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Introduction

In 1969 the Indisna State Leglslature passed the Refuge Disposal
Act which reguires that solid weste be disposed of by incineration or
by burial in "ssnitery landfills" (Indiena State Board of Health, 1969).
This report deals with solld waste disposal by land burial at selected
tandfilles in scuthern Indlana. Priority was given to locations where
studies could be made pricr to, during, and after landfilling opera-
tions, so that "before” and "after" effects could be determined.

The objectives of the study are: (1) to define the Tield models
of the geohydrologic systems of the differing terrains of the land-
£11ls, (2) to determine the ground- and surface-water movement,

{3) to analyze the original water guality and any chenges caused by
landfilling, (4) to establish criteria for protection of the water
resources that may be affected by lendfilling, and (5) to establish
guldelines relating to emplacement of lendfills in different terraing.

Three case studlies are given in this report: (1) Monrce County
Landfill near Bloomington, (2} Brown County Landfill near Helmsburg,
and (3) Manicipal Landfill in Columbus. The first two landfills
conbinue in operation, so discussion of them concerns only the "before”
and "during" phases. The landfill at Columbus was discontinued for
sconomic reagons, so the "after' phagse will be examined there. How-
ever, the volume of waste thaet was buried lg only e minor part of the
volume criginally planned for burial.

A progress report is also presented from a cooperative study op
the organic compounds and carbon in ground water from landfill

effluent.







Monroe County Landfill

Topography., The Monroe County lendfill i located along Anderson
Road shout & miles northsast of Bloomington in the Nwﬁﬁ section 25,

T. 1LON., R.1IW. The site covers 160 acrss on the north valley slope of
Beanblossom Creek 1ln digsected terrain conslsting of stepped topographic
levels ascending interfluves betwsen tributaries of the meln stresanm.
Beveral tributary stresms originate within the landfill site and
descend betwesen the interfluves to & lerge artificial drainsge diteh
thet flows on the north side of Anderson Road. The ditch then passes
under the road through s culvert near site 8 (Fig. 1) and continues
half a mile southward where 1t drainsg into Beanblossom Creek. The
longitudinel profiles of the tributaries have 6 percent slopes in the
upper reaches decreasing to about one percent in the lower reachesg
toward the main valley of Beanblossom Cresk.

Quite steep hillslopes (up to B percent) descend to the broad
alluvisl valley and to tributary streams, Blevation of the ares
ranges From 602 feet in the alluvial valley to nearly 71k feet in
the highest part of the uplands.

Stratigraphy and Burficlial Depcsits. The surficial and sub-

surface materials of the criginal ares were sgtudied at 12 drill sites
whers conbinuous cores were taken from different topographic posi-
tiong (Fig. L).

| The bedrock is siltstons of the Borden group (Wier end Gray,
1961Y. Depths to bedrock, determined during drilling, indicate that
the bedrock surface ls very wndulatory asnd ig higher under the inter-
fluves then benesth tribubary valleys and the meln valley. TUnder

the uplends (gites 1 snd 2}, bedrock is at an slevation of at
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least 610 feet. In & tributary valley (sites 3 and 5), bedrock is at
an alevation of about 570 feet. Under the mein velley (sites 6, 9,
and 11}; the bedrock surface degcends ©o an elevation of less than
570 feet and iz less than 560 feet at gite 8. Although the surface
topography shows that the terrain is dissected by the smaller fribu-~
tery streams descending to the maln valley, the bedrock surface was
previcusly incised,

A weathered zone occurs sbove bedrock at all drill sites. The
zone 1s gray and containe fragments of bedrock., Textural data {Table 1)
indicate that the meterial is mostly gilt (50 to 80 percent) and
gsand (30 percent). Above this weathered zone at upland sites 1 and 2,
another sediment, 7 to 11 feet thick, conteins granite pebbles and
cobbles. This unit is probebly glacial till of Illinoian age. This
till is asbout 5 miles south of the recognized Tllinolan drift border

~in south-central Indiana (Wayne, 1958},

Two thick beds of silt and clay are sbove the westhered bedrock
or till at all drill sites. One bed of probably Illinoian age ig at
lemst 19 feet thick under the uplends (site 1), and the other bed of
Wisconsinen and Holocene sge is more than 36 feet thick in the velley
(site 8). These fine-textured sediments may be lacustrine in origin
{(Pratt, 1960} end are mostly silt (50 to 6L percent) in the upper
part of the bed and are slternsting layers of sili and clay in the
lower part of the bed. Where gilt and clay are interbedded, the silb
leyers contain from 69 to 83 percent silt in contrast to 34 to 41 per-
cent silt in the clay lsyers.

At three valley sites (3, 9, and 10), beds of alluvial gravel

are above or are interbedded with the sgilt and clay. These gravels
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range in thickness from less than 2 feet {site 2) to more than 7 feet

(gites 3 and 10).

TABLE 1. TPhysleal Properties of Sediments at Sites 1 and 3

Depth Material Sand* Bl Lu% Clay*
(£e) (%) (%) (%)
Bite 1o
0= Bilt 1.1 85,2 13.7
7-2h silt b.3 69.4 26.3
elay 3.8 3h.7 61.5
Rl-31 ti1l - - -
2729 weathered BE c .
31-33 bedrock 20,2 56.9 13.9

Site 3:

O-lt gilth 2.3 85.8 11.8
by gravel 224 61.0 1.6
7-9 silt 7.7 54.8 38.5
§-15 gravel 23.5 5L.2 15.2
15-29 silt 8.0 7h.9 17.1

clay 8.7 40,4 50,7
29-31 yeathered 33.0 54.9 12.1

¥Porticle-gize analysis based on all msterials less than 2 mm diameter.

On the uplands the surface material containg more than 85 percent
silt (Table 1) and is Wisconsinan loess (Caldwell and White, 1956). A
representative stratigraphic section on the uplands {site 1) has 7 feet
of loess contalning a falrly well-developed soll overlying 17 feet of
gilt and clay, and in turn 7 feet of glacial till and 2 feel of weathered

bedrock (Fig. 2). Depth to bedrock iz 33 feet.




In s drainsgewsy (site 3) & representetive stratigraphic section
hag 3 feet of alluvial silt containing o less-developed soil overlying
3 feet of gravel, 2 feet of gilt, another 6 feet of gravel, 3 more
feet of silt, L2 feet of interbedded silt and clay, snd 2 feet of

weathered bedrock (Fig. 2). Depth to bedrcck is 31 feetb.

Figure 2. GENERALIZED SECTION DESCRIPTIONS

Site | Slte 3
0 (Elev. 664%") 5 (Elev., 627%)
sl 11 joam
silt loam
gravelly
toam
stlty clay
o} () e ) gravelly
silts oam
and siity clay
clays
() ~=20 siits
and
silty clay
granite pebs ctays
—Z0) (F11h e 3 wthd. bdrk.
wihd. bdrk.
bedrock
bedrock




The boundary between uplend and valley-fill sediments was delincated

in field mapping. Valley-fill deposits cccupy 55 percent of the surface

ares of the londfill pite (Fig. 1).

Prior to landfill operations, the upland solls were Cincinnnti and

Ava formed in thin loess over a differing substratum (Agric. Exper. Sta./

Coop. Exten. Serv., Purdue Univ., 1971). The soils in the alluvium are
the Wakeland-Stendel-Haymond-RBartic association.

Hydrology. Amnual precipitation in the area isg about M4 inches
with most rain occurring in spring and least in fall, May and June are

generally the wettest months with October being the driest month {(Table

TABIE 2. Average Monthly Precipitation, Bloomington, Indiana*

Month Amount (inches)

January 3.87
February 2.77
March 3,96
April 3.91
Moy L, L8
June 5.09
July 3.50
Augusth 3.33
September 3.76
October 2.68
November 3.49
December 3.13

*Climatological Data (Indiana), vol. 78, no. 13, p. 2.

Prior to landfilling the hydrologlec system ab the Monroe County
© landfill could be separated into three components: (1) the ground

water in the meln saturated zone, (2) isolated zones of subsurface
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wabtey perched above relatively lmpermesble sedimentary beds, and
(3) surface water in the intermittent streams.

The ground water in the main saturated zone cccurs within and
ghove Borden siltstone. Hlevation of the ground-water teble at each
gite was measured during drilling in June, L971. The ground water
was conglderably higher under the uplands than under the descendlng
hillglopes and fl@odplain, A map of the water faeble, based on static
levels of water in drill holes, shows that the ground-water surface
generally parallels the slope of the surface topography (¥ig. 3,
cf., Fig., 1).

From Darcy's lew the flow of & liquid through a porous medium
is in the direction of and proportional to the hydraulic gradient and

also proportional to the rate of permesbility (Hillel, 1971):

dh

Vs kgTT

where V is the velocity of flow in inches per bour; k is the per-
meability or hydraulle conductivity in inches per hour; and dh/dL
18 the hydrsulic gradient in feet per feet. True Darcian flow may
not oceur in fine-textured materials (Hillel, 1971; Olsen, 1965)
becauge of interference by clay particles and their adsorptive
fields that sttract walter cauvsging it to be more static and not

a8 free for movement (Swartzendruber, 1962).

Howsever, approximate flow veloclities may be calculated by
uging Darcy's law. The gradient of the water table slopes from
site 2 to sites 4 and 8 at the rate of W7 feet in 960 feet (4.9 per-
cent) and 47 feet in 1170 feet (4.0 percent), respectively. Per=-

meabllity of the material, determined by meximum wabter depth
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il
fluetusation is 0,024 in/hr or 0,047 £t/day (Teble 3). Corresponding
flow velocities slong the two traverses are 1.2 x 1073 in/hr

(2.h x 1073 ft/day) and 1.0 % 1073 in/hr (1.9 x 1073 ft/dey) .

Water Pluctuation Time Rate
Elevation (£t) (days) ft/day

Well 3B -« Ground Water:

6/1/12 607.1
Q.7 2k 0,029
6/25 606, 4 -
0.9 19 Ok
7/14 605.5
0.5 15 -033
7/29 605.0
0.8 19 Ol2
8/17 60k, 2
2.0 L3 LOk7
9/29 602.2
0.8 27 .030
10/26 601, 4
0.2 23 009
11/18 601.2
0.1 13 .008
12/1 601.3
1.8 63 029
2/2/73 603.1
Well A -- Perched Water:
6/1/72 627.1
3.5 2k 0.116
6/25 623.6
2.5 19 132
7/Lh 62L.1 |
0.k 15 027
7/29 620.7
0.9 19 .2k
8/L7 619.8
8/17 - 11/18 DRY - - -
12/1 620.2
3.1 63 .0k9
1/26/73 623.3

i v s L T e o
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Water teble elevebtiong of the main zone of gaturation in the valley
fluctuate as much 28 6 feet @nmually and are highest in late gpring and
lowest during late fall (Table 3). TFor example, abt site 3 water wag at
elevationg 607, 604, 60L, and 603 feet in June, Augusi, November, 1972
and February, 1973. At site 8 water was at 599, 596, 593, and 595 feet
on correspondlng dates.

The perched ground water in the valley st driliing sites 3, 9,
snd 10 occcurs in salluvial gravel agbove lacustrine silt and clay
(Teble 1, Fig. 2). Precipitation infiltrates the thin and moderately
permeable surface silt, percolates downwerd through the quite per-
meable gravel, and accumulates on top of the very thick and relatively
impermeable siit and clay. The gravel thins downvalley from nearly
10 feet thick abt site 10 to zmbout 2 feet thick at site 9., Blevation
of the conbact between the g%avel and the underlying silt end clay
decreases downvalley from 593 feet at site 10 to 577 feet at site 9
BlOng ahgradient of 2.5 percent. As the permesbllity of gravel may
be as high as 0,81 in/hr (by laboratory permesbility tests), the rate
of flow from Darcy's lew ig approximately 2.0 in/hr (L.1 £t/day).
Well 3A intercepts the perched-water mone and is sbhout 350 feet From
the active fill areas in zones 1 and 2 (Fig., 4, cf. Fig. 1). At the
calculated rate of flow from the landfill te site 3, 85 days are re-
gquired for contamination to reach well 3A. ERlevetion of the perched-
water table fluctustes as much &g 7 feet annually (Table 3)., During
the spring snd summer of 1972 perched water in well 3A was at eleva-
tiong of 627, 624, 621, and 620 feet from June 1 to August 17.

Although perched water was not present ab uplend sites during

drilling, it should occur. Precipitation should infiltrate the
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surface soll and loess and percolate downward untlil the less per-
meable silt and clay are reached. Direction of flow ghouléd parellel
the hillé&ope along this less permesble sgubsurfece contact, and this
water will eventually drain into the wvalley-fill sediments or into
the intermlttent drainageways.

Priocr to landfilling, surface wabter was gupplied by runoff and
lateral flow of stubsurface water down hillslopes into the tributary
drainageways. One bribubary hesds west of the landfill bubt crosses
the southwest corner of the landfill site, AlL water from the ftri-
butaries collects in an artificlal drainsge ditch on the north side
of and parallel to Anderson Road (Fig. 1). The ditch then passes
under the road thirough a culvert nesr gite 8 and flows south into

Baanblossom Creek.

Landfill Design. Lendfilling wvwtilizes the trench and ares

methods (Beam et sl., 197L) end began in January 1972 end is con-
tinuing at the present time. The trench method 1a used mainly on
the uplend interfluves (Fig. 4). Trenches 25 feet wide and sbout

15 feet deep are excavabted the entlre length of a zone. Scolid waste
is dumped, spread, asnd compscted in thin layers. The next adjoin-
ing trench ip excavated gimultancously and gpoil from the gecond
treach is spread and compacted over golid waste in the flrst trench
end gc on.

The area method of operation ls used to £ill the tributary
valleys and congists of spreading solid Wgst@ in thin compacted
layers 50 feet wide in designated zones (Fig. 4). Cover material
ig provided from excess sarth of the trenches and from the area zones.
Top soil s stripped from the uplands and stockpiled for later use as

the finel cover.




