, unstoppered, for color
development.

(14) Read at 500 millimicrons after § minutes
standing but within | hour.

(15) Calculate mg organic acids per liter from
calibration.

Note: A calibration curve car be made by
using a 2,000 mg/liter standnd acetic acid
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solution. A weries of 6 tubes are used containing
0.0,0.1,0.2,0.3, 0.4, and 0.5 m} standard acetic
acid mude up to 0.5-ml volume with distilled
water where necessary. This ste-bystep pro-
cedure is followed and percent transmission
readings are plotted on semilog graph paper.

Reporting
Report as mg organic acids per liter,

Comment

This method is suitable for the deter
of organic acids in sewage treatment plant
digesters and in raw sludge. It is particularly
advantageous where scveral tests can be run
simultancously.

REFERENCES

Montgomery, H. A.C., J. F. Dymock :u\dN
S. Thom. The rapid <olorimetric determi
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Al distilled water should be sulfate free.

(1 Hydrochloric acid--sodium chloride
seagent: Dissolve 240 g NuaC'l in about 200
ml of distilled water. Add 20 ml of
concentrated HCI and dilute to 1,000 ml
with distilled water,

(2) Blank reagent: Dissolve 2.5 g acacia (gum
arubic USP grude) in 250 mi of hot distilled
water, adding the acacia in small ynounts,
and mixing well until dissolved. Cool to
.room temperature. Add 250 mi of
propylence glycol. Add 0.5 g of Hyamine
1622 (Rohm & Haas quaternary ame

monium germicide) and mix weil until dissolved.

Filter through a fine paper (Whatman 40). This

is accomplished most casily with suction and

Buchner funnel.

(3) Barium reagent: Dissolve 2.5 g ¢ acacn in
200 ml of hot distilled water as for blunk

of organic acids and their saits in sewagesludge
tiquor. Analyst, p.949-955, Dec. 1962,

Mueiler, H. F., T. E. Larson, and M, Ferretti.
Chromatographic separation and identification
of organic acids. Analytical Chemistry,
32:687-690, May 1960.

Sezdlacek, M. The colorimetric determination
of fatty acids in sludge and sludge waters.
Chemical Abstracts, 62:8822, 1965.

SULFATE

Principle
Sulfute jon is precipi { in a hydrochloric
acid medium with barium chloride in such a
manner as to form barium sulfate crystals of
uniform size. The absorbance of the barium
sulfate is d by a photometer and the

sulfate ion concentration and is determined by
comparison of the reading with a standard curve.

Sample

At lcast 100 milliliters is required.

gent above. Dissolve 10 g of BzCl2in 50
mi of hot distilled water and add to acacia
solution. Cool to room tenyjeriture, Add
250 mi of propylene glycol. Add 0.5 g of
Hyamine 1622, and mix to dissolve. Filter
as for blank reagent.

Preparation of Stzadard Curve

(1) Prepare a standard sulfate solution, 1.00 -

mi*0.10 mg SO4, by diluting 10.4 m! of

the standard 0.020 NH24 soluion speified

in alkalinity to 100 m! with distitled watss.

(2) Prepare a suitable series of dards from
0 to 100 mg/liter in 10 mg/liter increments
by diluting 0, 2.5, 5.0, 7.5, 10.0 ml. etc’, to
25.0 m! with distilled water. The standard
curve docs not follow Beer's law.

Significance

Sulfate is relatively sbundant in hard waters.

Concentrations larger than 300 mg/liter often -

produce a laxative offect in human beings and
some animals, The 1962 U. S. Public llcalth
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Service Drinking Water Standards specified 250
mg sulfate per liter as the maximum desirable
tirait,

REFERENCES

Sheen, R. T., H. L. Kahler, and E. M. Ross,
Turbidimetric determination of sulfate in water.
Industrial Engineering Chemistry Analytic
Edition, 7: 262, 1935.

Standard methods for the examination of
water and waste water. 11th ed., 1960, p. 237.

Reisch, R. F. Modification of the Sheen-
Kahler and Ross dure for turbidimetric

1

determination of sulfate. Unpublished, 1960.
SODIUM

(Estimation in Water)

Principle
The sodium content of water can be approxi-
mated from the mineral content and the hard-
ness.
) Sample
At least 100 milliliters is required.
Equipment
None
Procedure
(1) Dctermine total mineral content.

(2) Determine total hardness.
(3) Estimate the sodium content as follows:

(Total mineral x £.02 total hardness x 0.02) x .

23 = Sodium (Na) mr mg/liter
Reporting

Report as mg Na per liter.

R
.
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Significance

Sodium content in water is important to the
medical profession in some cases of heart disease
and hypertension.,

REFERENCE

Standard mecthods for the examination of
water and waste water: 11thed., 1960, p. 231,

DETERMINATION OF CHLORIDE
Modified Mersuric Nitrate Method

Reagents

(1) Standard di chloride soluti
0.014N: Dissolve 8.243 g NaCl, dried by fusing
at 900" C for % hour, in S00 m! distilled water.
Dilute 50.0 mi to 1,000 ml. Each ml of this
solution contains 0.500 mg C1.

(2) Mercuric nitrute solution, 0.0141IN: Dis-
solve 2.42 g Hg (NO3)2 H20 in 20 ml distilled
water to which 0.25 ml concentrated HNO3 hat
been added and dilute to 1 fiter. Determine the
exact normality of this solution by staadardi-
2ation ag 10.C nil standard sodium chlcride
solution diluted to 100 ml.

(3) Diphenylcarbazonc-bromphenol  blue
mixed indicator solution: Dissolve 0.5 g
diphenylcarbazone and 0.05 g bromphenol blue
in 109 ml 95 percent ethyl alcohol. Store in a
brown buttle,

(4) Nitric acid solution, 0.2N: Dilute 12.9 m!

concentrated nitric acid to 1 liter.

Procedure

Add 5 drops of the mixed indicator solution
to the sample and then add 0.2N nitric acid
dropwisc until the color becomes a definite
yellow (about pH 3.6). Add S drops more 0.2N
nitric acid. Titrate with mercuric nitrate solution
to the first permanent tinge of violet. A few
drops before the endpoint is reached, the color
becomes orznge, and then the remainder of the
titration should proceed slowly and with
vigorous stirring.



Calculation

ppm Cle ! HR(NO3)s~blankxNx35.46x 1,000
Tl sample

REFERENCE

DOMASK, W. C., and K. A. KOBE, Mercuri-
metric dctermination of chlorides and watcr-
soluble chiorohydrins. Analytical Chemistry 24:
989, 1952,

ALL'ED LABORATORIES

The mathods to be described are those used
by Allied Laboratories, Chicago, lllinois, to
obtain the rcsults shown on table 7. The samples
ywere taken to the laboratory the day they were
collected. Analytical methods used are from
Standard Methods for the Examination of Water
and Waste Water (American Public Health Assoc-
iation et al., 1965) and are listed here, with
appropriate page references tc that book:

pH Glass electrode method (Beckman pH
meter)-p. 226
lron—tripyridine method -p. 159

_ Bicarbonate (“M™ alkalinity)-titration with
methyl orange -p. 4§
Chloride —argentometric method -p. 88

e : e T
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€1, - :Lﬁjl HC th, )_p- 29'
Calcium- EDTA titration -p. 74
Magnesium (by diff: between C3 and

total hardness)

Total hardness—EDTA titration -p. 147
Sodium and potassium (by difference be-
tween total hardness and total anions)

Total Kjeldahl nitrogen -p. 404

Total nigrate-nitrite nitrogen—phenol-
dinsulfenic acid -p. 195

TENCO HYDRO/AEROSCIENCES, INC,

The following revicew of methods used and
problems encountered in the analyses of
leachat, ples was prepared by Alfred M.
Tenny of Tenco Hydro/Aeroscicnces, Inc.,
Chicago, Minois. This discussion refers to
analyses presented on table 9.