1h

FH0J SNONNILNGD
TI38 T3A3T d3LvK

TI3K 13437 ¥ILVM
FALITND ¥3LvM

00V NIWY
LIS FTdYS 30vdEns

T OALMOOD FUSROW S0 IV ENOZ

05

LG

THIGNYT ALN

¥ FTrTTreTR

(103 S0UNOW




15

Durdng trenching snd £illing the base of the garbage is brought
nearey ﬁhe higher water table under the upland summits. During ares
f11ling the waste is du&ped on the original velley slopes and bottom
which become & buried land surface. Hence, the uplands are progres-
sively lowered at places and the valleys wmre builli up through time.
After an estimated 10-year life, the original landscape will be re-
modelad to essentlally cne continuous hillslope that descends from
an elevation of 71k feet at the norithwest corner of the area south-
eastward to 610 feet on the former valley bottom (Fig. 5, cf. Fig. 1).
The base of the interbedded waste and earth will be undulatory--higher |
under former uplends end lower on former valley bobtitoms.

Changes 1n the landscape caused by lendf1liling may cause some
pronounced chenges in the hydrologic reglme of the area. After the
uplands are trenched and lowered, the base of the trenches will be-
in the less permeable silt and clay. During and after filling of the
trenches by wasbte, precipitation will infilirate and be trapped in
the Fill which has greabter porogity and permesbility than the silt
and clay. As more than 70 percent of solid waste ig paper and re-
lated organic products (Steiner st al., 1971), and as the field
moisture of such materials averages sboub b percent while the field
capacity i about 29 percent by volume (Remson et al., 1968), a
large velume of moisture may be contained In the solld waste. After
field capacity ils reached, free water will accumulate in the filled
trenches snd willl become svallable for movement. After sufficlent
head is reached, leachate should seep downward through the bottiom

and laterally through the walls of the trenches.
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In the original velleys filled with waste by the area method,
water will infiltrate the final so0il cover mnd accumulate in the waste
sbove the buried land surface. Ultimately, leachate will seep downward
to the original water teble and laterally down ithe waste-buried valiay.

The amount of itime required for the waste to become saturated and
for seepage teo begin may be estimated. During & year the amount of

water infiltrating the completed £ill may be approximated by:
I=P? - EF - R

vhere I is infiltration, P is precipitation, BI is evapotranspiration,
and R is runoff--all in inches/year.
Precipitation is 44 inches annvally (Table 2). ET estimated by

the Thornthwaite method (Taylor and Asheroft, 1972) is:

- o1.6 L0.T) -

I

=
1
t

where ET 18 evapofranspiration in inches/month; T is the mean monthly
temperature in OC; I is the annual heat index calculated from the mean
temperature for each month; and & is a constant based on I. Both I and
a vary little for a'given location. Potential BT ig calculated for
each month using the 1973 temperature data for Bloomington (Clima-
tological Data, vol. 78, nc. 13). The individual monthly vaiues are
csummed to obtaln the yearly estimate of 20.4 inches.

Runcff may be estimated from scil-ercsion studies. Burface
runcfft and scoil ercsion are related since there can be no erosion
without runoff. According to the universal soil-loss equation

(Wischmeier and Smith, 1965) soil erosion per unit area (A) is

dependent on several factors including erosive power of a glven
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rainfall (R), erodibility of the material (K}, length (L) and gradient (G)

of the slope, a cropping-mansgement factor (C), and a factor (P) relat-
ing to erosion-zontrol practlces such a8 terracing, contouring, ete.

If two areas are simller with respect to the different components

off the soll-loss equation, then similar runoff and ercsion should
resulid.

In 1965 a loess-covered wshershed in Iowa planted in brome grass
had 4.3 inches of precipitation that produced 4.6 inches of surface
runoff {Saxton et al., 1971). The Monrece County Llandfill receives
gbout 4h inches of precipitation annually (Table 2). 8o, in com-
paring the two areas, the R factor in the soil-loss eguabtion should
be about the same. The vegetation (grass) and surface materials
(loess) are similarﬁ 50 the C and K terms should be similar. Neither
area is contoured or terraced so the P factor should be about the
same. The slopes in the Towa study were 2 to b percent on the ridges
and in the valleys and sbout 10 percent on the valley sides. The
final hillslope at the landfill will have a gradient of gbout 6 per-
cent. Although slight differences occur between the Towa model and

the landfill, the estimate of k.6 inches of runoff is reasonable

for the landfill.

Congeguently, the amount of infiltration Iin the solid waste of
the landfill is about 19 inches annuelly, that is, kb (P) - 20.4 (ET)
- h,6 {(R). A one-foot layer of waste contains about 0.4 inches of

water and may hold as much as 3.4l inches at field capacity (Remson

et al., 1968). Thus, 2.98 inches of precipitation are nesded to bring
each foot of garbage to fleld capacity. In a trench 15 feet deep,

L7 inches of water are required to wet all golid waste in the



tyrenches to field capacity. At an Infiltratlon rate of 19 in/yr,
field capacity should be reached in slightly less than 2% years.

The weﬁting of waste has been cobserved in the Columbus landfill,
degscribed later in this repori. Wabter level was cdbserved in a well
bottoming in the fine-textured sediments at the base of the waste
fill, Free woter sppeared in the observabtion well sbout 16 months
after filling began. Almost L8 inches of precipitation had accumu-
lated and sbout 15 feet of uncovered waste had been filled. I
field capacity hed been reached at the time when free water appeared
in the well, each foot of waste had asbsorbed 3.2 inches of water.
The Lé-month wetting time may be somewhat rapid, because the waste
at this lendfill was uncovered.

After field capacity is reached at the Monroe County lendfill
in 2% to 3 years, additional infiltration should cause saturation
of the £illed trenches. The time reguired for saturation alsc nmay
be estimated by calculating the amount of water to fill all veoids
in the waste. Porosity (P) may be calculated as (Wisler and Brater,

1959):

Where SW is specific weight in 1b/Pt>, and D is density in 1b/£t”,
The density of dry waste is sbout 17.6 l'b/f't3 (Fungaroli and Steiner,
1968), The specific weight is about 79.3 ILb/ft3 for ordinary waste
that contains about 78 percent paper and organic products, 6 percent
metals, and 8 percent each of glass and dirt, rags, rubber, leather,
ete. (Calculated from Fungaroli and Steiner, 1968). Thus, each

cubic foot of waste should have about 0.78 fﬁ3 of pore space.

19
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As the trenches contain 15 feet of waste, saturstion of all voids
will require about LU0 inches of water. As effective infiltration is
about 19 inches per year, the waste should be saturated in about
8 years after field capacity ils reached in 2% yenrs.,

At any time that sufficient head is created by partial or complete
saturation of & trench above its base, seepage may occcur downward to
the main ground-water zone. In the completed fill at site L (ef.
Figs. 1, 3, end 4), the base of the trench will be about 7 feet
above the original water table. Seepage from the brench should be
transmitted through the intervening silt and clay, whose permesbility
is 0.047 ft/day, to the ground water in about 5 months. Thus, the
minimum time for trench effluent to enter the ground water is about
3 years, that ig, 2% years to reach field capacity in the w&sie plus
the B-month travel time through gilt and clay.

in the areas filled by the aree method in the original velleys
(cf. Pigs. 3 and 4), similar hydrologic conditicns should develop.

In esddition, the original land surface that iz converted to a buried
surface by landfilling, probebly will cause latersal seapage down the
axis of the buried valley. Seepage of landfill effluent was obgerved
and mesgured neer the periphery of landfill zone 3 (Fig. 4) during
the spring and early summer of 197h,

After completion of the landfill, the water table of %he main
ground-water zone ultimately will rise above its original position
(Fig. 3) and subparallel the contours of the completed hill (Fig. 4).
Flow paths and hydresulic gradients will be altered congiderably and
be directed toward the valley of Beanblossom Creek and the surfece

drainsgeways on the valley flat.




Water Quality. To evaluate the impact of lendfill on wabter

quality of the surrounding area, observation wells were installed
sround the perimeter of the designed completed landfill (Fig. 5).
Tn sddition, surface-water obgervation sltes were selected along
drainasgeways within and beyond the Limits of the designed landfill,

Ground-water wells 3B, 4, 6, and 8 are located around the peri-
phery of the planned final contour of the site (Figs. 1 and 5).
Thege wells are bottomed on bedrock snd are perfeorated to intercept
the entire water column of the aguifer. I ground-water contamina-
tion ig taking place at a site, 1t should be possible to detect it
at these wells.

4 shallow well {3A) intercepts the perched-water zone in the
valley fill and is near the active landfill areas in zones 2 and 5
(Fig. 4). This well collects water thabt accumulates in the gravel
layers and 1s bottomed in the silt and clay.

Surface-water sampling sﬁations are in drainageways at points
where leachate seeps from the landfill so that the chemical nature
of the effluent may be debermined. Also, samples are taken ab
different distences downstream to obgerve the dilution of the
leachate with relatively uncontaminated wabter. Raw leachate seep-
ing directly from the fill is sempled at gite C (Fig. L). It is
sempled at site D after leachate has been channelled through a
series of settling ponds. Site T is in a drainagewsy near the toe
of the F£ill that has burled one of the previous tribubtary valleys.
Water is sampled in the drainage ditch alonmg Anderson Road (site G).
Samples are also teken 700 yards downstreem from site G abt site H

which is south of the culvert where the stream passes under the road.

2L




Control wells are at gite 9A for perched water in the valley and
site 9B for the mein ground-water body. These two control wells are
in lendfill zone 5 (Fig. 4) which hag not been filled. Surface water
control site A is in a drainageway west of the landrill (Fig. 1).
Control site F i in a small first-order watershed that has had no
landfilling.

Water samples are analyzed for K, Ca, Mg, Ne, Fe, HCO,, CL, Pou,

3
SOLLB NOSB ele;trical conductivity, (total dissolved golids, TDS), and
herdness. Analyses from observation sites are compared to control gites
and any water quelity differences are then evaluated.

Means and standard deviatlons are calculated for all chemical con-
stituents of samples from the control stations. Significant differences
are bested by using the "student's £" distribution at confidence limits
of 95 and 99 percent (Hoel, 1966). If the concentration of any consti-
tuent in a sample from en observatbtion well or surface-water site on a
given date exceeded the mean plus thé confidence deviation of a sample
from the control site, then that value was considered significantly
different from the control value.

Variabllity of the chemistry of the natural ground water is repre-
sented by samples from contrcl well 9B (Taﬁle k. Samples of waber
possibly contaminated by leachate from the landfill (wells 3B, 4, 6,
and 8) compared to the control gives the number of times the individual
constituents differed significantly from control values (Table 5),

For 12 parameters among water samples from the Y4 perimeter wells
collected on & dates between February 1 and August 9, 1974, only 8 of
208 items differed significantly at the 95 percent confidence level

from control-well water. None differed significently at the 99 percent
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TARBLE L. Variebility of Water Chemistry for Control Well 9B, Monroe County

Tend 41l Ground Weaber®

Maan Std. Dev. Range Confidence Limit
Parameter 959 95%

(opm) (ppm) {ppm) (ppm) (ppm)
Potassium 2.6 0.7 1.6 - 3.6 4.1 5.0
Caleium 5L.7 6.k L, 7 -« £L.0 65,3 Th, 1
Msegnesium 20.2 8.5 4,6 -~ 27.5 38.3 Lg,7
Soddum 15.0 Lk 10.0 - 22.k 2l b 30,4
Iron 0.6 0.3 0.0 = 1. L2 1.6
B.A. ¥ 221 .6 b5, 2 132.1 - 2h9,7 318.0 379.6
Chloride 25.8 2.3 oh.5 - 27.9 30.7 33.8
Phogphate 0.0 0.0 0.0 - 0.1 C.0 0.0
Sulfate 62.6 33.k £21.3 - 115,5 133.8 179.3
Nitrate 1.6 1.1 0.6 - 3.0 3.9 5, b
™S 26,5 1h,1 25¢ - 285 295, 1 314.3
Hardness 221.1 29,0 205,7 - 250.6 282.,9 392.5

#8ix samples were analyged.
#¥B31icarbonate Alkalinity.

level, There lg no uniform pattern that shows greater concentrations
of ceritaln chemical copstituents in perimeter wells than in control
wells. Calcium, potassium, and phosphate were each greater on zZ OCCE~
sions, and nitrate and total dissolved solids were greater on one

date each. But in 280 of the 288 chemical analyses, water from the
perimeter wells did not differ significently from control-well water.
Leachate from the landfill has not infiltrated the perimeter maln

ground-water body.
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TABIE 5. Frequency of Significant Diffferences in Crouwnd Water Compared
to Control Well oB.%
Peraneter Well 3B Well b Well 6 Well 8
95% 9%  9sh 9% 95%F 9% 95%  99%
Potassium 0] s, 0 o] O 0 2 0
Calcium O C 1 0 1 QO o] 0
Magnesium 0 0 o 0 ¢ 0 0 0
Sodium 0 0 0 0 0 0 0 0
Iron 0 0 0 0 0 0 0 0
B4, R 0 0 0 0 O 0 0 0
Chloride 0 0 0 0 D o) o 0
Phosphate k3 o] 1 0 0 0 0 o
Sulfate C ¢ 0 0 G G C 0
Nitrate 0 0 0 ¢} 1 G 0 e}
TDS 0 0 L O 0 o 0 0
Hardness 0 o] 0 0 0 G 0 0

*S1lx samples were analyzed,
¥*Bicarbonate Alkalinity.

The same procedure was used to evaluate water-quality differences

in the perched water,

Water from well 3A was compared to water from

control well 9A (Tables 6 and 7). Among 48 analyses only 2 differed

significantly from control values.

concentrations on one date each,

Nitrate and phosphate had higher

As in deeper ground water, perched

water near the perimeter of the Monroe County landfill ig not infil-

trated by leachate at the present time.