1 Meta! Analyses

11  General Condition

All metals were measured with a Jarrell-Ash
maxi versatility ic absorption spe:
photomster. The gas mixturee and wave leagths
are listed undzr anatytical conditions. A laminar
flow burncr was used in all cases, and at least
five standards were measured (0 prepare a2
waitbration curve. Internul standards were not
used in most analyses. .

ANALYTIC CONDITIONS
Gas mixture
Wave length oxidant® Fuel Remarks

Aluminum 3092-A N,0 CoHy

Arsenic . 1937-A Ar Hy

Barium 5535-A N2O CyH,

Beryllium 2349-A N:O CoH3

Cadmium 2288-A Air CyHy

Calcium 4227-A Air CaHy Added
) lanthanum

carrier

Chromium 3579-A Air Cyliy

Copper 3247-A Air CaHa

lron 2483-A Air Caty

Lead 2170-A Air CaHa

13




ANALYTIC CONDITIONS
2852-A Air

Magn.sium 852 Cally
Manganuese 2795-A - Air CaHy
Potassium T665-A Air CaHy
Selenium 1961-A Ar Hs

Silver 3281-A Air CaHa
Sodium $890-A Air C3H3
Zinc 2139-A Air CyHy

Chemical symbols

N,0 = nitrous oxide
CyHa = acctylene

Hy = hydrogen

Ar = argon

A = angstrom units

*QOxidant or inert gas used to aspirate sample,

Sampls preparations

All samples except where noted were treated
with dilute nitric acid (1% v/v of the con-
centrated acid) and digested for % hour. The
samples were filtered and retuined to original
volume.

In the case of calcium and magnesium, both
the total and soluble contents were determined.
The soluble metals were measured on the filtrate’
of laboratory-filtered samples with medium-
porosity filter paper. Arscnic and selenium
samples were prepared with HCI, since HNO3
appears to interfere with the atomic absorption
procedures witen the argon-hydrogen flame is
used.

Special problems

For most 7 d few probl were

‘encountered. An abnormal zinc result was found

in one sample (DUP LW 6B). The sume sample

was rechecked on two separate occasions and .

continued to give a high result. A rechedk by the
State Geolagical Survey gave a low result on
new sample {rom the sume well but a high

13
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abnormal result from the next sample in analytic
series (DUP LW 11A). Rechecks by the State
Geological Survey on a series of samples gave
fower results for both lcad and zinc. The State
Geological Sufvey analyzed for soluble
materials, wkile Tenco Hydro/Aerosciences
checked for total materials present (acid leach-
able).

Problems were also noted in the arsenic
analysis, which gave several high readings. These
samples were all rechecked with  internal
standards to compensate for interferences, but
results still indicate the presence of arsenic. No
reasonable explanation can be given either for
the presence of arsenic or for the cause of the
anomalous instrument seadings,

The presence of barium is also very difficult
to explain from a geologicul viewpoint, but the
atomic absorption mcthod of analysis gave
definite readings. .

Discussion on methods selected

In several samples a precipitate of hydrated
iron had formed by the time samples were
received in laboratory. Since iron hydroxide
tends o scavenge most trace fons in solution,



.any method of (cstinj-solublc metals could not

provide meaningful data. [t was assumed that
the source of metals was the leachate and not
the clay till. Later analysis of the till in
i areas indicated a farger than
expected concentration of several metals,

It appears that g dynamic systemn to (ilter
samples in the ficld, before exposure to the
atmosphere or air, may be a better method of
sample collection. The § of fine suspend
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vsed as given in “Standard Methods.” Samples
were distilled before analysis.

Bod-Cod

The ratio of COD divided by BOD is usually &
number greater thanj, frequently quite large.
There werc eight cases in which the COD-to-
BOD ratio was reversed. [t has been noted on

ed material in leachate samplcs received to date
has prevented filtration of large volumes without
changing filtering medium frequently,

Boron
Procedure

Boron was meusured b'y the carmine colori-
metric method given in Stundurd Methods for
the Examination of Water and Waste Water,
1965 Edition. No interfercnces are listed that
should affect results, except the use of boro-
silicate glass. The analyst used borosilicate glass
to concentrate samples, Although this procedure
is not recommended, many laboratories use it
since the cost of largesize platinum vessels is
prohibitive, The sensitivity of the carmine
colorimetric method requires the use of about a
liter sample for boron concentration of less
thany ppm.

Hardness

Hardness was titrated by a standard procedure
ard Mothods)

for well and boiler walers (S )

other that this phenomenon occurs
when a volatile organic is present. The organic
could volatilize and b2 lost Lefore being
oxidized in the COD test. The same material, if
biodegradable, would be detected in th¢ BOD
test.

While the possibility of an air leak or bubble
entrapment exists, this tends to give low, rather
than high, BOD results. The BOD test was rua
according to “Standard Methods™ with modifi-
cations adopted by the Chiczgo Program Office
of the Federal Water Pollution Control Associ-
ation and Metropolitan Sanitary District of
Greater Chicago. Filtered raw sewage Is used to
seed the dilution water. Both ssed and dilution
water controls are included in the procedure. All
dilution water is aged at 20" C for at least 5 days
before being used in the test.

COD s zlso tested according to *‘Standard
Methods.” .

AgaSO4 is added to prevent problems from
the ckloride ions present and to serve as an:
oxidation catalyst,

Alkalinity

Alkalinity can be measured b, several

The caleulated values did not compare with the
titrated values, The analysts complained of
trouble with ¢nd point in titration. A number of
possible interferences exist in the titration
method, and the calculated value is prcferred m

Py

methods. The original results were determined
by the potentiometric method on page 368 of
Standard Methods, This was selected because of
turbidity in' samples and possible unknown
interf From a i review, the

tric p! di appears to be the

all situations. Interferences i P
and cullodial orgunic matter.

Cyanide

The only two resulls reported were at about
the limit of accuracy of the test. A colorimetric

method with pyridine-pyralzolone reagent was

most reliable. The direct titration method using
sulluric acid as titrant and cither methyl orange
of mixed bromcresol green-methyl red as ine
dicator was employed by the State C:clugical
Survey. Results showed consider :Lie differences.
A third method using a hot alkali titration and
back titration of the hot solution with acid is

133
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glven on page 438 of Standurd Methods.
The alkalinity of many leachat !
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organic and mincral acids, ionic strength, and

varied with the method used, even within (hc
same laboratory. It is felt that alkalinity cannot
be used to deterinine corbonate concentration
without measurement of other parameters.

P .

Other Tests

Al procedures according to 12th Edition,

These can include but are not limited to pH,  Standurd Mcthods,  except where noted.
Parameter Sample treatment Procedure Problems
Chloride Filtered Argentometric None
Sulfate Filtered Turbidimetric None
Surfactants (MBAS) Filtered Methylene blue Foaming
Hexane solubles None FWPA method Nore

Antimony tartrate

Ascorbic acid
Fluoride Filtered SPADNS Numerous

interference

Dissolved solids Filtered Dricd at 105°C None
Nitrate Filtered Phenoldisulfonic None

acid
Total nitrogen None Kjeldah! digestion Occasional

. foaming
Pesticides Analyses An electron-capture detector on a gas chro-

Since the number of pesticides presently
being used is very extensive, it was y to
limit testing to a few of those more I

matograph was used for actual determination.
By use of standards a dctection limit of at least
0.1 nanogram per microliter was verified for all

used and of a residual nature. Because of the
necessity of having a long residence time before

degradation, chlorinated pesticides were °

sclected. Final sulection was also guided by the
availability of standards.,

Semples were checked for the following
pesticides: Lindane, Heptachlor, Heptachlor
Eposide, Aldrin, DDE, Ortho, Para DDT, Para,
Para-DDT, Dieldrin, and Endrin.

One-liter samples were extracted as per pro-
cedures of the FWPCA (FWQA), The sample size

ninse pesticides tested.

Theextractof leachate, after being concentrated
to 2 milliliters, was injected in 20 lamda
(microliter) aliquots. This gives an effective
detection limit of approximately § micrograms
per liter. Owing to the large number of steps in
the preparation, concentration, and redilution of
the samples, 2 targe inherent error exists, which
was not cvaluated,

Pcaks were noted in the Bl.lckwcll sample, but
they did not correspond to ;m\' of the reference
standards. Whether these are other pesticides or
decomposition products cannot be specualted

was limited, owing to t of leach
available,

with limited information availuble, Extraneous
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peaks were also noted In several other samples
but were of lesser intensity.

‘It is suggested that it the presence of pes-
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ticides in loachate Is
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.
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Y

ted, larger

samples be used in the stuziy to increase chances ¢ '

of positive resuits,
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J | APPENDIX D
- FLUOROMETRIC PROCEDURE FOR DETECTING
I 'LEACHATE IN GLACIAL MATERIALS

.. 1. Edgar Odom
Northern Winois University
A DeRalb, Hinois
)
- Procedure, 25 grams of fresh material
- (sample) is dissaggeawd in 25 mi of distilled

H20 for about 15 minutes. The suspension is
then transfersed to a 50-ml centrifuge tibe and
- the flask is cleaned by washing with an ad-

PG ditional 20 ml of H20. This liquid is also added
- to the centrifuge tube (totat 45 mi),
" The suspension is then centrifuged for 25
X . ; minutes at 2,50C rpm. The supernate liquid is
NG then transferred into a luorometer curctte and
§ b .
: is eoad

the flue Jiately (SM reud-
ing). A second reading is taken after sufficient
RS HCl has been added to obtain a § percent
solution (SM and HCIl reading).

Fluorescence Background. The fluorescence
characteristics of several glacial tills known not
to be contaminated by landfill keachate were
studied to ascertain fluorescence background
charucteristics. SM readings averaged 43 (0=7),
whereas SM-HCI readings averaged 26 (o=S5).

SRS DU P Sy

LU ISP VY SR 5. SO

Summary of Results. Two cores from two
different fandfifls were studied. These cores were
sealed in polyethylene from the time they were
collected until they were opened in the labor-
atory for sampling. The cores were sampled at
closcly spuced intervals. Two samples from cach
sampling position were processed  simul-
taneously. The fluorescence values shown on the
accompunying diagram (fig. 30) reprusent the
\ average {‘ecordcd for these two samples.

——A

Sy ?/, ;
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It was found that Jeachate and carbouate are

[T

the principal materials in tills that produce
fluorescence ahove background, Treatimwent with
HC1 climinates the flu sed by the
carbonate but docs not climinate the Muor-
escence due to leachate. It is assumed that the
high Muorescence of the leachate is produced by
organic acids in solution,

Fluorescence values out of hurmony with
adjacent  samples  were  obtained  in sandy
matcrials (sce Dufage 23.25 feet and Winnetka
13.8, 14.2, and 15.6 feet), This relation might
be caused by the fact that the leachate has been
flushed by ground water movement or that the
sandy sediments contain little miincral matter
such as cluy mimesats that absorbs crganic acids.

Cuore LW 14 DuPuge Landfill, * Fluorescence
producing organic acids appears to have per-
meated to 23.5 fect.

The fow fluorescence value at 23,2 Feet is
related to the sandy nature of the matvrial,

The reading slightly higher than normal back.
ground at 29 feet is due to contamination of the
matcrial during sampling. o ’

Core LW 14 Winnetka Landfill} Ciganic
acids in the leachate have penetrated to a depth
of 16.5 fcet. the low fluorescence value at 15.5
feet is due to the sandy nature of the materiafs
as are those at 13.8 and 14.1 fect.

The high fluorescence value at 19,5 feet does
not appear to be due to contamination that is
visible although this is probably the best ex-
planation.

*Below landfill 16 years old at time of sampling. Top of till at 23.67 ft.
1Below landfill 1.5 ycars 0'd at time of sampling. Base of rcfuse at 13.75 fect. Top of till at 23 feet,

feu e / ;
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APPENDIX E
HYDROGRAPHS

STABILIZATION AND INSTRUMENTATION

Hydrographs obtained from float-operated
recorders studied in conjunction with micro-
barographs and precipitation records provide the
best information for analysis of the mechanics
of the flow system. The factoss influencing these
hydrographs must be understood before such an
analysis can be made,

" The watér level in a piezometer finished in &
permeuble zone resp quickly to ch in
Qluid pressure in the ground. Piezometers (inish-
ed in material of fow permeability respond more
slowly because it is necessary to move a volume
of water into or out of the piezometer to change
the water level in the piczometer standpipe. This

he standpipe of most of the piczometers with
slow response time was reduced as described in
Appendix A.

After each piezometer had been stabilized,
routine measurements were made at monthly
intervals to determine seascnal changes in water
levels. Additional measurements were made at
shorter intervals after rain had (allen or the units
had been pumped and sampled. Rainfall at each
site was also measured during 1966 and most of
1967 with nonrecording gages.

In the early falt of 1967 a recording rain gage
and a recording barometer were installed at the
DuPage County site, in conjunction with three
water level recorders equipped with Keck watez-
Jevel ing devices. The 1ecorders were used to

water must be itted into the pi
at the screencd interval. The larger the diameter
of the piczometer standpipe the larger the
volume of water that must be moved. The lower
the permeability of the materials the slower this
water is able to move. Piezometers with large
stzndpipes in materials of low permeability witl,
therefore, react slowly to changes in fluid
pressure, Thus, a single water level measurement
on a piczometer in clay is not a reliable index of
the fluid pressure at the screen. The time
required for stabilization is known as “time lag.”
[n order tg ensure that the piezometer reading is
reliable, one must either stabilize the pi t

determine the relstive effects of precipitation
and barometric changes on water level and aided
in evzluating the routinc measurements. Two of
the water level recorders and sensing devices were
stolen in November, and this operation was
abandoned for the winter. :

In the fall of 1968 two float-actusted re-
corders were installed at the Old DuPage
County, the Winnetka, and the Woodstock
landfills, while one recorder equipped with a
Keck device was installed at the Elgin landfill

Tk
H

o

e

and at Blackwell. Recording rain gages and ~

by adding or removing small amounts of water
or clse wait until the hydrograph indicates
stability by reversal of a rising or declining
trend.