TARLE &, Variability of Water Chemistry for Control Well A, Monroe
County Landfill Perched Wabter#

e s
s et

Mean Std. Dev. Range Confidence Limit
Parameter 95% 9%

{ppm) (ppm) {ppm) (ppm) {ppm)
Potassium 8,0 1.1 7.1 - 10.0 10.3 11.8
Calecium 2.k 0.9 1.0 - 3.7 4,3 5.5
Magnesium 6.2 1.6 3.9 - 8.2 9.6 11.8
Sodium 15.7 3.8 1l.b4 - 22,k 23.8 20.0
Iron 0.8 0.3 0.0 - 1.0 1.h 1.8
B.A¥¥ 30.5 10.7 15.6 - 41.6 53.3 67.9
Chioride 1,1 2.4 11.6 - 17.5 19,2 22.5
Phosphate 0. 0.1 0.0 - 0,5 0.3 0.k
Sulfate 53.8 hp,5 28,1 - 138.9 bl 202, k4
Nitrate 0L 0.b 0.0 - 1.0 1.3 1.8
DS 79.5 6.6 75 - 88 93,6 102.6
Hardness 33.5 8.7 20,2 - k2.3 52,0 £3.9

*Six samples were analyzed.
*¥Ricarbonate Alkalinity.

TARIE 7. Frequency of Bignificant Differences in Perched Water Compared
to Control Well QA%

Parameters Confidence limits
95% 9%
Well 3A
Potagsium 0] QO
Calecium 0 0
Magnesium 0 0
Sodium 0 ¢
iron G O
Bicarponate Alkalinity O 0
Chloride G C
Phosphate Q 1
Sulfate O O
Nitrate O 1L
TDS O O
Hardness 0] 0

*Four samples were analyzed.
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To evaluate the effect of landfilling on the quality of water in
the streams,.water samples takén from within and downflow from the
landfill were compared to waber from control site A (Table 8). The
number of times the observed values in the surface sites exceeded the

confidence limits set by control site A are iListed in Table G.

TABIE 8. Variability of Water Chemlstry for Control Site A, Monroe County
Landfill Surface Water

Mean otd. Dev. Range Confidence Limit
Parameter 95% 999,

(ppm} (ppm) (ppm) (pom) (ppm)
Potassium 2.4 0.5 2.0 - 3.4 3.4 4,0
Calcium 10.2 4.3 2,1 - 1L.1 18.9 23.8
Magnesium 6.5 0.9 5.4 - 7.4 8.3 9.3
Sodium 5.8 1.5 b0 - 8.1 8.8 10.5
Tron 0.2 0.2 0.0 - 0.6 C.5 0.8
B,A, %% 31.1 12.1 13.5 - Lok 55.5 69,4
Chloride 13.3 3.7 11.1 - 16.4 20.8 25.0
Phogphate C.1 0.2 0.0 = 0.3 0.5 0.7
Sulfate 29,9 5.5 0.0 - 48.2 41.0 7.3
Vitrate 2.1 1:5 0.2 - 7.6 5.1 6.8
DS 65.9 10.1 8 - 79 86.3 97.9
Herdness 48,0 13.3 34.3 - 60,4 74,8 90,1

*Beven samples were analyzed,
*¥F[icarbonate Alkalinity.

Among 7 samples from site C (the raw leachate} collected between
March 5 and June 7, 1974, results of 82 of 84 chemical analyses differed
significantly at the 99 percent conf'idence level from control values.

Phosphate content wag within control limits on 2 dates. Some cone
centrations of chloride, sodium, and TDS were 50 times greater than

control values. A% site D the effluent from the settling ponds differed




27
significantly at the 99 percent level from contrel wvalues in 81 of 84
analysges, Concentrations of ircn in 2 cases and phosphate in one case,
were within the control limits. On many occasions, chloride, sodium,
magnesium, alkalinity, and TD8 were at least 30 times greater than
control values. Analyses of water from site E, geepage from solid
waste buried in a drainageway, differed significantly at the 99 per-
cent confidence level from control values on 62 of 8L occasions.
Concentrations were considerably lower than st gltes C and D, and
generally were between 2 and 10 times greater than control values

for all constlituents except iron and phesphate.

TABLE 9. Frequency of Significent Differences in Surface Water Compared
to Contrel Site A%

Bite C Site I Site B  Bite F  Site G Site H¥*

Peraneter 95% G9% 958 oo O5%  Goh 954 o9% 95T Oof O5% o9
Potassium 0 7 0 7 1 b0 0 1 2 0 1
Caleium O T 0 7 O 7 0] 0 L 3 O 0
Magnesium 6] 7 0 7 0 v 0 O 2 3 0 1
Sodium 0 7 0 7 0 & 1 11 5 0 1
Iron G 7 O 5 1 2 O 1 0 5 0] 1
BLA# 0 70 70 7 0 0 L 2] 1 1
Chloride O 7 0 70 70 o 2 1 0 1
Phosphate 0 5 0 6 0 30 O 1 0 ¢ 0
Sulfatbe 0 7 0 7 1 - o 1 L 0 1
Nitrate 0 7 0 70 10 c 0 O 0 o
DS 0 70 70 70 0O 2 5 0
Hardness 0 70 Y0 70 o 0 6 O 1

¥Seven samples were analyrzed,
*¥Tywo samples were analyzed.
#Bicarbonate Alkalinity.

Samples taken from site F, currently beyond landfill operations,

differed significantly only 2 times at the 99 percent level and Y4 times
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at the 95 percent level. The 4 instances that were beyond confidence
limites included sodium on 2 occasions and iron and sulfate on one date
each., Contents at site ¢ differed significantly From control values
36 times at the 99 perceat level and 51 times abt the 95 percent level,
but in most cages, were either very closely approaching the upper con-
fidence limit or were within control limits. The dilution of the
landfill effluent with a much larger volume of relatively clean water
is evident from the 2 analyses st site T which is 700 yards downstream
from site G. Among 2L items 8 differed significantly at the 99 percent
confidence level and 9 at the 95 percent level.

In the surface waters concentration of chemical constituents
decrease with increasing distance from the source of contamination,
For example, amounts of chloride, total dissolved solids, and sodium
which are éensitive indicators of landfill effluent (Andersen and
Dornbush, 1967), decrease with increasing disbance from the landfill
source ab site C (Fig. 6). 1In this case, ion concentrations return
to near natural values sbout 1200 feet from the source. Contamination
is greatest near the landfill (site ¢), then decreases (sites D and E),
but where the water leaves the landfill area (site G} it is still
contaminated. Downstream at site H, however, the water chemistry
ig about normal for natural conditions. Therefore, water entering
Beanblossom Creek is not seriously affected by landfill leachate

at the present time.
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Summary of Analysis. (1) The hydrologle system at the Monroe

County landfill has three components: {a) a main saturated zone that
oceurs in and just above bedrock under the uplands and in silt and
clay in the valley-fill sediments, (b) a perched saturation zone in
gravel that is interbedded in silt and clay sbove the main saturation
zone in the valley, and {c) gurface water in intermittent streams that
drain the landfill area.

(2) At the present time, no significant change has occurred in the
chemistry of ground wster in the main saturated zone or perched-

water zone peripheral to the landfill, Significant contamination

of the main ground water in the near fubure is not anticipated,
because permeability of the containing sediments is Q.0LT ft/dayn

The perched water may become contaminated as the permeablility of

the containing gravels is many magnitudes greater, being 4.1 ft/day.
l(3) Surface water in the streams that drain the landfill 18 cur-
rently contaminated by effluent many orders of magnitude greater

than the natural chemical composition. Contemination decreases with
distance in the drainage system from the perimeter of the landfill.

At present, the surface water 1s diluted tc normal compesition prior
to entering Beanblossom Creek.

(k) During construction of the landfill through its estimated 10-year
life, the original landscape will be remodeled to egssentially one con-
tinuous hillslope. The gechydrologic system will be altered with an
ultimate rise of the water table above its original position under

the hill and with flow paths directed toward the valley of Beanblossom
Creek along steeper hydrsulic gradients. Increased contamination can be
expected in the subsurface, particularly in the perched ground water, and

increased seepage and contamination can be expected in the surface water.




31

Brown County Landfill

Topography. The Brown County landfill is located ebout one

mile northeast of Helmsburg in the western half, SE%, Sw%j section 23,
T. 1O0N.; R.2%. The ares ig sltuated on & local topographic high

70 feet above and on the eastern valley glope of Dunnaway Creek

which is a major tribubary of Beanblossom Creek (Fig. 7)., 'The land-
fill site cccuples 20 amcres, bub legs than 2 acres have been used
since filling began in 1972, The site has two interfluves with
noge-glope gradlents of sbout 2 percent and side-slope gradients

of 8 percent descending to first- and second-order drainageways.

Thege drainegeways have incised Borden siltstone and descend to

the main valley along gradientﬂ of 5 to & percent,

'Stratigraphy and Surficial Deposits. 8Six continuous cores

were taken from one interfluve where all‘trench £1i1ling has been
done (Fig. 7). The Borden siltstone bedrock (Wier and Gray, 1961)
iz 9 to 12 feet below the ground surface under the interfluves.
Bedrock ocutcerops on valley slopes that descend fte the bounding drain-
ageways., At drill sites 1L to 5 a zone of weathered siltstone con-
taining a fairly well-developed paleosol is immediately above bedrock.
The weathered bedrock is & to 9 feet thick, and the solum of the
paleosol is about 4 feet thick. ¥xcluding the palecsol, weathered
bedrock contains 60 to 72 percent silt {Table 10). The paleosol
A and B horizons have, 58 and 45 percent silt, reapectively; the
corresponding clay contents are 33 and 47 percent,

At site 6 near the eastern boundary of the area, a weakly de-

veloped paleosol is formed in Tllinodian glacial till (Wayne, 1958).
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Figure 7. BROWN COUNTY LANDFILL

8 SURFACE SAMPLE SITE b
s s \\ O\
NN
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The C horizon of the paleosol contains 40 percent silt and less then
20 percent clay. The B horizon of the buried soil contains about

38 percent silt and 33 percent clay.

TABIE 10. Particle Size of Sediment at Sites 1 and 6

Tepth Material Sand gilt Clay

(£t) (%) (%) (%)
Site #1

0 - 2 Loess 4,8 7.9 23.3

2 - 3.5 Ab horizon, paleosol 9.1 57.9 33.0
3.5 « 6 Bb horizon, paleosol 7.9 L. g u7.2

& -8 Weathered bedrock 5.2 71,1 oL, 6
Satewﬁé

O -2 Loess 5.0 68.5 26.5

2 -k Ab horizon, paleosol 27 A4 55.3 17.3

h -7 Bb horizon, paleosol 28.1 38.7 33.2

7 - 10 Till hi.h 39.8 18,7

The surface deposit on the upland is a silt loam Wisconsinan
loess, 2 feet thick, that contains 70 percent silt and 2% percent
clay (Table 10). Generalized stratigrephic sections at sites 1 and
6 are given in Fig. 8. Cincinnati soils are dominant on the gently
sloping uplands at the landfill site and are formed in the loess
and the underlying substrata (Agric. Exper. Sta./Coop. Exten. Serv.,
Purdue Univ., 1971L). In similar soils formed in thin loess over
siltstone substratum, cation exchange capacities are 10 to 25 me/

100g (Scil Survey Invest., Rept. 18, 1967).
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- Figuve 8. GENERALIZED SECTION DESCRIPTIONS

Site | Sita 6
{Elev, 722.1%) (Elev. 750.3%)
womn () ()
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waathered In
0 bedrock = {111noian
11
weathered
bedrock
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si{tstone
10 =10 |1 11nolan
11
Borden
siltstone

Hydrology. Prior to construction of the landfill, ruﬁoff from
the interfluves flowed down side slopes and collected in the tributary
drainageways which, in turn, descend to Dunnaway Creek. No ground
water was encountered during drilling in the late summer months of
1972 when rainfall was sparse. During the wet spring months of 197k,
however, the intermittent drainageways continued to flow for several

days after all surface runoff had stopped, This base flow is apparently
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from infiltrated water thai flows laterslly 1n the subsurface.
- This. lateral hillslope seepage 18 the sole supply of water to the
drainageways during pericds of no surface runoff.

Annual rainfall at the Brown County landfill is U42.7 inches.
Potentlal evapotransplration, determined by the Thornthwaite method
(Teylor and Asheroft, 1972) is 20.8 inches annually. If estimated
surface runoff is 4.6 in/yr as at Monroe landfill, then 17.3 incheé
of water are avallable for infiltration each year.

From the previous calculations that about 3 inches of water are
required to bring a one-foot layer of waste to field capacity, about
30 inches of water are needed to wet the waste of a trench 10 feet
deep. At the infiltration rate of 17.3 in/yr, about 20 months are
needed to bring the waste of the filled trench to fleld capacity.

The time required for effluent to seep laterally to the drain-
ageways may be estimated from the permesbility of the weathered bed-
rock (0.27 in/hr or 0.54 ft/day by leboratory permeability test).

The southern end of the dry-weather trenches are sbout 50 feet from
the tributary drainageways (Fig. 7), so at least 92 days are required
for travel time. Seepage from the trenches may appear in the drain-
ageways in ebout 2 years.

The drainageways on both sides of the interfluve have been dammed
at sites D and E. During periods of excessive runoff from the landfill,
the settling ponds become full and overflow. Effluent from these ponds
flows west and into Dunnawey Creek. The discharge from the landfill
area is relatively small compared to total flow of Dunnaway Creek

and is ugually less than 10 percent (Table 11).
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TABLE 11. Discharge at Bites D, E, and G.(cfy)

Date Site D¥ Site E¥ Site Gw
3/15/7h 0.2 0.1 12.3
L/8 1.1 0.5 166.2
5/15 0.2 0.1 114
5/23 0.5 0.1 12.3
5/30 0.3 0.1 20.7
6/7 0.1 .1 7.0
6/ 2k 0.01 0.0k 8.3
7/11 0.02 0.02 2.0

*Zettling pond.
**Dunnaway Creek,

Landfill Design. Operation of the Brown County landfill began in

June, 1972, and currently utilizes both the trench and area methods. In
dry weather trenches 20 feet wide, 10 feet deep, and 150 feet long are
excavated on the interfluve paralleling the northern boundary of the
landfill. Since operations began, 7 trenches have been filled during
the summers on the western end of this interfluve (Fig. 7). During
the winter of 1972-1973 trenches were also filled at the eastern end
of the same interfluve. There, 6Itrenches were 20 feet wide, 8 feet
deep, and 100 feet long.