In this study, after each piczometer had been
pumped and developed, water level measure-
ments were taken to determine whether it had
been stabilized and to determine its sensitivity,
Measurements for this purpose were carried out
at weekly or shorter intervals, depending on
rainfall and other factors, until sufficient data
had been gathered. When the piezometer's re-
spons¢ time was very slow, water was added or
removed to stabilize the unit. The diameter of
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were installed 2t all sites except the
Blackwell Forest Preserve.

Water level data ob d in this investig:
have been plotted on hydrographs, which are
filed at the Naperville office of the lllinois State
Geologicat Survey.

RESPONSE TO RECHARGE

Hydrographs reveal long-term trends in water
levels within the saturated zone, which are
related to recharge and drainage of the ground
water sysiem. During the spring months, soil
moisture is at field capacity, the maximum
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amount of water that the scil can retain against
gravity drainage. Under these circumstances any
infiltration will 1esult in downward movement
and recharge to the ground water reservoir.
During the growing scason, beginning early in
April, watcr demands bty the plants reduce the
soil maisture content to below field capacity by
evapotranspiration, cfeating a soil moisture de-
ficiency. Recharge cannot occur unless
infiltration is sufficicnt to overcome this soil
moisture Jdeficiency, allowing drainage of the
excess soil water (during the summer this re-
quires heavy, sustained rains).

In long intervals between recharge events the
hydrographs show a gradual decline, indicating

. slow drainage of the ground water reservoir. The

rise in the water table followed by a longslow
decline is a of the of recharge.

Infiltration through refuse (ollows the same
pattern as through earth materials except that
(1) refuse may reach the landfill with a2 moisture
content far below field capacity, and consider-
able quantities of water may have to be added

efore normal infiltration can proceed; and (2)
there is cvidence of recharges through channels
fn the refuse occurring before the moisture
content of the refuse reaches field capacity.
Remson et al. {1968, p. 312) calculated that in
Pennsylvania approximately 2.98 inches of rain
would be required to bring 1 foot of refuse to
field capacity. If moisturc does move in refuse
through channels, this figure cannot be used to
estimate when infiltration will first penetrate a
fandfill to produce leachate.

OTHER FLUCTUATIONS

Wells that respund to changes in barometric
pressure indicate confined (artesian) conditions.
The ratio of water level to barometric change is
ihe barometric efficiency. This condition is
usually attributed to the presence of a confining
aquiclude or refatively impermeable stratum that
bears some portion of ihe changing load owing

139

HOOTGL20239

to 2ir pressure. Thus, & well in an aquifer with a
free water surface should have a barometric
efficiency of zero. Most of the continuous
hydrographs obtained in this study Indicate 8
significant harometric cfficiency even where
there is no apparcnt confining stratum. Under
these ci ances the app conflinement
must be attributed to a flow system in which
artesian conditions exist without the require-
ment of the confining stratum. The barometric
efficicncy did not remain constant in every well
but appeared to be affected by frozen ground
surface. flooding, and changes in tPe moisture
content of the soil.

In many instances the hydrograph shows &
rapid rise after a rain begins and a decline within
hours to the prerain level. These fluctuations are
similar though not identical to fluctuations
described by Meyboom (1967, p. 14) in
Saskatchewan, where the fluctuations were re-
tatud to an increase in pressure above the
capillary fringe caused by light precipitation
{Lisse effect). They arc not related to ground
water recharge, and continuous hydrographs or
closely spaced measiurements are necessary to
separate these effects from genuine recharge
events. .

CONTINUCUS HYDROGRAPHS

Traces of the continuous hydrographs for
DUP LW 7 and DUP LW 13 are presented on
figuse 31 wilth precipitation and barometric
records, as well as the hydrograph traces cor
rected for barometric effect.

The hydrograph of LW 7 is the simpler of the
two. It shows a recharge event beginning shortly
after the rain of March 24 and continuing antil
March 29. A baroinetric efficiency of about §
percent was used o correct the liydrograph.
This was obtained by considering the ratio of
water level change to barometric change 2t &
time when no other effccts were present. The
total rise in water level caused by this rain was
approximateiy 0.33 foot.

——
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In contrast, working with the hydrograph of
DUP LW 13 is much morc difficult, It shows a
large rise immediately afier the rain commenced
and a rapid decline beginning before the rain was
finished. This type of fluctuation is described by
Meyboom (1967) in Suskatchewan. There is
another rise on !hc 27th :md 28th that appears

above the zone »f saturation to field capacity,
and there was only one minor recharge event
near the end of November. The second major
recharge event folfows {he warm weather on
January 21, 1969, Winter recharge such as this
was not anticipated, since we expected that the
ground surface would be frozen and relatively

to be related to adecline in b tric p

ble. Other recharge occurs through

however, the burometric efficiency bused on this
risc is not the same as that calculated for the
20th. If we consider water leyels up to the 23nd
and alter the 28th, the rise in water level
" amounts to no more than 0.10 foot. Most of the
water from this precipitation cvent has gone to
bring the moisture content of the materials
above the zone of saturation to ficld capacity.

Each of the seven continuous hydrographs
was evitlusted in this manner and the total rise in
water level computed for the period October 1,
1968, to September 30, 1949.

In most cases water levels in the shallow wells
begin to rise a few hours after rain begins to fail,
provided precipitation is intense enough to raise
the niaterials above the top of the zone of
saturation to ficld capucity or to move down
through cracks in the refuse. With heavy rains
this rise may continue for a weck after pre-
cipitation has ceased.

WEEKLY HYDROGRAPHS

Wecekly hydrographs were kept on seven wells
from carly in 1968 to the present, and inter-
mittently on these and other wells through 1966
and 1967, Weekly hydrogrephs were also com-
piled for wells with continuous hydrographs. An
example of weekly hydrographs for DUP LW 7
and DUP LW 13 from October 1, 1968, to

. hydrograp

March, April. June, and July of 1969, in
response to precipitation.

The hydrogranh of LW 13 shows a more
subdued response. The first appreciuble rise
occurs carly in April, and subscquent rain caused
a gradual rise that continucs into August. The
late and sluggish response of this hydrograph is
prob.:bly the result of the refuse’s not having

pletely hed field cupacity. Rech
events did occur in LW 13 prior to Oclob:r
1968, but it is felt thut these were caused by
water's channelling through the refuse.

Both hydrographs decline through August and
September. It is possible that the stower decline
in LWV 13 reflects the fact chat the ground water
mound at this location hus not reached its
maximum height.

Evapotranspiration from plants is effective
throughout the growing season. The cffect of
this evapotranspiration in reducing soil moisture
is shown by the relatively large rains that are
necessary in June and July to produce a rise in
water level ond by the fact that there is no
response to rains in August and September.
Precipitation in June and July was abnormally
high and may have caused greates infiltration
than usual during these months.

Infiltration can be estimated from the weekly

d hs in the same asit is (rom the

hydrograpis, but bec they can-

September 30, 1969, together with precipi

and temperature tecords, are shown in figure 32,
Also plotted in this fipure is the watcr level rise
attributed to infiltration for DUP LW 7 as taken
from the continuous (hydrograph).

The first significent recharge shown on the
hydrograph of DUP LW 7 occurs after December
24, 1968, in response to rain on December 27
and 28. 1968. Ruins in October und November
hud not bueen suffivient to bring the muterials

. that shown on March 24,

not be corrected for anomalous readings such as
1969, and for
barometric fluctuations, the results are less

accurate.
CALCULATION OF SPECIFIC YIELD
Specific yield was caleulated by selecting a

recharge cvent at a time when the materials
ahove the top of the zone of aturation were at
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" of near to ﬂcld capacity and mumin; that all
the precipitation falling on the landfill in-
filtrated and contributed to the water level rise.
During this event specific yiclds can be cal-

culated by using the equation Sy = Rppt/ahas '

‘discussed in appendix H.

This calculation assumes that (1) the feld
capuacity of the” materials above the zone of
saturation has béen reached and (2) there is little
or no runolf or ponding and a representative
amount of the precipitation enters the ground.

We assuined that the materials were at field
capucity for aboui | week after a substantial
recharge cvent and calculated field capacity for
subsequent recharge events falling within this
time span.

The cffect of runoff and ponding was es-
timated from the slope of the ground in the
vicinity of the recorder and considered in
selecting the specific yield value to be used for
calculating total infiltration (appendix G).

As can be seen, a considerable amount of
personal judgment is involved in this procedure.
If the material is not at field capacity or there is
runoff, a high figure for specific yield will be
obtained. if thicre is ponding, a low specific yield
will be culcuiated.

Specific  yield, total porosity, and ficld
capacity were,- on two occasicns, measured
dircctly in the ficld on refusc placed in two
55-galion drums welded together. On the first
occasion the two drums were filled to the tcp
with measured amounts of uncompacted refuse
and water. left overpight, and then drained for
24 hours. On the second occasion, the refuse
ted with a as the water was
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added, The mixture was kft for 7 days before
being drained. During this interval more water
was added as necessary to cover the refuse,

Calculations were based on the following
relationships:

Specific yicld =
" Volunw of water drained from barrel x 100
Total volume of barrel

Total porosity =
Volume of water added to barret x 100
Total volume of barrel

Ficld capacity = Total porosity — specific
- yicld

The specific yield, porosity, and ficld capacity
obtained on the first occasion were 63, 73, and
10 percent respectively and on the second
occasion 44, 79, and 3S percent respectively.

Results from the first measurcments are not
realisitic, inasmuch as the refuse was not com-
pacted sufficiently, nor was the refuse and water
mixture 'sft long enough for all of the pore
space to become suturated. A field cnpacity of
35 percent as obtained on the sccond occasion -
can be pared with ts of 29 .
percent made with an asbestos tensiori table by
Remson ¢t al. (1968, P.309) in Pennsylvania.
The specific yield vatue of 44 percent compaires
well with that obtained for Winn LW 17, on
table 19.
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: APPENDIX F
RESULTS AND INTERPRETATICN
OF PERMEABILITY CALCULATIONS

SLUG TESTS
Table 15 shows the results of stug tests for
permeability  grouped according to site and
materials, Permeability values ob d from

spaced at intervals of § and 10 feet on cither
side of MM S8, the pumping well. MM 58 was
pumped with a gperistolic pump at between
0.128 .md 0.10 gpm for 16 hours, This test was

sands and gravels at the old DuPage County,
Elgin. and Woodstock lundfills reflect the
variable texture of these glacial deposits. Values

. for glacial tills und for the alluvium at Winnetka
. show more consistency. Values for refuse are

also varisble, as would be expecled from its
heterogencous nature.

In some instances valid results could not be
obtained. These are noted in the comments
column in tuble 15. If the permeability of a anit
is high and the diameter of the standpipe is
small. the drop in water level is too rapid to be
measurced by the method used. In these cases we
have given an cstimated value for the per-
meubility.,

In a number of wells water levcls continued
rising after slupgging, dropped below their
original level, or remained stationary. These are

noted in the comments column as. 2 matter of

interest.

A value of 25 gpd per square foot was takcn
to represent the permeability of the survicial
sands around the edges of the old DuPage
County fand(ill, This rather arbitrary figure is
derived by averaging all the slug tests taken in
this unit except those from MM 29, 59,63, and
76. We believe that rejection of these higher
(and possibly crroneous) valucs may compencate
for the fact that most of the stug tests were run
on the south side of the landfill, where the
materials appear to be coarser textured.

PUMPING TESTS

Pumping tests were run on the shallow de-
posits at the old DuPage County and Winnetka
landfills to verify the pesmeability values arrived
at 1l rough shugtesting. The first such test was
run or wells MM 46, 47, 57, 58, 59, and 60,
south of he old DuPage County landfill, These
wells are approximately 12 feet deep. in 3 line

r d with a contractor’s pump at a pumping
nte of 0.50 gpm on MM $9. The results
obtained with the dy-state leaky

mithod of analyses (Walton, 1962.p. §) com-
pared will with those obtained by slugtesting.

A simifar test was run on DUP MM 68 10 72,
inclusive, to compare results between sealed and
unsealed well points. These are wells about 9
feet decp and arranged as the arms of a cross 2
and 5§ feet from the center well MM 68, the
pumped well.

Two tests were run on this array. in the first
test, MM 63 was pumped at different rates from
0.605 gpm to 1.73 gem with a small contracior’s
pump for about 4 hours and step drowdown
anulysis was made as described by Walton (1962,
P 27) In the cecond test MM 68 was pumpced at
1.21 gpm with the contractors pump for about 4
hours and the results analyzed by the non-
steady-state fcaky artesisn method (Walton,
1962, p. 5). Both of these methods gave similar .
results, which indicated that the materials had a
permeability one to two orders of magnitude
higher that given by slugtesting. There was no
indication that diffcrent results would be
obtained in sealed versus unscaled wells,

An input test was run on the alluvium at
Winnetka MM S0-54 inclusive. These wells ane
about 7 fect decp in & line spaced at 2 and 4 feet

from MM 52. The center well, MM 52, wus injee

ted at 0.101 gpm for 24 hours and the results
analyzed by the nonsteady-state leaky artesian
method (Walton, 1962, p. 5). These results com-
pared well with those obtained through
slugtesting.

LABORATORY TESTS
Vertical and  horizontal values for per-
meability were obtained on a sumple of till
coflected from an excavation about 4 miles
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south of the old Dulage (‘ounty tandfill. The
wertical permesbility oblained was 2.8 x 1077,

centimeters per second, with a constant head of .