The original operation plan called for only trench filling between
the ravines (Regional Services Corporation, 1971), but procedures now
include area-method f£illing during wintermonths (R. J. Wigh, personal
communication, 1973). Wet-weather filling during the winter of 1973
1974 was also done in an excavated cavity 20 feet deep and sboub 110

feet wide at the head of one drainageway (Fig. 7). Waste was dumped
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from a ramp, spresd, and compacted, and was covered by earth daily.
This srea~fill contains sbout 25 feet of interbedded solid waste
and ea?th, The final cover has a 5 percent slope down the drain-
ageway to the west.

During dry-weather operation, the entire interfluve will be
£i1led in a series of parallel trenches. Af the prezsent rate of
£11ling, the northern interfluve will be used for at least 5 more
years. Wet-weather filling will continue downvalley in the draln-
ageway for 2 or 3 years {T. V. McGuire, operator, personal communi-
cation, 1974},

Water Quality. As current seepage is mainly from the area fills

at the head of drainagewsys, water sampling for possible contamination
was focused on surface-wabter sites downslope. In the drainageways
sites A and B are control stabions on the respective southern and
northern sides of the interfluve (Fig. 7). Leachate seeping from

the winter-fill ares is sampled at site C but is diluted by control
water from gite A which then collects in a setiling pond. Outflow
from the settling pond is sampled at site D. Site B is & control
station, and overflow from the settling pond is sampled at site E.
Effluent from the two settling ponds flows west and drains into
Dunnaway Creek.

In Dunnawaey Creek the control station 1lg site F which is up-
stream from the landfill, Site G is downstream and should measure
any landfill effluent. Site H half a mile downgtream from site G
may show the effects of an intervening large-scale cattle-feeding

operation along Dunnaway Creek.
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As at Monroe landfill, comparisons were made of the water
chemistry between possibly contaminated samples and control samples.
Nine sets of samples were collected and analyzed for the period
March 5 through July 11, 197h4. A total of 108 analyses were per-
formed on samples from each.of sites ¢, D, B, and ¢ and were com-

pared to control samples (Tables 12, 13, 1k, and 15).

TABLE 12, Varlability of Water Chemistry for Control Site A, Brown County
Landfill Surface Water #

) Mzan Std. Dev, Range . Confidence Limits
Parameter (ppm) (ppm) (ppm) 95%(ppm)  99%(pom)
Potassium 3.1 1.6 1.6 - 6,3 6.1 7.6
Calcium 14,2 4.9 7.8 « 19.2 23.5 8.1
Magnesium 7.1 2.6 3.4 « 10.9 12.0 1h.5
Sodium 6.5 3.1 1.5 - 10.6 l2.b 15.3
Tron ¢.8 0.4 0.3 - 1.5 1.6 1.9
BLA,*% 45,0 7.9 37.4 - 58.8 60.0 o7k
Chloride 15,5 Loh 9.1 - 23,6 23.8 28.0
Phosphate 0.1 0.2 0.0 « 0.5 0.5 0.7
Sulfate 20.4 5,6 7.8 - 27.3 31.0 36,3
Nitrate 0.8 0.6 O - 1.2 1.9 2.5
TDS 75.1 h.g 68.0 - 82.0 8.4 89.0
Hardness 64.8 12.7 7.6 - 89, 88.9 100.9

*Nine samples were analyzed.
#¥Bilcarbonate Alkalinity.

Samples from site C differed significantly from control valves in
72 and 76 analyses at 99 and 95 percent confidence levels, respectively.
Chloricde, TDS, alkalinity, and hardness differed gignificantly from
control values at the 99 percent level on each of the 9 sampling dates.
The parameters that differed significently at the 95 percent level on

the fewest dates were: iron (4), nitrate (3), and phosphate (1).
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TARLE 13, Varilsbility of Water Chemlsgtry for Control Site B, Brown County
‘ Landfill Surface Webter¥ '

b
ot

Mean 5td. Dev. Range Confidence Limits

Parameter (ppm) (ppm) (vpm) 95%(ppm)  99%(ppm)
Potassium 5.l 1.5 2.2 - 8.0 8.7 10.5
Caleiun 11.0 L,o h,e - 16.0 19.0 22,9
Magnesium 7.0 2,8 1.9 - 10.3 8.9 15,0
Sodiwm 7.0 1.6 2.2 - 1hk.0 1k, 0 174
Tron 1.1 0.5 0.8 - 11.9 2.1 2.6
BLA, ¥ L. 8 8.8 35.0 - 62,4 61,5 69,8
Chloride 16.2 L.3 Tol = 21,1 2,3 28,4
Phosphate 0.0 Q.1 0.0 -« 0.2 0.2 0.3
Sulfate 25,3 7,5 i5.5 - 37.8 39.5 L6, 6
Nitrate 1.5 2.0 0.1 - &,6 5.3 7.2
TDS 80.0 10.5 68 100 99,9 109.8
Hardness eli,2 10,5 50,2 - 80.2 8L, 1 94,0

¥Nine samples were analyzed.
*¥Bilicarbonate Alkalinity.

TABLE 14, Variability of Water Chemistry for Control Site F, Brown County
Landfill Surface Waber

Parameter Mean Std. Dev, Range Confidence Limits

(ppm) {ppm) (ppm) 95%(ppm) 99%(ppm)
Potassium 2.3 0.3 1.8 - 2.8 2.9 3.2
Calcium 8.6 3.3 5,1 - 14k 1h.9 18.0
Magnesium 6.2 1.5 3.6 - 9.k 9.0 10,5
Sodium 6.0 2,2 3,9 = 10.3 10.2 12,3
Tron 0.kt 0.4 0.0 - 0.8 1.2 1.5
B A,¥¥ 29,5 1 20,1 - 57.2 56,9 69.6
Chloride 10.1 3.1 h.6 - 15,6 16.0 18.9
Phosphate 0.0 0,0 0.0 - 0.1 0.0 0.0
Sulfate 32,9 5.0 27.3 ~ 38.2 o, b L7l
Nitrabe 0.6 0.5 0.5 - 2.5 2.3 2.9
TDS 67,1 11.7 52 - 88 89.3 100.3
Hardness 49,8 1Lh 30,1 - 64,1 173k 8e.2

*Nine samples were analyzed.
*¥Bicarbonate Alkalinity.
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Fregueney of Slgnificant Differdnces, Brown County Surface Waber#

Mean Std. Dev. Range Confidence Limits
Parameter
{ppm) (ppm) (ppm) 95%(ppm)  99%(ppm)
Site ¢ Site site BV gite ¢°  site H®
95% 99% 95% 99%  95% 99% 95% 99% 95% 99%
Potassiun L 5 0 1 0 0 0 0 0 0
Caleium 0 6 0 l 1 0 0 0 0 O
Magnesium o T 0 2 2 O 0 G G 0
Sodium O 7 i 2 1 0 0 0 O 0
Tron 3 1 0 5 0 & 0 0 0 ¢}
BA,#* ¢ 8 2 L 0 3 0 o 0 0
Chiloride O 9 2 L O 0 ¢ 0 0 Q
Phosphate 0 1 O i 1 0 0 0 0 0
sulfate 0 & 2 6 1 o] 0 0 0 0]
Mitrate G 3 0 0 G 0 0 C G O
TDg g 0 9 0 6 0 0 b2 0]
Hardness 0 9 2 3 0 1 O 0 0 o
*Nine samples analyzed -- only b at site H.

*¥Bicarbonate Alkalinity.

#oontrol was site A.
QControl was site B.
Control was gite F.

Analytlcal values of gettling-pond effivent at site D differed signi-
ficently from control values 38 times at the 99 percent confidence level
and 47 times at the 95 percent level., Total dissolved solids differed
significantly from control values 9 times and sulfate differed slgnifi-
cantly 6 times at the 99 percent Level. Chleride differed significantly
only one time at the 99 percent level and 3 times at the 95 percent level,
and godium differed significantly 2 times at the 99 percent level and
3 times at the 95 percent level.

At site E values differed significantly from control values 16 times

at the 99 percent level and 22 times at the 95 percent level. At the 99
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percent level, TDS differed significantly from control values 6 times,
and bicarbonate alkalinity differed significantly 3 times. All other
velues, except those for iron, differed gignificantly 2 times or less
at both confidence levels.

Smmples were taken upstream and downstream from the Junction
where drainage from the landfill enters Dunnaway Creek (Fig. 7).
Samples from downstream sites G and H were compared to control values

from site ¥, eand little if any differences exist (Tables 14 and 15).

Summary of Analysis., (1) The original hydrologic system in the

landfill area consisted of two components. (a) Surface runoff from
interfluves flowed down side slopes to drainsgewsys and in turn,

to Dunnaway Creek. (b) The water table of the ground waber was
well below the bottom of landfill trenches during the dry season,
but lateral subsurface seepage contributed basge flow to the drain-

sgeways during the wet season.

(2) Currently, effluent is mainly from the wet-weather landfill
weste at the heads of the drainageways. This seepage contaminates
surface water downslope and in the leachate ponds farther down
valley. Dunnaway Creek, which recelves overflow down valley from
the ponds, is not being contaminated by leachate ab the present
time. The trench-fills on the interfluves are not contributing
significant amounts of contaminents either in runoff or in sub-
surface seepage.

(3) During future operations, buildup of the wet-weather landfills

in the drainageways mey increage discharge from the waste down

slope to the leachate ponds and beyond to Dunnawey Creek. Although
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travel time of subsurface seepage from satursted trenches to the
drainageways will be about 2 years at the rate of about % ft/dayg
adsorption of cations by the soils (CEC of 10-25 me/100g) should

slgnificantly decrease transmission of contaminents through the

subsurface,
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Columbus Municipal Landfill

Topogrephy. The Columbus Municipal Landfill is located at the
southeastern city Limits in the S%g sWE, SE%3 section 30, T.9N.,
R.6E. The site covers about 22 acres, but less than 3 acres were
used gince landfilling begen in June, 1971,

The aresa is loceted in the White River valley and abuts the
searp of a terrace that is 20 feebt above the level of the floodplain
(¥ig. 9). The scarp descends on a 16 percent slope from elevation
627 feet on the terrace to 608 feet on the floodplain. An sbandoned
gtream channel, sbout 150 feet wlide and 2 to 3 feet lower than flood-
plain level, is at the base of the scarp and crosses the study erea
from nerthwest to southeast.

The floodplain portion of the landfill area is within the parts
of the White River valley that are gubject to "intermediate regional
flood" snd "standard project flood" {Corps of Engrs., 1968). The
intermediate regional flood corresponds to the 100~year flood, or
‘s flood that may occur once in 100 years but in any year. The
standard project flood is a predicted floocd thet is more severe and

may be disastrous.

Stratigraphy and Surficisl Deposits. The sediments in the land-

fiil area are mainly sand and gravel which are overlain by finer-
textured surficial materials., Depth to shale bedrock in the vieinity
of the landfill site is gbout 60 to 80 feet (Davis et al., 1969).

The site was extensively drilled, and continuous cores were collected
of the sediment overlying the sand and gravel. These sediments con-

tein large amounts of sand--43 to 59 percent on the terrace and
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and 41 to 7L percent on the floodplain., The coarser-textured materials

underlying the surficis) deposits contain more than 75 percent sand

{Table 16).
TABLE 16. Textural Data for Sites 2, 10, and 19
Depth Material Sand Silt Clay
(in) (%) (%) (%)

Site 2 (abandoned stream channel)

0~ 8 Loam 1.5 W7 13.8
8 - 26 Sandy Lloam 70.6 7.6 21.8
06 - Sand and gravel 76,7 19.5 3.7
Site 10 (terrace)

0 - 17 Loam h3.2 L4 12.4
17 - Lo . Sandy loam 58.9 31.h 9.6
Lo - Sand and gravel 8h.7 13.6 2.7
Site 19 (flocdplain)

0 - 71 Loam LC.7 40.3 18.9
71 - 79 Sandy loam 60.0 26.1 k.o
79 - Sand and gravel 75.0 16.1 8.9

A typical profile of sediments on the terrace at site 10 contains
17 inches of loam and 23 inches of sandy loam with sand and gravel
which continue to more than 80 feet in depth. On the floodplain at
site 19, 71 inches of loam and 8 inches of sandy loam overlie sand
and gravel which continue downward for more than 60 feet. At site 2
in the abandoned stream channel, 8 inches of loam and 18 inches of
sandy loam are sbove sand and gravel which also descend to more than
60 feet. The sand and gravel, although below different features and

topographic levels, form a continucus agquifer under the landfill area.
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The soils at the lLandfill are the Fox-Ninevah-Ockley associabion
which is typical of level, well~drained, loamy soils on outwash sand
and gravel (Agric. Exper. Sta./ﬂoop. Bxten. Serv., Purdue Univ., 1971).
Hydrology, The ground water of the area was observed in 15 wells
(Fig. 9). Zlevation cof the water table fluctuates in the sand and
gravel as much as 3 feet annuelly and is about l% feet higher under

the terrace than under the floodplain {Teble 17).

TABLE L7. UGround-Water Elevation Changes

Site Elevation Water Table Elevation

(£t) 7/28/71 1o/e/71 1/25/72 hjo6 /72

Terrace Sites

10 £03.0 601, b 03,7 604, 0

11 603.1 601.5 603.8 6ok, 1

12 603.2  60L.6 603.9 6ok, 2

32 603.2 601.6 603.9 &0k 2
Mean + Std. Dev. 603.1+.1  60L.5+.1  603.8+.1  60h.1t.1

Floodplain Sites

18 6£01.8 600, 2 602,73 602,77

19 01,7 6C0. 1 609, 2 602,6

20 6018 600,2 602.3 602.7

21 60L.7 600, 3 6oz 6028
Mean + Std. Dev. 601.8+.1  600.2+.1  602.3+.1  602.7+.1

A depth-~to-water map shows that the genersl direction of ground-
water movement at the landfill site is to the southwest {(Fig. 10).
Direction of flow was also confirmed by injecting a brine soclution

in a center well and measuring electrical conductivity (TDS) changes



in b peripheral wells, each located about 3 feet from the center
well (Fig. 9). The injected solution was 1F gallons of 12,500 ppm
NaCl. Ség,mples were taken from the 4 peripheral wells for 7 hours
after injection. 7The dilution of the brine in the center well was

also measured (Table 18),

Figure 10. DEPTH TO WATER MAP--COLUMBUS MUNICIPAL LANDFILIL
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The largest increases in elecltrical conductivity occurred in the
south and west wells and were still greater than original values U days
later. The initial incresses in the north and east wolls were probably
caused by dispersion of the brine solublon, bud values rveturned to

normal after about 5 hours (Teble 18).