§.28 pounds per square inch over un area of 37.0
square centimeters for 23,40 hours, The vertical
permieahility was 2.2 x 1077 centimeters per
second a head of 0.43 pound per square inch
over o sample area of 35.6 square contimeters
for 16.25 hours. These compare well with values
obtaincd from slugiests in the till at the old
DuPage County site.
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OTHER WORK IN AREA

Cocfficients of vertical permabiity baswed on
pumping cune analyses calculated from the drift
materiuls (Walton. 1965, p. 34) raged from 2.17
x 167 centimeters per second for a clay till with
some sand and gruvel 1nd shaley dolomite to 4.8
to x 1077 centimeters per second for sand and
gravel with some clay. Other studies in this arca
have yielded calculations of permeabifity for the
drift from 9.4 x 10® centimeters per second to
3.8 x 10°? centimeters per second. The latter has
been interpreted as a joint in clay till (Williams,
1966, p. 48).
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. APPENDIX G
QUANTITATIVE DATA AND CALCULATIONS

This appendix lists pertinent quantitative data
and calculations of water mo t. Figure 33
is a sketch of conditions similar to those found
st the old DuPage County and Winnetka landfills
and illustrates the components of ground water
flow that were calculated. The value of * lateral

movement " applies to the quantity of water

moving from the {ill across section A-A’ at the
fill margin. It is a measure of the amount of
water from the fill moving outward above the
first zone of very low permeability (top of the
glacial till) on all four sides of the fill area. The
value for “vertical movement™ applies to the
quantity of water from the fill moving across
section A'-B below the fill, It is a measure of the
amount of water from the fill moving downward
beneath the fill itself. It is not a measure of total
downward movement frcm the fill, because
some downward movement also occurs outside
of the margin of the fill (below area indicated by

The maximum distance that dissolved solids
from the land(ill can move laterally should be
fixed hydrologically at ths point where the flow
line leaving the landfill at A enters the top of the
till. An estimate of the distance to this point
from the landfill has been made for the south
side of old DuPage County Iardfill

The spreading effect of the sand bed withia
the till scction is effective only if the sand
extends part way below the filled area. If it

.undeslies all the fill area, it will move the zone

of vertically moving water over as a unit, The
right side of figure 33 iltustrates the effect of a
tile on the flow system. Note the diversion of
both downward and [aterally movm; water to
this tile.

" DUPAGE COUNTY LANDFILL

3.40x 105 02 .. Surface area of fil

85x10%1t.... Length of landfill edge North,
south, and west sides

1.5x103 1t .... Eastside

Estimated yearly recharge
based on table 19

1.30 ft/year .. ..

Estimated average horizontal

gradient in surficial sand at
2x102 1/t ... fiedge )

North, south, and west sides
1.7x 107} f/ft. . East side

25 gal/d:ay/fl2 .. Estimated average permes-
. bility of surficial sand at fill
edge based on table 15
30 glllday/l‘t2 .. Estimated permeability of
surficial materials in area
» south of landfill

Average saturated thickness
of surficial sand at fill edge’
10ft......... « . North, south, and west sides

L | PPN East side

8x109 galiday/N2.Estimated average permea-
bility of tili below fill based

on table 15
osf/ft....... Average vertical gradient at
top of tiit unit
015...... ....Estimated specific yield of

surficial sand unit

Recharge by precipitation (October 1, 1968; to
September 30, 1969)

Recharge is calculated by lhe method de-
scribed by Williams and Lokman (1949, p.
127-129).

.Toul c arge = 1,30 ft/yr x 3.40 x 10512 =
44 x 10 £t /yr=90,000 gpd Discharge from fill.

Lateral movemant through surficial sand
North, soulhi and west _;ndcs of fill.

25 gpd/fte x 2 x 10°~ ft/ftx 101t x 8.5 x 103
=4.25 x 10% gpd.

East side ozf fill :

25 gpd/ft* x L7 x 10! ft/ftx7ftx15x
10° ft = 4.46 x 10* gpd.
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« - ( (
Ground surface and approximate top of zone of saturation
¢ N Londfill
l - .V 4 '. X ol - -
Sand ......-----'::'.'I'-'-'-.:.-:‘ :'-_E_jv:;?-\\———;*‘ ( -‘..,...........

DS s, ; —fln LTI
i ! Mol 8" \tile :
! P Silty and sondy
P > clay tills
Interbedded “sand ,:
' :
l v H
o o’ ar” w *

Dolomite

<----= Flow line of water which has possed through the fill
<-—-= Flow line of water which has not possed through the fill

o

Figure 33, likntration of conditions similar to those found at the oid Du Page County and the Winnetks tandfills and -

of the componsats of ground water flow calculated in Agpondix G. Tha right side of the figurs illustrates the etfect of a

tile on the flow systom, Both dowtwrard end latarally moving watar sre diverved 10 this tile.
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Total lateral discharge through surficial sand
= 87,100 gpd.

Vertical movement downward through till
beneath fill.

8 x {02 gpd/fe? x 0.5 {t/ft x 3.40x 10° (1?
= 13,600 gpd.

Total discharge = 100,700 gpd or approxi-
mately (00000gpd. -
Estimated velocity of ground water flow.

South of landfiil with a horizontal gradient of
6 x 10°? and specific yield of 0.15

30 gpd/t® x 6 x 10°3 o/t x 3.65 x 102
TaTX0.I5

=60 ftfyr

Dilution of leachate by Kress Creek.

Flow from east side of fill = #.46 x 10* gpd

Flow in Kress Creek measured at 2.6 ft? fsec
or 1.7 x 10* gal/day on 7/15/69. Appeared to
be slightly lower

than average flow

Dilution = 1,7 x 10* gpd = 386 times

4.46 x 10* gpd

Hydrogeologic limitations on the migration
of dissolved solids from the landfill, south side
of the old DuPzge County landfill.

Assume that the amount of water leaving

through A-A, figure 32, is equal to the

amount of water entering over the interval C.

Aceordmg to Dartys faw, Q = PIA, as

E, and theref
Pify (A-A') =PaolaC

caP 1 (AN) .
Plll

30 gal/day/FC x 2 x 10" Fe/Ft x 10 Ft
8 x 10° gal/day/Ft* x 0.5 Fi/Ft

1,500 Ft

The calculated distance would he strongly
affected by varistions in vertical penncability
within the surfivial sands 1ymugh which the
dissolved solids move, and we know frons our
drilling that these varistions in permeability
are present.

WINNETKA LANDFILL
1.06x10° 02 ... .... Surface arca (A) of filt
49001 .......... o Perimeter of (il
2xIV RN ..., Estimated  average

harizontal gradient (1)
in surficial alluvium
around perimeter of

il .
1.30€ . ......ee v...Estimated ycarly re-
. charge based on tublke
19
Sgullday/f.......... Estimated average per-

meability (P) of sur
ficial afluvium at €ilt
edges (table 15)

[ 1 { SN Estimated saturated
thickness of surficial
alluvium

3.4x 1072 galfday/ft® .. Estimated permeas
bility of till below fill,
based on cable 15

05ft/ft ...oovv..n. Estimated  wvertical
gradient (1) in tilt be-
low fifl

Recharge by precipitation

Total recharge = 1,30 fifyrx 1.06 x 10% f1? =
1.38 x 10* ft*/yr = 2.83 x 10* gpd or 28,300
gpd
Discharge from fil}

- Lateral movement through susficial alluvium
Sgpd/f* x 2 x 10" /M x4.9x10° fix6 =
30,000 gpd

Vertical movement through clay tilf below fill
3.4 x 10 gpd/ft? 'x 0.5 fe/ft x 1.06 x 0% 112 =
1,800 gpd .

Total discharge from il = 31,500 gpd

Estimated velocity of ground water flow
through alluvium on nosth, cast, and west sides
of fandfill with a horizoatal gradient of 3.5 x
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"10°* fe/fe and a specific yicld £ 0.10

$ epd/ni® x 3.8 x 10°2 11/1t x 365 2 g5 2 yr
o x 0.

 ELGIN LANDFILL
145x 105 1% .....eee Surface area (A) of
: fil*
CRASHtyr. e Estimated yearly infil-

tration based on table -

LW

Total infiltration = 1.45 x 10° f1? x 1.25
ft/yr = 1.81 x 10° ft* fyr=6.6 x 10* gpd

Dilution in Fox River
Low flow 7.76 x 10° gpd + 6.6 x 10* gpd =
120t

Average flow 4.89 x 10° gpd + 6.6 x 10* gpd °

= 7,400t
This estimate assumes that all “the water
infiltrating into this landfill moves to the river.

————

v
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Since this-is a discharge zone, there is no
downward movement. The estimate maximizes
the possible tevel of pollution entering the river
by making no allowance for difution by ground
water infiltrating between the landfill and the

siver.
WOODSTOCK LANDFILL
Lixiot et ..., +» . Surface arca (A) of fill
Iftye . oovvnnnnns ... Estimated ycarly infil-
tration hased oa table
19

Total inflltration = 11 x 10 f* x § fe/yr =
14 x 10° ¢ fyr = 22,500 gpd (2.2 x 10°)

Estimated flow in the drainage ditch is 10*
gpd and on the assumption that gpd reuches this
ditch, it would atlow dilution of (1 x 10* gpd +
2.35 x 10° gpd) = 45 times. This docs not take -
into account water moving downward inside or
outside of the fill buundarics or dilution and
attenuation of leachate between the fill and the
drainage ditch.

*A maximum figure, since it includes old azh, which appear. 10 have nearly stabilized, and relatively thin fifl.
HSueam flow data from Water Resources Data for lllinois, 1966 (US. Dept. of the taterior, Geological Survey, Water

Resources Division, 1967), Part §,p. 111,
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APPENDIX H

ANALYTICAL METHODS USED IN
HYDROLOGIC INVESTIGATION

There were two objectives to our hydro-
geolugic investigation, The first was to obtain a
water balance in order to determine how much
water was entering and leaving the landfills and
by what means. The second was to describe the
subsurface travel path of the water as leachate
leaving the landfill. A water balance equation
was developed and solved to obtain the first
objective, and modificd flow nets were con-
structed to describe the movement of the
ground water. .

WATER BALANCE STUDIES

Hydrographs of obscrvation wells indicute
that the ground water flow systems in and
around the lundfills arc in a quasi-steady-state
condition. This mcans that the water flowing
out of the system is replaced by water flowing
into the system, cither recharged from infil-
tration of precipitation or by ground water
inflow. A water bulance equation for this
situation ig:

Rpptn + I = Ogw + ETGw ¢ Sgw

where
Rpptn = r;:chzrge fromn infiltration of precipi-
tation
1Gw = inflow of ground water
OGw = outflow of ground water
ETgw ® cvapotranspiration loss ‘from the
ground water reservoir

and

SGw = charge In volume of ground water in
storage

Ground watcr inflow, IGw is zero if a ground
water mound has formed under the site so that
alt gadicats are away from the site. This is the
case in three of the studicd sites. Evapoe
transpiration from the saturated sone (ETGw)is
small il the water table is low or il the plants
present are not heavy users of ground water.
This factor was neglected as minor in the
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calculations. Becanse we arc  assuming the
mound to be stable or neardy so the change in
volume of ground water in storuge Sgw is
considered zero. In view of this, Rpptn will
equal OGW'

Rpp(n s AL Sy
where
Rppm = recharpe by infiltration
Ah = rise in water level due to infil-

tration of precipitation

and Sy =
specific yield of material at the water table

Specific yield is the effective porosity of the
medium and is described by the expression:
N=Sy+ Sp

where
porosil-y of the medium

specific yield, the volume of
water yielded by gravity drainage

Sy »

and
Sp = specific retention, the volume
retuined by a unit volume of
material after gravity drainage.

Specific yicld of refuse was calculated from
the continuous hydrographs by dividing the
rainfall by the corresponding risc in hydrograph,
Rpptn/Ah at a time when the materials above
the zone of saturation were at fickl capacity, It
was also measured directly on refuse compacted
in a barret filled with water (appendix E)

The value for Ah is taken from continuous
hydrographs where a rise due to a rainstorm
indicates a recharge event. It was necessary to
distinquish water level changes caused by other
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factorz from  those due to recharge and
depletion, The total recharge for a year is the
sum of all recharge cvents (Williams  and

Lohman, 1949, p, 127-129), und recharge to
each landtill was caleulated by this method
(appendix E)

The remaining unsolved factor in water
balanee cquation, Ocw. is obtsined by D.nrcy 'S
law aad a flow net analysis.

.

DARCY'S LAW
The flow of waler is governed by Darcy's law,
which can be written:
Q= PIA, where Q = rate of
flow -
P= permeability of the
medium
1= hydravlic gradient, the
rate change of hydraulic
head along a flow path dh/
o

and

‘¢ross  sectional area
through which low occurs

A=

The permeability, P. of a material refors to
the case with which a fluid will pass through it.
In this study permeability was measured with
slug tests, pumpiag tests, and lab Yy testson
samples (appendix F), I, the hydraulic gradient,
is a mcasure of ground watcr potential or
hydrautic head and is determined from water
levels in picrometers,

To cleulate Ogy. the outflow of ground
water, we applicd Darey's law to  vertical
sections alung the sides of the landfill and to the
horizontal scction at the base of the fandfill and,
knowing P, 1, and A, we calculated the amount
of water feaving the landfill arca. Because of the
difficulties involved in arriving at an accurate
value for P, the mcasurement of input is
considercd o e much more reliable than that
for output hased on Darcy™s luw,

GROUND WATER VELOCITY
The velocity of ground water inovement, both
fateral and sertical, can e calculated by the

HOOTGLDGOZS I.A‘
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where V is the velocity in feet per day, P the

cocfficient of permeability in gallons per day per

square foot, | the hydraulic gradient, and Sy the

specific yicld, a fraction expressing the amount

of water that will drain from a saturated
" material,

Velocity caléulations based on this relation-
ship can be considercd only as rough estimates
because P, the permibility, is (appendix F) very
difficult to measure accurately and we do not
have reliable data on the specific yicld of the till,
Todd (1959, p. 25) gives a value of 3 percent for
the specific yield of materials similar to glacial .
till, whercas Schicht and Walton (1961) arrived -
at values of about 10 percent in basin studivs in
{llinois. Specific yield values of approximately
20 g t would be y to explain the
velocity us estimated from the resistivity data
gathered in this study (Hughes et al, 1968), and
values of 51 to 78 percent would fit the velocity
figures indicated by the water quality data
gathered in this investigation. Variations in
specific yield of this magnituds could be
accounted for easily by errors in the estimates of
the till’s permeability. Travel velocities through
till were therefore based on water quality data,
which is more appropriate in a study of this
nature.