TARIE 18. #lectrical Conductivity Data and Flow Direction

Time Concentration (ppm NaCl)
{ars) Center North FEast South West
Before 435 435 435 h35 435

1 2P00x 450y L75x% 520% U450x%
2 1750% L65x% L7o% 5hsy 460x
3 1600x NITy) L75% B50% L70x
b 1450% 435 H50% 70X L7ox
5 1350% 4Lo 4ho 585% W7sx
6 1250% iR He) hhs 580% L75x
7 1P00% 435 Lo 580 L80x

98 635% 435 k35 575% L8ox

% Significant change.

The direction of ground-water movement determined here agrees
with & previous study (Davis et al., 1969). Trend~surface analysis
based on data from 38 observations showed that flow direction was
toward the southwest and that monthly veriaticns were minimal.

Rate of ground-water flow was debermined Trom pumping tests.
Transmissivity was calculated from the relation (Johnson, 1966):

where T 1s the rate of flow of water, in gal/day, through a2 vertical
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strip of the aquifer one foot wide under unit hydrasulic gradient

and where height equals the thickness of the aguifer; § is the rate

of pump discharge in gel/min; and Ah is the drewdown in feet. From

the pumping tests, T was 88,000 gal/ft day or 11,750 ftB/ft day .

As the aquifer thickness ig 70 feet (Davis et al., 196G9), per-
mesbility is 167.9 ft/day, Using an effective porosity in the

sand and gravel of 25 percent {Davis and DeWiest, 1966), Darcy's

law is:

1L dh
VenRa

where V is velocity of Tlow in feet per day; k is the permeability
in Teaet per day; gg/g& is the hydraulic gradient in feet per faeh;
and n is effectlive porosity in percent. From this relation, the
rate of ground-waber flow under the landfill is sbout 2 £t/day.

The Columbus area receives 41.2 inches of precipitation annu-
ally, Evapotranspiration, estimabed by the Thornihwaite method
(Taylor and Asheroft, 1972} is 20.2 inches yearly. About 21 inches
of water are avallable for runoff or Infiltration each year, and
runoff is minimal behind the dike (Fig. 9).

The effect of infiltration in the landflll waste was determined
in a well emplaced in the waste. Well 13 was placed in the center
of the filled area and was bottomed at elevation 603.7 in the fine-
texture sediment underlying the landfill. Free water accumulated
in the well after about 16 months (October, 1972) and continued to
rige until about June, 1973, when water was standing st elevation

605.9 feet (Table 19)., Waber level has stabilized since that date.
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After water samples arc baken from the well, the water level rigeg

to 1ts original position in a few hours.

TABLE 19. Water Level Changes in Well 13, Columbus Tandfillx*

Datbe Water Blevabion (ft)
8/11/72 DRY*%
10/18 603.9
11/8 604, 3
12/18 6ok, 5
2/2/73 60l 6
5/30 605.2
6/5 £05.8
&6/26 605.9
7/12 605.8
7/25 £05.9
10/3 605.9
12/1 605.8
2/11/7h 605.9
3/11 506.0
6/26/7h 605.9

* Well bottom elevation is 603.7.
*¥*% Well wag dry prior o 10/18/72.

About 82.4 inches of precipltation were recelved on the land-
- Till before the final cover was placed over the waste in May, 1973,
Avout 48 inches of precipitation were absorbed as field-capacity
meisture during the first 16 months., After field capacity was reached,
another 34.4 inches of precipitation accumulated in the waste as fres
water which would saturate a thickness of L4.1 inches of waste when
corrected to a porosity of 78 percent.

Permeability of the sediments underlying the waste, as determined

by falling-head permeameter {Klute, 1965), is 0.002 infhr (0.004 ft/day).




During the 8 months alter Tield capacity was reached in the waste
(October, 1972 - June, 1973) 0.96 feet {11.5 inches) of water should
have sceped into.the sediments. This seepage loss, corrected for
78 percent porosity, would decrease the amcunt of waber ponded in
the refuse by 14,8 inches. From these calculations, the saturated
sone in the lower part of the waste should be about 2.6 reet (30
inches) thick. By actual measurement the zone is 2.2 fest (26.4
inches) thick. The 3.6 inches difference is probably due to evapo-
ration from the uncovered surface of the waste.

After the final soil cover was placed on the landfill, the
amount of water that could infiltrate the surface decreased. OF
42.1 inches annual precipitation, 20.2 iaches could be lost to
evapotranspiration, and runoff from the £ill area could occur,
because the dike was removed, and the £ill .area ﬁas no longer a
closed system. Runoff is estimated as 4.6 in/yr (Saxton et al.,
1971), but runclf may be slightly higher because a good grass
cover was nob esbablished. From the calculations, 42.1 - (20.2 +
It,6), approximately 17.3 inches of wabter infiltrate the landfill
each year. Under typical landfill conditions in the humid Midwest,
spproximately half of the yearly precipitation should be infiltra-
tion (Hughes et al., 1971). As the permeability of the underlying
fine-texbure sediments lg 17.5 in/yr, water should percolate through
the sediments underlying the landfill at about the same rate as
water infiltrates the Final cover of the landfill. Hence, the budget
is balenced, and water level in the monitoring well is stabilized

(Table 19).
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Landfill Degign. Operation at the Columbus landfill began in

June, 197L. BSolid waste was unloaded on a conveyor belt which carried
the refuse to a ball mill where glass, light metals, and other waste
including organic materials were pulverized. The waste was then
carried by another conveyor belt to & shredder where the organic
materials were reduced in size. The milled product was loaded into
a truck which dumped the processed waste in the fill area. The waste
wag thinly spread and compacted in the landfill area on the floodplain,
No daily soil cover was used (Amer., Test. and Engr. Corp., 1970).

At the beginning of landfill operation a 7-foot high dike with
each end abutting the terrace was constructed on the floodplain af
the eastern end of the site (Fig. 9). Aé originally designed, the
area behind the dike was to be filled with waste to the level of
the top of the dike. Then, the procedure was to be repeated behind
another dike that would be constructed west of the filled area, etc..
It was expected that 3 years would be required for the entire landfill
s8ite to be covered with 7 feet of waste. Then another 7-foot layer of
compacted waste was to be piled on top of the existing Fill by another
series of dikes. After 6 years the area was to conbtain 14 feet of
shredded and compacted waste with a P-foot cover of soil.

The landfill operation was stopped in June, 1972, due to ex-
cessive operating costs. By that time, the area enclosed by the
first dike had not been completely filled. ILess than 12 percent

of the landfill surface area had been covered with waste.

The area was surveyed after operablons ceased (Fig. 11).
About 900,000 cubic feet (33,000 cubic yards) of compacted waste
had been dumped in tﬁe landfill, If the entire area had been

filled with 14 feet of waste, the resulting volume would have
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Figure 11. STAGES OF THE COLUMBUS MUNICIPAL LANDFILL

|
A, INITIAL STAGE

d - )/
L |
SWDA AilL
| SWhA ML

Lo
G FINAL GRADING

\/‘ Ay




5k

been 1.7 x 10? cubic feet (625,000 cubic yards). Only about 5 per-
cent of the planned volume was actually placed in the landfill. The
waste was not covered until May, 1973. The dike wag removed and
used for cover material, and additional earth wes hauled in to come-
plete the job. No attempts were made to esteblish a vegetative
cover on the finighed surface. The completed landfill resting
directly on the original floodplain is now an unvegetated hill
sloping gently to the northwest.

Water Quality. As water infiltrates the landfill and perco-

lates through the fine~texture material into the ground water, con-
taminants are leached from the waste. The degree of contamination
in the subjacent aquifer depends on the ability of the sediment
beneath the landfill to filter contaminants from the leachate.
Cation exchange capacities (CEC) of the fine~texture sedi@ents
underlying the waste are 21.9 to 33.1 me/100g (Table 20). The
iltering ability of these sediments was studied experimentally.

In a falling-head permeameter, leachate from the landfill waste
wag permitted %o percolate through a core of sediment contained in
the extraction Shelby tube (Fig. 12). Chemical compositions of the
original leachate in the tube above the core and seepage waters from
the bottom of the core were analyzed (Table 21}, The latter samples
were analyzed through a time sequence. During the experiment, 17.8
inches of fluid passed through the core.

Total dissolved golids in the cutflow increased systematically
through time (Fig. 13, Table 21). None of the ion concentrations
was as great as in original leachate at the end of the 20 weeks,

but they were still increasing at that tinme.




TARLE 20. Soil Chemistry Data--Colurbus Lendfill {me/100g )%

gy e

e Henract

Denth s, Mgz K Ha Cations cee Bs N0+
(in) (Sum) (% (%)
0wl 15.3 3,2 1.5 0.2 20,2 2L.9 92.2 L
12 16.3 Lol 1ok 0.1 19,2 28,1 68,3 2
3k 12.8 2.9 1.2 0.1 17.0 29.0 58.6 0 3.
5.6 14.5 2.5 1.3 0.1 18.L 33,1 55.6 &
7-8 13.7 2,6 1.2 0.1 17.6 32.6 sh,0 U
910 8.5 2,2 0.k 0.1 LL.5 2.3 7.3 5.
11-12 4,8 1.7 0.2 0.1 6.8 22,0 30,9 L
131 b 4,0 1.0 0,1 0.l 5.1 8.0 59,3 2
15 16%% 2.2 L.C 0.1 0.1 3.4 5.3 6.2 1

% Core sample from abandoned strean channel, near site 3h.
#¥% Sample was mostly sand.
+ Organic Carbon.

Permeability of the soil decreased considerably as leachate
passed through the soill (Fig. 14} and was probeably caused by plug-
ging of pore spaces with organic complexes from the leachate.

After completion of the permeameter experiment, the goil through
which the leachate had passed was chemically analyzed. One-inch
increments of the core were analyzed for extractable catlons, CEC,
and organic carbon (Table 22Y. The values were compared to those
of the original soil (Table 20). Organic carbon and base saturation

the contaminated core showed very systematbtlic lncreases (Figs.
15A and 15B). CEC also increased (Fig. 15C) and relates to the
increage in organic carbon (Pigs. 154 and 15¢). Although the soil
does filter some of the conbaminants from the leachate, progressively
greater quantities pass through the soill with time and enter the

ground water {Table 21).
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TARLE 21. Waber Chemistry of Oubflow Samples--Leachate Permeameter

Sample Time¥ Ca Mg

K Na. Ths
(wiks ) (ppm) {ppm) (pom} (ppm) (ppm)

Effluent - 160.0 54,0 5.1 11kh,0 910
1 0.6 g 1 9.0 1.5 11.1 300

2 1.1 52,3 10.1 1.3 10.6 315

3 1.6 50,2 11,8 1.0 12,3 100

i 2,1 374 14,0 L0 13.1 335

5 2.9 28.9 17.0 1.5 17.4 355

6 3.5 ol 7 PL.6 2.0 20,8 410

7 4,0 20,0 22,3 1.9 21.5 430

8 5.0 17.1 25,5 2.2 31.0 495

G 6.0 15.4 28.6 2.2 hi.2 540

10 7.0 1h, 1 277 2.3 g, 5 555

11 7.5 19.1 3L.2 2.5 60.5 565

ip 8.4 19,k 33,1 2.5 63,0 5490

13 9.3 23,5 Lo, L 2.5 6.7 615

1h 1.0 33.0 5.9 2.5 68.8 650

15 13.5 ha,2 by, e 2.6 79.7 720

16 18.5 £2.9 50,5 3.0 85.9 750

17 20.0 66,9 52,2 3.5 3.7 760

* Time after beginning of experiment.

To evaluate the effect of landfilling on ground-water guality,

chservation wells were installed around the pervimeter of the dike

(Fig. 9). Wells 8, 2, and 1 intercept the 0 to 6, 3 to 16, and
2 3

12 4o 30 feet depth intervals of the aguifer, respectively, on the

south side of the dike (Fig. 16). Well 19 at the southwest corner

of the dike and wells 20, 21, and 34 on the west

were installed to inbercept water in the upper 5

gide of the dike

Feat of the aguifer.
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Figure 13. INCREASE IN TDS CONCENTRATICN WITH TIME
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Wells 13 and 13% were installed within the filled area. Well 13 was
bobtomed in the fine-texture sediment teneath the waste and collects
leachate that sccumulates within the waste. Well 13X penetrates the
s0lid waste and underlying sediment and is used to sample the ground

watar beneath the landfill (Fig. 9, cf., Fig. 16). Wells 5, 6, 7,

and 8 were placed in the direction of ground-water flow at distances




59
of 50, 100, 200, and MO0 feet from the southwest corner of the dike
(F'ig. 9). Analyses of waber samples From theae 4 wells shouid show
any contamination with distance from the Landfiil. Since the direc-
tion of flow is from the terrace boward the floodplain, background
valuss for waber guality were determined in wells 32 and 32X on the

terrace {Fig. 9, of. Figs. 10 and 16).

Figure 14. CHANGES IN PERMEABILYITY WITH PASSAGE OF LEACHATE
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TABLE 22. Soil Chemisbry after Passage of lLeachabe--Permesmeter
Experiment--Columbus Landfill (me/100g)

araias

i

Depth Ca Mg K Na, Cations CEC BS OC*
(in) (Sum) (%) (%)
0=l 18,7 3.6 0.8 0.7 23.8 23.9 99.6 2.1
1-2 22.0 2.h 0.5 0.6 26.5 30.2 87.7 2.7
3.4 23,7 2.9 0.3 0.6 27.5 38,2 72.0 7.0
5 b 23.2 3.1 0.2  0.b 26.9 38.8 69.3 7.0
7-8 22,6 3.7 0.2 0.4 26.9 39.9 67,4 7.0
4-10 21.1 2.7 0.1 0.3 2,2 36.8 65.8 6.k
1112 13.4 1.7 0.1 0.2 15.4 28,2 54,6 5,2
13m0 10,1 1.2 0.1 0.2 11.6 18,1 &h,1 3.8
15-16%% 8.8 1.0 C.1L 0.2 10,1 15.4 65,6 3.4

¥ Organic Carbon.
*% Sample was mostly sand.