Specific yield for the s\m'mal sand at thie old
DuPuage County landfill and for the alluvium at
the Winnetka landfill could be estimated fairly
accurately from data given by Todd (1959, p.
25) for similar materials. At these sites cal
culasted velocities agreed fairly well with
velocities bused on chioride movemcnl through
the surticial deposits.

FLOW NET ANALYSES

A flow net is a graphical soluuon to the
LaPlace cquation:

420« &%
dx? dy:

where h= gm\md water
fluid potentiat

X.y = cartesian coordinates
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or fluid potential in two dimensions, for steady
“4tate flow,

Distribution of head in the ficld is found by
plotting the clevation of water tevels in picsos
meters and touring them, A h pattern
is some confirmation of the vulidity of the

ts. A lous values that cannot be
reasonably accounted for from natural cone
ditions are usuully good clues to faulty piczo-
meter installation.

Flow tines are drawn to intersect the equal
potential contours at right angles, and if the two
sets of lines are made to form o network of
curvilinear squares, the analysis is simplificd.

Darcy’s law again provides the expression for

calculating the rate of flow. Permeability is
found from ficld tests of piczometers and
faboratury tests of core samples. The gradient |
and arca A ace derived from the flow net.
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Where a flow fine croaws 3 boundary hetween
hydrostratographic units  with  different per-
meabilitics, it is refricted wo that:

k) - Tano)
k2 Tan¢)

where ky and k3 equal the permeabiditics of the
two units and ¢ | and ¢ 3 equal the angles of
incidence of the flow lines on the boundary
between the two units, In practice this meanx
that water moving d I twlow a g {
water mound und encountering material of
lower permeability is  refracted  into  this
material, increasing the downward component
of flow.

Determining the distribution of the units in
the subsurface and evalusting theis hydeo-
geologic propertics are important tasks to the
hydrogeologist because these are the factors that

Gradient is mercly the difference in p fal
between two points on a flow line divided by
the fength of the fTow line. Area is the product
of the distance between two lines and the
thickness of flow ficld. For flow nets in cross
sections thickness is set at unity so that arca is
numericully cqual to the distance between flow
lines. For flow nets in plan view on maps, the
thickness is based on geology and is taken as the
thickness of the aquifer through which most
flow occurs.

The true steady-state condition implied in the
flow nct analysis is scidom. if ever, met in the
field. In thic study, well hydrographs show
considerable fluctuation in water levels with
time, which is proof of unstcady flow. The
fluctuations are not, however, so great that
water levels at any one time are not reasonable

P ions of the potential dis-
tribution throughout the year. Water levels for
flow net analyses were chosen at times when
piezometers were stable, to reduce crror caused
by time lag.

The materials of the subsurfice have widely
varying hydrogeologic propertics that are usually
related to the geologic origin. The materials are
classificd and grouped into hydrostratographic
units according to their propertics,

| the ground water flow system,

Flow dircction shown on the cross sections in
this report are corrected for vertical ex-
aggeration and permeubility varistions, as dis-
cussed by van Everdingen (1963). The use of
vertical exaggerations in cross sections has the
effect of sugpesting more Jateral movement than
is actually taking place. The effect of jer-
meability on flow has already bech discussed.

PERMEABILITY DETERMINATIONS
Slug tests were made on scl?clcd piczometers

to determine values of permesbility in sitw,
These involve changing the water level in a

piczometer and then plotting the hydrograph as -

the water level returns toward cquilibrium at the
static level. According to Hvorstev (1951, p.43)
the permeability of the screencd zone of a
piczometer can be found from expression:

where g .A_
FT

K = cross section arei of piczo-
meter tube, em=

F=  shape factor. depending
upon the area of the inter-
face between  piczometer
bore and furmation




.

basic time lag, the time
required for complete res
covery if the initial (low
rate, q, femains constant
until stabifization is
rcached. If the total
volume of flow is V then T
=V/q, sec

T=

For most of the piczometers in this study the
shape factor for a well point (ilter in uniform
soil is most suitable (Hvorslev, fig. 18, case G).

An important consideration is the ratio of
horizontal permeability to vertical permeability,
kn/ky, and the square root of which is the
transformation ratio, m

The expresssion for Ky, for this case is:

Ky =¢%n [gt'-Jn"B"' l

8L T
. where

d» diamecter of the piezo-
meter tube, cm

L= length of the piczometer

screen, om

diameter of the piezo-

ncter screen, cm

. and the other tesms as previously

stipulated

D=

For piczometers in clay, the simplified form
given by Horslev was used:

Xp = dzlngﬁl

8$-L-T

Table 1S shows the results of slug tests for
permeability. The method is subject to con-
sideruble crror, in part because of subjective
cvaluation,

Pumping tests, input tcsts, and faboratory
tests were also run and their results compared
against those obtained from sfug testing.

The major source of crror in applying Darcy's
law to ground water flow is the value used for
permcability, Earth materials are scldom homo-
gencous, and permeability values may vary by an
order of magnitude over short distances in the
same deposit. This is particularly true of the
upper sand and alluvium deposits at the old
DuPsgz County and Winnetka landfills, For this
reason, calculati of the t of water
coming out of the landfil! are must less reliable
than calculations of input, which ore not de-
pendent on the y of the permeability
factor.

In order to qbtain some quantitative ideas

! disteid and thus
the ground vnh.r flow patterns in the old
DuPage County wastc disposal site, a8 two-
dimensional digital model was constructed by
Dr. Paul C. Heigold of the lilinois State
Geological Survey. The model was set up to
handlc anisotropic, nonhomcgeneous, steady-
state flow with fixed hydraulic potentials at the
water table surface and at the points where

were | , and fixed hydraulic
powmal gradients at boundanes other than the
water table,

Essentizlly the model involves the soluiion of
the boundary value problem given by the partial
differential equation {or steady-state flow

L8, L8

whete

H= hydraulic conductivity at a
point P (x,z) in the field of

interest

hydraulic potential at s
point P (x,2) in the ficid of
interest

and its attendant boundary can-
ditions

‘l

£(x) at the water table

f (x2} at points where
piczainelers were lovated

o=
¢s=
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: * aries other than the water |
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In this study & numerical nolutlon that lnvolved
the method of finite diffesences and the Gauss
Seidel iteration technique was applied to the
boundary value problem outlined.

Input to the finite-difference equations for
the nodes of the grid superimposed on the field
of interest included water tablé elevations,
potential values obtained from piezometers
located within the ficid of interest, vertical and
horizontal hydraulic conductivities dependent

ot
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on the lithology w‘dn{:;lh‘mde 4

and drauli pnlcnﬂa"

mdlmu 3t boundarics olher lhm lhe water
table,” N ,

. The iteration pmccdure was carried out on
the 1BM 360/75 st the University of linois. A

total of 4,000 iterations were made with 3

resultant residue of 0.006 foot. -

The ground water flow pattern obtained from
this procedure is more t l!unhadbeen_
previously obtained; & er the p is
relatively expensive “and has the same depend-
ence on reliable permeability measurements as
the simple methods of flow analysed do that are
used in lppmdix G. .
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