Means, standard deviations, ranges, and 05 and 99 percent con-
fidence limits were caleulated for all chemicel consbtituents of samples
from the two control wells (Table 23), No significant differenceg
occurred between the two controls,

Monthly water semples were colleated from October, 1973 to July,
1974, from 9 observation wells--13 and 13X in the Pill area, and walls
1, 2, 18, 19, 20, 21, and 34 arownd the perimeter of the dike. Wine
sets of samples were collected, and 12 chemical items were analyzed,
Concentrations in observation wells were compared to conbrol values
for well 32X (Table 23), and the frequency of significant differences

was tabulated (Table 24).
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TARBLE 23. Variability of Water Chemistry for Control Well 32¥, Colum-
bus Landfill*

Paranster Mean Std. Dev. Ranze Confidence Limib
95% 99%

(ppm) (ppm) (ppm) (ppm) (ppm)

Potassium 2.9 0.6 2.1 - 3.9 4,0 k.5
Calcium 96, b 16.3 A5.3 « 111.8 125.9 139.3
Magnesiam 30.0 L.6 2.7 - 432 38.3 h2.L
Sodiun 13.0 2.9 10.0 -  13.6 18.73 20,6
Tron 0.1 O 0.0 - 1.3 0.8 1.2
BLA K 336.5 35.3 282.0 - 372.4 H00.5 429,5
Chloride 23,3 1.0 20,2 - 25.2 25.2 25.9
Phosphate 0.0 0.1 0.0 - 0.2 0.2 0.3
Sulfate 48.6 5.5 4i.7 - 57.8 58,6 63.1
Nitrate 52,3 1.5 19.3 - 1h8.4 127.5 161.6
TDS Lok 2.5 3ho - Lho Wrr.s 512.73
Hardness 361.0 b3k 276.6 - 412.9 439,97 475.3

#* Twelve samples were analyzed.
#% Bicarbonate Alkalinity.

Within 108 snalyses chemical content of leachate from well 13
Giffered gignificantly from control values 90 times at the 99 percent
level and Ob times at the 95 percent level (Table 24)., Potassium,
calcium, magnesium, sodium, alkalinity, chloride, TDS, and hardness
differed st the 99 percent level from control values on 9 sampling
dates. Calcium, magnesium, phosphate, sulfate, and nitrate were
about 5 %times greabter than control levels, while TDS and hardness
were about L0 to 20 times greater than background. Sodium, alké-
linity, and chloride usually were 100 times greater than control

levels.
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Tn the ground water beneath the landfill (well 13X) concentra-
tions were significantly higher than background but were considerably
Lower tﬁan in leachate. Values were beyond control limits 63 times
at the 99 percent level and 68 times at the 95 percent level (Table 2k).
~Potassium, magnesium, sodium, aikalinity, chloride, and TDS8 vere
greater than contrel values ab the 99 percent level on all 9 sampling
dates. Iron (2}, phosphate (2), and sulfate {1} were the fewest
cagses beyond confidence limits. With the exception of chloride which
was 20 times greaber than control levels in 2 caszes, all other ilons
differed significantly Ffrom background but at less than 10 Limes
greater than control.

Samples from well 18 on the south side of the dike differed
significantly 68 times at the 99 percent level apnd 72 times at the
95 percent level. Alkalinity, chloride, and TDS differed at the
99 percent level on all 9 sampling dates while calcium, magnesium,
and sodium differed from the 99 percent control limit on 8 sampling
dates (Table 24).

Wabter chemistry in wells 18 and 13X were usually about the same,
but well 18 had preater amounts of chloride on L dates. Sulfate was
greater in well 18 on 9 of 12 dates (Table 25). Scme other source
may also be contaminating the wabter abt well 18.

After the landfill operation ceased, the facilities were con-
verted to a city maintenance garage. Vehicles are washed in the
parking lot and salt, that is uged on city streets, is stockpiled
in the parking lot. Runoff from the parking lot flows along the scuth

side of the dike, and part of the water ponds near site 18.
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TABLE 23. Chloride and Sulfate Concentrations in Wells 13X snd 18 (ppm)

Dete Chloride Sulfate

Well 13X  Well 18 Well 13X Well 18
10/10/73 157.9 peb. 2 Le.y 87.9
12/1/73 570.5 31L.2 15. 21.3
1/25/ 7k 239.9 595.8 12 36,4
2/e5,/7h hak . g 505.0 4.9 68.7
3/27/74 204 b 57.8 16.6 105.6
L/o6/7h 217.8 231.1 6.2 67.9
5/29/ T4 28l .5 206.5 12,7 61.6
6/20/7h 260.0 Lok, 5 112.8 Tho7
6/26/1h 2L8.8 219.0 11.1 15.0
7/2/74 297.6 62,7 15.3 73.1
7/26/7h 666.7 217.8 126.9 85.0
8/15/7h 277.6 185.6 283.3 83.0

Well 19 penetrates the upper 5 feet of the aguifer near the south-
west corner of the site (Fig. 9, cf. Fig. 16 ) and is directly in line
of grouﬁd»waﬁer flow from the terrace and landfill (Fig. 10). Samples
from well 19 differed significantly from control values at the G9 per-
cent level 31 times and LY times at the 95 percent level. At the
99 percent level, chloride differed O times, alkalinity € times,
sodium 5 timeg, and TDS L times (Table 24). A1l concentrations
were less than 2 times above control levels. Some contamination ig
present in well 19,

To determine 1f leachate were in the ground water ab greater
depths than the upper 5 feet of the agquifer, well 2 and well 1 were
installed to penetrate depths of 3 to 16 Ffeet and 12 to 30 feet,
respectively {Fig. 9, cf. Fig. 16 ). These wells are also in the direc-

tion of ground-water flow from the landfill (Fig., 10).
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Samples from well 2 differed signifilcantly from contrel values
36 times at the 99 percent level and 43 times ab the 95 percent
level (Table 24). At the 99 percent level, chloride differed 9 times,
sodium 8 times, alkalinity 6 times, and TDS 4 times. Concentrations
were generally grester then at shallower depth (well 19) and were
usually aboub 3 or 4 times greater than control values.

Samples from well 1, the deepest zone of the aquifer, were
usually within background limits. Among 108 analyses only 3 differed
significantly from control values ab the 99 percent level and L gif-
fered at the 95 percent level. Leachate from the landfill lg con-
tained in the upper 12 feet of the agquifer.

Samples from wells 20 and 21 on the west side of the dike (Fig. 9)
did not differ from control values in 108 cases (Table 2k). At well 34
in the sbandoned gtream channel near the northwest corner of the site,
only 3 analyses differed at the 99 percent level and 5 analyses dif-
fered ab the 95 percent level {Table 2k). These differences were
gulfate in 3 cases and sodium and phosphate in one case each. Leachate
is not contaminating the ground water on the west side of the landfill.

Wells 5, &, 7, and 8 were installed in the upper 12 feet of the
aquifer on the south side of the landfill in the direction of flow
to determine the distance of contamination from the landfill. These
wells are 5C, 100, 200, and 40O feet southwest of well 19, respectively,
(Fig. 9). These wells align with wells 32X, 13X and 19. TFive samples
were collected from each of the 7 wells.

Analyses of control samples are listed with other samples from
well 32X (Table 23). Analyses of samples taken from the 6 chservation

wells were compared to control values (Teble 26).
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Samples from well 13X, the water beneath the landfill, differed
gignificantly from control values L1 times at the 95 percent level
and 39 times at the 99 percent level (Table 26). Potassium, mag-
neasium, sodium, bicarbonate alkalinity, chléride, TD8, and hardness
differed on each of the 5 sampling dates. Most concentrations were
10 times greater than control levels.

Samples from shallow well 19 differed significantly from control
values 30 times at the 95 percent level and 26 times at the 99 percent
level. Chloride, sodium, bicarbonate alkalinity, and TDS differed
on all 5 sempling dates. Concentrations were sbout 2 times greater
than control values, g0 the level of contamination dropped con-
siderably between wells 13X and 10,

Samples from well 5, 50 feet southwest of well 19, differed
from control levels only B times at the 9% percent level and 6 times
at the 99 percent level {Table 26). Chloride differed 5 times,
gsodium 2 times, and bicarbonate alkalinity one time. Concentrations
were either or almost within control limits.

Wells 6, 7, and 8 at respective distances of 100, 200, and
40O feet from well 19, had no concentrations beyond confidence
limits. Chloride concentration in well 6 was only slightly higher
than control values in a few cases. There ls little if any con-
tamination in the ground water 100 feet from the léndfilln

Summery of Analysis. (1) Ground water at the Columbus lendfill

i3 aboubt 8 feet under the floodplain snd less than I feet under the

floor of the abandoned stream channel. Direction of flow is to the

southwest and at s rate of about 2 ft/day. Annual. fluctuation of

the ground-water teble ls about 3 feet.
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(2) About 17.5 inches of precipitation infiltrate the landfill and
percolate to the ground water each year. The sediments underneath
the waste adsorb contaminants from the leachate, but because the
sediments are thin, contaminatlion appeared in the aquifer within

one year after field capacity was reached in the waste.

(3} Free water is standing in the bottom zone of the waste and has
accumulated to a head of agbout 2% feet, Permeabllity rates of the
fine~texture sediments that separate the wasgte from the ground water
are about 0.00hk £t/day (17.5 in/yr), but permesbility is decreasing
as organic complexes from the lesachate are belng adsorbed by the soil
and are plugging the pore spaces in the soil. Consequently, eleva-
tion of the perched zone within the waste may be expected to rige in
the future as percolatioﬂ.is partially blocked. However, contami~
nants continue to pass through the sediment to the ground water.

(4) At present ground-water contamination is being detected south
and southwest of the landfill, Contamination is confined to the
upper 12 feet of the aguifer and decreases tc approximate background
levels within 100 feet from the landfill,

{5) Landfill operstions ceased after only 5 percent of the planned
volune of waste had been buried. The contaminaticon of ground water
induced by this small volume ig not severe. However, if the original
planned volume, twenty times the present volume, had been buried,
contamination would have been increased manyfold. Concentrations

of contaminants would have increased in the ground water, and the
areal distribution of contaminated aquifer would have been greater.

(6) Lendfill operations were halted not because of the possible
conbaminatlion of ground water, but because of soclely economic pres-

sures. The operation was too expensive.
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Critique and Recommendations

It the practice of sclid waste disposal by land burial in southern
Tndiena, leachate from the waste can be expected to be introduced into
ground and/or surface water. The level of contemination is dependent
on an interrelation of (1) the origina}_ lay of the land, (2} the
initial soil and sediment stratigraphy and the nature of the materials,
(3) the original hydrologlc system including ground and surface water,
(L) the modification of the topography, stratigrephy including nature
of materials, and hydrology induced by land burial, and (5) the nature
and volume of waste and the method of land burial. Site selection
for landfill must be based on these five criteria.

Topography is changed by land burisl. Hill summits may be
lowered during trenching and filling, and the land surface may be
raised by area filling in adjoining valleys., At the Monreoe County
lendfill, hill and valley terrain will be reshaped to essentially
one hill. Similar but not as sevére remodelling is underway at the
Brown County landfill. At the Columbus landfill a sloping hill has
been constructed on a previously nearly level floodplain. Reshaping
the landscape chenges the surface-water hydrologic system, which in
turn, affects the original surface drainage at the down-slope peri-
phery of the landfill.

The stratigraphy of the scils and sediments and the nature of
materials are radically changed by land burial. In the trench
method the soils and substrata sediments are excavated and replaced
by waste and interlayered mixtures of soll and sediment materials.

Yet, the natural soils and sediments remain in the walls and bottonm
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of the trench. The hydrologic nabture of materials is changed during
this reconstruction. Porosity and permeabllity are increased in the
fillj and a gréat change in permeability is created at the sharp
conbact of the fill and the trench walls and bottom. These conditions
now exist on the tops and nose siopes of hills at the Monroe County
and Brown County landfills.

In the area-filling practice at these two landfills, small
valleys between hills are filled with interlayered waste and soil
up to the hilltops. Prior to burial these valleys contalned drain-
sgeways that conducted surface runcff from the arvea. After filling
by waste, the buried valleys are converted o subsurface collectors
and drains for transport of leachate from the landfill. The effluent
then joins the surface-drainage system at the margin of the lendfiil
and contaminetes surface water. This induced concentration of drainsge
is the current major problem at the Monroe County and Brown County
landfills,

The foregoing example emphasizes the fact that the original
hydrologic system of an area 1s altered by lend-burial practices.
In southern Indiena vhere sverage esnual precipitation is more than
L0 inehes, almost half of the water ig infiltration which will collect
in the more porous waste. A "bathtub" effect is created on the hillw
tops and hillslopes as the waste ultimately becomes saturated in
landfill trenches. 1n high rainfall areas, it is not uncommon for
burial trenches to behave like tilted bathtubs--the trench fills
with ground water, which then spills over the lowsr end creating

surface seepage (Duguid, 1974}.
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Saturated trenches form a perched ground-water zone high on the
remodellied landscape. This wabter must ultimately seep downward to
the main weater teble causing it to rise, or the perched wabter may
seep laterally to the filled valleys creating greater down-valley
seepage through the srea~practice filled waste. These effects should
‘be anbicipated at thé Monroe County and Brown County landfills. As
noted previously, seepage from the waste-buried valleys is occurring
at these landfillis.

Accumulation of free wabter in weste can slsc create & ground-
water mound. At the Columbus landfill, the lower zone of the waste
is saturated and the “created water table” ig sbout 5 feet above
the mean level of the natural water table. At times the waste water
is perched, but with seasonal rige of the natural water, the two
merge. Greater hydraulic hesd and gradients are created by the
landfill. Any design of landfill practice and in particular, the
containment of leachate on gsite, must take in consideration the
altered hydrologic system.

As emph#slzed in this report and as a matier of common sense,
the most important environmental aspect of disposal of buried waste
by land burial is the possible deleterious effects of effluent on
the guality of water. Any posgible changes can only be determined
by installation of groundwwater‘wells and by surface-water stations
where water samples can be collected and analyzed in the laboratory
through time. Any changes in wabter chemistry will only be detected
in & monitoring program.

If significent changes do occur in the quality of water, then

the landfill practices should be modified to correct any cause for
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concern, For example, at the Monroe County landfill effiuent from
the area~fill in waste-buried valleys is entering the surface-water
drainage systeﬁ> and leachate concentraticns are detectable in those
waters as they leave the landfill area. Will the concentraticns
increase beyond acceptable limits? Only continued monitoring will
provide an answer to this question. Improvement of ithe system of
leachate lagoons on site may be in order to correct the current
problem and prevent any future compounding of the problem. A simi-
lar situaticn occurs at the Brown County landfill but fo a lesser
degree.

Based on our research during the period July 1, 1971 to November 30,
197k, recommendations for location design, and operation of sanitary
lendfills in southern Indiana are: (1) Upland sites should be used
to avoid runon of water from higher areas. (2) All areas subject to
floeding should be denied use aé landfiil sites. The Columbus landfill
violates this rule as it is within the zone of the 100-year flood.

(3) sites should be used only where the highest elevation of the water
table is many feet below the base of the solid waste. (L4) The inter-
vening material should preferably bave high exchange capacity to
permit maximum adsorptlon of contaminants from percolating leachate.
These last two guidelines must be balanced. Although the sediments
beneath the Celumbus landfill have moderate exchange capacities and
adsorption does occur, the depth to ground water is too shellow, so
contaminants pass through the sediment into the water. (5) Adequate
use should be made of leachate lagoonsg to control contamination of
surface water. At the Monrce County landfill, chloride contents of

raw-leachate seepage are 60 times greater than control levels, but
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are reduced to 20 times at the overflow from s legoon. A geries of
these ponds would further reduce conteaminant concentrations that are
discherged to the surface-water system. (6) A daily soil cover
should be required at any landfill. At Columbus the refuse remained
uncovered for many months., Direct infiltration from reinfall and
gnowmelt resulted in an open, decaying mass of waste, that among
other things, was offensive %o the eye and nose. {7) Rilling of the
goil cover should be prevented. As rills cubt into the buried waste,
discharge of leachate is increased directly to the surface-water
system. Rilling is common &t the Monroe County and Columbus landfills.
(8) Instellation of ground-water wells and surface~water sampling
stations should be regquired, and systematic water sampling and analysis
should also be required. There is no other way to determine whether
ground and surface wabters will become conteminated @bove acceptable
limits.

Although the Refuse Disposal Act of 1969, Indiana General Assembly
and its implementation (Indians State Board of Health, 1969) reguired
only rudimentary inspection and monitordng of lendfills, regulations
have been changed as our research studies progressed. (Refuse Dis-
posal Act, IC 1971, 19-2-1, as amended by Public Law 148, Acts of
1972; and the Environmentsl Msnagement Act, IC 1971, 13-7.) Among
other items, the recent Indisna Stream Pollution Control Board Regu-
lation SPC 18, Solid Waste Management Permit Regulabion of 197k
re@uires specific date on solls and geology, including physical,
nydrologic, and lon-exchange properties of materials. Tf requires
studies of ground water including monitoring wells and tests for

water guallty. Surface water must be controlled inecluding runon,
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runoff, and erosion. Resirictions are imposed on use of areas subject
to the l0C-year flood. Leachate control measures are required. Respon-
sikility for implementation of the regulations is assigﬁed to the owner
and the person respoansible for the gualilty of operation.

This report closes our study of landfills. At this time contamina-
tion of surface and ground water has occurred at the three landfills |
degcribed in this report. Pollution, in the sense of exceeding limits
of U. 8. Public Health Service Drinking Water Standards, has not
occurred af this time beyond the boundaries of the landfill areas.

Bubt, it must be emphasized that burial of waste has not been completed
at the Monroe County and Brown County landfills. With increased
volumes of waste planned for burial in future years, what will the
effects be on the gquality of surface and ground waters in those areas?

"he Columbus landfill should not be a problem. Termination of
that operaticn for economic reasons resulted in burial of only a small
volume bf waste. The large tranémissivity of water through the agui-
fer should dilute any leachate from that waste within acceptable
limits. If the original planned volune for disposal in that lapdfill

had been done, continued study would bhe reguired.
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CARBCE IN GROUND WATER AT THE COLUMBUS, TNDIANA LANDFILL*

L. M. Games and J. M. Hayes

Introduction

Carbon ls pregent 1n ground water in various forms and amounts,
and sanitary landfills represent an important source of unnatural
inputs of carbon compounds that can have an effect on ground-water
quality. Little 1ls known gbout the movement of carbon in normal
ground water or the effects of a sanitary landfill on the presence
of different mclecular forms of the carbon, especially the inter-
actions of a biclogical or physical nature that occeur over a short
time period. A study of a sanitary landfill and its effect on the
carbon in ground water is a unigue opportunity te gain information
of thig kind, since the presence of carbon in various compounds can
be investigated before and after the influence of the landfill leachate.

Carbon appears in ground weter in a large number of differing
éompounds 80 that the use of a single technique for the analysis of
the total carbon is impractical. A% the pH of most ground water,
inorganic carbon is present as free 002 or as bicarbonate (Garrels
and Christ, 1965). Inorganic carbon normally arises in ground water
from esgentially three sources, namely C‘O2 from the atmosphere dis-
solved in rainfall (a minor component), 002 from the microbial
metabolism of organic compounds, and C02 from the dissolution of
carbonate rock (Pearson and Hanshaw, 1970). The extent tc which

sach of these contributes to the total in an individual ground-

water gsample is variable, depending on piH, PCOg in the goil, and

* preliminary report
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the concentration of ilnorganic lons which can interact with carbonate
ions (Deines et al., 1974). Orgenic carbon is present in natural
waters in manyltypes of well-defined compounds, polar and nonu?olar,
volatile and non-volatile (Croll, 1972). Less well-defined species,
called humic end fulvic acids, are slso present in varying amounts
with a range of molecular weights (Gjessing, 1967). The few previ-
ous studies of the amount of dissolved organic carbon present in
natural ground water indicate that the range is wide, the amount
varying from 0.1 to 15 mg C¢/1 (leenheer et al., 1974; Grigoropoulos
apd Smith, 1968; Robinson et al., 1967). Inorganic carbon has been
analyzed in greater detall, both in measurement of 140 isotope con-
tent for dating purposes (Hanshaw et al., 1965) and in studies of
the hydrological cyele (Mook, 1967), and has an even greater range
than the organic carbon.

The techni@ues degcribed here have been developed to analyze
the carbon present in discrete fractions (inorganic carbon, volatile
organié carbpn, non-volatile organic carbon, and CO and CHﬁ) and to

use 130/12

C isotope ratio variations to detect changes in ground-
water carbon resulting from the addition of landfill leachate.
Measurements of the amount and isotope ratio of (a) ground-water
carbon entering the landfill area, (b) leachate carbon existing
within the landfill and presumably leaking intc the ground-water
system, and {c¢) carbon in ground water leaving the area provide the
information needed to assess the extent to which gimple mixing of

the two reservoirs, "normal” and "leachate" carbon, takes place and

dynamic interaction between the two occurs.
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The focus of this study, which examines the Coluwbus, Indiana
1andfill, is to determine the effects of the landfill leachate carbon
on the normal ground-water carbon hy meéasuring the smount and isotope
ratio of the individual carbon reservolrs and the mixture of the two.
The study has been extendsd over a five-month period to measure the
range of natursl variation that occurs in these paraemeters in both
peools. Not all of the poseible blologlcel and physical processes
that mediate the relationships and exchanges of carbon between the
various carbon compounds in ground wabter have been fully character-
ized. For this reason, the procedure is designed to measure the
carbon in four discrete fractions that account for the total carbon
present and that are, to a certain extent, unigue 1n the processes

leading to their formation.

Use of Isctope Ratio Resgulbs

To messure the extent to which simple mixing or dynamic inter-
‘action occurs, the origin of the carbon that is found in the "down-
stream" ground water must be determined. Carbon isotope ratio
variations have been used for some time by geochemists to distinguish
various pools of carbon (Degens, 1969) and have been previously used
to measure the proportion of normal to pollutional carbon present
in the dissolved organic carbon of a marine-bay system (Calder and
Parker, 1968). The technique is used here for the same reason
with éhe additional purpose of measuring the extent of interaction

between the various carbon pools.
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Carbon isotope ratios are normally reported by gecchemisis in

terms of 6130:

13, _ l?)c/mc; sample - 130/120 std.,

*
8 77°¢ x 1000
l3(}/120 std.

1
Figure 1 shows the natursl range of variations of 8 36 for various

carbon pools. The differences are caused by kinetic and equilibrium
isotope effects in both physical and biological processes involving

carbon compounds.
The use of isotope ratio measurements as & tracing technique in

this study 1s dependent upon the existence of a difference between the

6150 valiued of the landfill leachate cerbon and the normal ground-

water carbon. If mixing of the twe carbon pools occurs, ground water

in the "downstream" wells will conbain carbon with an intermediate

13

5§ 77C value. The simple mixing model can be formelized as shown in

the equation in Figure 2 (Calder and Parker, 10668).

H

If the two pools of carbon, "normal’ and "leachate,” are mixed,

3

two possibilities for the regultant 61 C exist. Ifrsimple mixing

3

cccurs, the final 6l C can be calculated for each of the four frac-
tions of carben by the equation in Figure 2. If interactions cccur

between the different fractions of the two pools or between the

¥ The isotope ratic results are thus reported in terms of parts
per thousand (o/oo) differences between the sample and a selected
standard, in this report the PDB limestone(Craig, 1953). Sa%yies
enriched in L3¢ relaf%ve to this standardlgave a positive l ¢ and
samples depleted in *“C have & negative §°C.
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mixture of the two and other species in the soil, the §
resultant mixture will not be given by equation 2, end further
study of the factors that might csuse this effect will be necessary.
By utilizing the eguetion, an estimate can be made of the extent

to which the two processes (simple mixing and dynamic intersction)

Qoeur .

Experimental

Sempling. The ground-water samples for the analysis of none-
volatile organic carbon are retrieved from the wells with glass
bailers, placed in glass-stoppered containers, returned to the
laboratory, filtered through previousiy cleaned Whatman GF/C
glass fiber filter pads and 0.45) Millipore filters, and stored
at AOC until analysis. Since the other fractions include volatiie
compounds that might escape 1f suitable precautions are not taken,
they are collecied in sample vessels like the one shown in Figure 3.
These vessels are evacuated and sealed in the lsboraktory, lcwered
intc the wells, and opehed by snapping the breakseal with a string.
They are then raised from the wells and gquickly closed. This method
prevents loss of any volatile compounds and avoids mixing of the COE
present in the ground water with atmospheric COE' Filtration of
these samples is aveided for the same reascon, and they are stored

ag collected at hDC‘ Nc samples are stored for more than one week

before analysis.

Separation of Carbon into Specific Fracticns. The carbon in

the water 1s separated into four fractions on the basis of volatility

and molecular type, and these fractions are:

87
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™ Breokseal

SAMPLE TUBE

\

Fvacuate and seql
on weight hook

Pigure 3. Collection Vessel for gemples contéining
- volatlile carbon. After evacuation the tube ir serled

end & hook atteched to hold & weight which pulls the

vessel under water.
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(1) 1Inorganic Carbon--This fraction contains all free CO,, bicar-
bonate, and carbonate. The ground-water samples are acidified to
shift the equilibrium between these species to free 002, and cryo-~
genic pumping is utilized to sepsrate the C02 from the water. The
method resembles that of Mook (1967).

(2) vVolatile Orgenic Carbon--This fraction contains all organic
material that can be stripped from the water at room temperature with
g 16-15 ml/min stream of oxygen during a three-hour pericd. It in-
cludes volatile hydrocarbons and other carbon compounds with sufflclent
vapor pressure to escape the water at atmospheric pressure. The car-
bon dioxide ig removed from the gés stream by a bed of soda asbestos

prior to combustion of the volmtile organic carbon and collection

as 002,

(3) Non-volatile Organic Carbon--All organic carbon present except
that removed as volatile organic carbon is obtaeined by photo-oxidation
of oxygen-saturated water with a 1200 W mercury arc UV lamp. This
converts the organic carbon to 002 go that it can be stripped from

the water and mesgured., The technigue is essentially that of Williems
(Williams and Gordon, 1970) as developed by Armstrong et al. (1966)
with a few modlficationg.

(4) Carbon Monoxide end Methane--In this enalysis for specific com-
ponents of the volaiile crgenic fraction, the CC and GH& sre separated
from éach other and the remsinder of the volatile carbon by selective
combustion and trapping techniques. The CO is oxidized to 002 by
Schutzes reagent (Stevens and Krout, 1972; Smiley, 1949) and the methane
combusted to CO2 following the removal of the CO-derived CO2 from the

gas stream.
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All of the wvariocus anslyses are performed on one all-purpose vacuum line,

snd the amounts of material in each fraction are reported in ppm C

(mg C/L) as CO,. After conversiecn to CO, and measurement of the emounts

present, the samples are analyzed by isctope ratlio mass spectrometry.
Purther details of the analytical procedure, including measure-

ments of standards, will be published elsewhere (Games and Hayes, in

preparation}, but Teble 1 shows the reproducibvility of measurements

on natural ground-water samples for the first 3 fractions and aslso

shows the average blanks for the syshem.

TABIE 1., Analysis System Blanks and Reproducibility

C pa

% Reproducibility of

Fraction Average Blank Measurement of Nat-
ural Samples
Pom C ppm C
Non-volatile Organic Carbon G.1 + 0.17
Volatile Organic Carbon LOLY + .02
Inorgahic Carbon ‘ L0085 + 2.2

* System blank obtained by using water with all carbon removed.

Resulbs

This section deals with the carbon content of ground water in
the area of the Columbug, Indlanz landfill. The well-number desig-
nations in this gection of the report are different from Waldrip and

Ruhe (this report)}, and the correlation is given in Table 2.
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TARTE 2. Key to Well Designation

iy
Well Number Used Here Well Degignabion™
1 32
o 18
) 19
8 13
12 1
13 2

* waldrip snd Rube, this report.

The Columbug, Indiens landfill is located above a thin fine-texture
sediment overlying a sand and gravel aguifer (Fig. U). If leachate
moves from the landfill into the send and gravel layer, wells located
down gradient in ground-water flow may reveal this movement by a rise
in carbon content. Tn addition, the landfill is located only a few
fest shove the normal water table, and during times of high rainfeall
mixing of the leachate and ground water might be expected to occur.
The landfill wes filled with wastes between June, 1972 and June, 1973,
then covered with 3 feet of topsoil; and the results reported here
cover the period from Jenusry to June, 197k,

The water wells monitored arcund the landfill were chosen based
on hydrologic information referred to earlier in this report. A well
about 30 feet upstream in ground-water flow from the landfill was used
as a conbrol., A well drilled in the wesgte itself was used to sample
the leachate, and b wells below the landfill were then sampled to
monitor leachate transport. These 4 wells are all located epproxi-
mately 10 feet away from the landfill at different depths as

shown in Figure L4, and eccording to hydroleogic studies are
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in the path of ground-water movement from the landfill, The 6 wells
were sampled once every Z weeks in the 5-month period for volatile
organic and non-volatlle organic carbon, but the loorganic carbon

was only sampled once every & weeks, The carbon monoxide and methane
analyses were siarted in June, 197M3 and only limited data are avall-
able. However, the results obtained from the snalysis of these frac-
tions, especially the methane fraction, have been extremely useful

in vnderstanding the long-term results.

Table 3 shows the average amounts of carbon present in the
leachate, well 8, and the normal ground water,well 1, for the‘volatile
organic, non-volabile organic, and inorganic fractions. The dif-
ferences are gquite large, as expected, and the detection of additions
of leachate to ground water &ppears to be relatively straightforward.
Any significant addition of leachate to the aguifer would result in
levels of carbon much higher than those present in the ncrmal ground
water, even considering any variatlcon in amounts that occurs over the

S5-month time period,

TABLE 3. Average Amount of Carborn in Normal Ground Water and Landfill
ILeachate During the Period Studied

Fraction Normal Ground Weter Leachate

' (pom C/1) (ppm C/1)
Non-volatile Organic Carbon 3.0 800
Volatile Organie Carbon 0,3 Lo

Inorganic Carbon 100 1600
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Figure 5 contains the reaults of the isotope ratio analyses for the
leachate and the control-well carbon, In order to make use of the
lsotope ratlos as a means of tracing the leschate, a sipnificent dif-
Terence must exist between the isotope ratiocs of the carbon in the
2 wells (Fig. 2). The 5130 values for the volatile and non-volatile
organic carbon in the control well overlap and average about -27 o/co,
which is in the range expected for land plant-derived organic material
(Fig. 1). The leachate volatile and non-velatile orpganic fractions
have a much greater 6130 variation during the time studied. Although
there sre large differences on specific dates, the average values do
not differ significantly from the isotopas ratios of the carbon in the
natural ground water. The only difference appears to be that the
volatile organic carbon in the leachate isg congistently depleted in
130 relative to the non-volatile orgenic caﬁbon, while the two frac-
tions overlap in the control-well water. This is probably due te the
large percentage of isctopically light methane present in the leachabe
volatile organic fraction.

The isotope ratios of the inorgsnic carbon are extremely different
in the leschate and control-well water. Although the inorganic carbon
él3C of the control-well water is shown as non-variant over +he
2l-week period, the value used {-16 ofcc) is the average of a 10-
month period; and the individual values are also given. The incrganic
carbon of the leachate averages about +22 of/oc over the 1O-month
period, which is well beyond the range expected. Possible reasons
for this result will be discussed later, but this fraction may be
useful in determining what fraction of the carbon in downstream wells

is a result of leachate transport out of the landfiil.
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FPlgure 6 shows the amounts of carbon present in the volatile and
non-velatile organic fractions of the 4 downstream wells (2, L, 12,
and 13)0 The leachate and the control-well results are included for
comparison. PFlgure 6 indicabes that wells 2 and 13 consigtently con-
tain volatile orgenic material in excess of that present in well 1,
The amount of volatile carbon in the control well is not s minimum
amount but only a general guideline for the amount of carbon present
in the normal ground waber in the ares. Figure 6 shows that the
cenbrol well alse functions in the same capacity for the non-volatile
carbon, since some of the wells occasionally have carbon present in
even lower emounts than the control well. The non-volatile organic
fraction is less definitive than the volatile organic fraction, and
none of the downstream wells conbain gignificantly more non-volatile
carbon compounds. Some factor is causing increased amounts of vola-
tile organic material to appesr in wells 2 and L3, but is not affect-
:mgtMammwnmﬁlea%mﬂccmmamtoamrﬂgﬁﬁﬂmmeMmML
Table U containg the results of inorganic carbon analyses prior to
and during ﬁhe same S-month pericd that the other Fractions were
monitored. Again, well 2 conteins carbon in excess of that in the
control well, but in this case well 13 is definitely not affected.

The results for the 3 main fractions of carbon indicate that
the landfill causes a change in the carbon content of the ground
water in a selectbive menner. Well 2 hag sbout twice as much voelatile
organic and inorganic carbon as the control well, bubt the non-volatile
organic fraction is not incressed. Tn well 13, only the volatile

organic carbon content is increased. These facts indicabe that some
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Figure 6. The time scale begins Jan. 30, 1974.
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other factor may cause increases of carbon in these wells in a gelec-
tive manner, and that leachate may not be transported from the landlfill
in the stralghtforwerd manner expected. The non-volabile crganic
carbon, being highly ionic, may be adsorbed in the scil before reaching

the downshream wells.

TABLE 4. Inorganic Carbon (ppm C/1)

Date Well 1 Well 2 Well b  well 8 Well 12 Well 13
8/13/7h 10k, 2 106.6 1640
8/28/73 91,1 229.2
10/23/73 7T 74.0
2/e5/7h 113.3 201.2 89.1 9k.2
3/25/ 7k 1615
L/15/7h 116.9 171.9 oh, 1 1528 854 107.9
6/17/7h 10h.6 17he 81.2 109.2

To ascertain whether the various carbon fractions reflect move-
ment off the leachate from the lendfill, the chloride contents of each
well during the same 5-month period were compsred to the carbon cone
tents. Figure 7 contains the results of the chloride analyses re-
ported earller. Chloride concentrations heve been considered in the
past to be & falrly good indicator of the movement of leachate in
ground~water systems, becaugse chioride ig relatively unaffected by
exchange reactions with soil (Apgar and Langmuir, 1971; Zanoni, 1972}.
Well 2 is cdefinitely increassed in chloride content; and well 13 is

slightly affected. Only in well 2 is there a significant increase in
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inorganic carbon and an unambiguous increage in chloride content.
Sampling has not been frequent enough to establish sny definite rola-
tionship belbween the carbon and the chloride contents. More frequent
and Lengthy‘samplimg would probably show even more variation with
time than the results presented here.

The &3¢ results for the volatile organic and non-volatile orpanic
fractions of the two wells (2 and 13), possibly contaminated on the
bagis of the amount of carbon present, are shown in Figure 2. The
non-velatile carbon in both wells is more depleted in 13(} than the .
conbrol or leachate water. The volatlile organic and non-volatile
organic carbon in well 13 éverlay in the same manner as the control
well, but the volatile orgenic carbon in well 2 is always isotopically
heavier than both the non-volatile carbon in that well and all the
organic material in the coatrol and leachate wells. The relationship
of this isotopically heavy carbon to the landfill is difficult to
understand, since the leachate volatile carbon is isotopically light.
Further confirmation of this result is found in the methane fraction,
as will be discussed later.

Table 5 lists the inorganic carbon 6130 regults for all of the

3

wells, ALl b downstream wells have 6i ¢ values intermediate between
the control and leachate water. Well 2, expected to be isctopically
heavy bvecause of its higher inorganic content which presumably comes

from the leachate, is not significantly different from the other

downstream wells.
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TABLE 5. ImmmmcCMWmmél%Hm(@%M
Date Well 1 Well 2 Well & Well 8 Well 12 Well 13

8/13/73 -1l 7 -11.2  *1h.0

8/28/73 -1k,9 -12.2

10/23/73 ~11.3
2/25/7h -17.5 “12.2 -10.0 -12.6
3/25/ T4 +22.8

L/15/7h ~20.,8 -13.5 -15.8  +23.1 ~10.8 -12.5
6/17/7h ~15.8 +22.3 -10.9 -12.9

Careful study of Table 5 indicates that well 1, the control well,
hag an average 813 tnat is sbout b o/oo lower than other wells
which also appear to be unaffected by the Inorganic carbon from the
landfill leachate (wells 4, 12, and 13). 8ince all wells are in the
same aquifer, this lower value suggests that some secondary contam-
ination of the control well may be occurring. The possibility also
exisgts that all of the downgtream welis have some leachate contam-

13

ination, but a measurement of the "~C of the inorganic carbon in
another control well in the same area gave -11.7 o/oo, suggesting
that the original control well 1s unique in some respects as yet
undetermined. The amount of inorganic carbon in bthis second ccantrol
well, however, is essentially the same as that of the primary control
well.

The eguation in Figure 2 can be used to calculate the expected

isotope ratioc of the inorganic carbon in well 2, Well 2 water
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containg 200 mg/l inorganic carbon, which is approximately half leachate
and half ground water derived if we assume a simple mixing of control-
well water with the leachate. Assuming a mixture of 100 mg/lL C with

lBC of ~11.7 ofoo and 100 mg C/L with a élBC of +20 o/oo, the 5130

a8
of well 2 would be +4.2 ofoc. Apparently the increase in smount of
inorganic carbon ig not a direct result of leachate contamination,

13

since the expected positive shift in §77C does nobt oceur. The actual
regult fer well 2, from Tsble 5, is =10 o/oo, and either some other
process more compllceted than simple mixing ie taking place or the
increase of incorganic carbon is caused by a secopdary source of
contamination.

The snalysis for CO and CHy, was instituted to explain (a) the
isotopically heavy volatile organic carbon in well 2, (b) the iso-
topically heavy inorgenic carbon in the leachate, (¢} the lack of a

13

chenge in 6 7C of the inorganic carbon in well 2, and {4) the appar-
ently selective effect of the leachate in well 13. The isotopically
heavy inorgenic carbon in the landfill leachate can only be axplained
by regquirlng that some other fraction of carbon is becoming extremely
light. Previous research has shown that in anaercbic environments.
the methene-producing bacterils present meke methane depleted in l3C,
while the 002 evolved in these biclogically complicated environments

13

is enriched in C compared to metabolic CO,. resulting from sercbic

2
bacterial decomposition (Oana and Deevey, 1960). These bacteria
obviously function in landfille (Apger and Langmuir, 1971) and flooded
soils (Bell, 1969). Carbon monoxide hag also been observed being

emitted from decomposing plant material (Wilks, 1959; Loewus and

Delwichéj 1963; Stevens, 1972), and a search for it was also
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instituted. The carbon moncxide from plant sources is usually assumed
to come from chlorophyll degradation {Loewus and Delwiche, 1963), and
its isotope rabtio has been measured ag about -25 o/oo (8tevens, 1972).
However, the presence of C0 in ground water has never been reported.
The isotopically heavy volatile organic material in well 2 scems to

3

O was measured Lo deter-

3,

contradict expectations, and its methane 61
mine if the methane or other volatile carbon caused its high 6%
The results of the analyses for carbon monoxide and methane are
shown in Table 6. Wells 1, L4, and 12 contained no methane or carbon
monoxide and are not included in the table. The small amount of CO
found in the leachate has yet to be substantiated by other means, and
it 6130 is not in the expected range (Stevens, 1972), The methane
of the leachate is distinctly depleted in 1305 about -48 ofoco. There
is a 70 ofoo difference between the methane and carben dioxide of
the landfill leachate (CO, = +20 o/oc and CH, = -48 ofoc), about
the same difference found by Oana and Deevey {(1960) in the mud gases
from some New England lekes (CO2 = 0 of/co and CHy = =75 o/oc). They

30 of

found that the crganic substrate in the lake mud had a 61
~30 o/oc, and a corresponding 6130 for the organic matier leading

to the isotope composition reported here would be -5 of/co, assuming
that the same type of bacterial ecclogy is present in both cases.
Combusted samples of the landfill waste have an average 6136 of
=23.9 o/oo so that the food-chain system in the landfill environment
ig apparently different in some way from the lake-mud envircnment.

Furiher work to elucidate the causes of the heavy carbon in the

leachate inorganic carbon i1s being conducted. This includes measurement
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of the 5130 of methane and CO_ produced by other sanitary landfills

2

and by & sewage digester.

TABIE 6. CO and CHM Fraction

Sample ppm ¢ 5130PDB (o/00)
(date) co CH), %) iy
Well 2
6/17/7h " <0, 0l .21 - - 3.3
7/22/7h A < JOh 1l - - 2.9
T/22/7h B < ,0b .15 - - 3.2
Well 8
6/17/7h 0.18 - 5,71 -15.2 49,k
6/2h/ 7k .09 3.98 ~11.3 -L7.8
Well 13
6/17/7h < .0k .80 - -37.7
Average Rlank 002 017 -33.6 -40.9
The 5130 of the well 2 methane fraction is isotopically the

heaviest natural methane ever reported. Voleanic and metamorphic

3

methane with 61 ¢ values as high as -10 o/oc have been reported

(Dubrova and Nesmelova, 1968), but these possibilities appear unben-

3

gble in this case. This 51 G, =3 o/c)oj accounts Tor the isotoplcally
heavy volatile organic fraction discussed earlier and shown in Figure 8,
Because of the unusual nature of this result, a further confirmation

was sought. The method of enalysis for methene used to obtain these

date did not specifically exclude a very slight contamination by
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ethane or ethylene. A somewha’t more complicated system of measure-
ment, modeled after work by Swinperton and Linnenbom (1967) was
instituted and the anslyses repeated. Since the results are for

a later date, October 15, 1974, they do not strictly correlate
with the date in Table 6., However, the same amounts of methane
were found and elthough the methane was not quite as isotopically

L3, . -9.7 ofco and -10.1 ofoo for duplicate determinations,

heavy, 6
the results indicate that the methane ig indeed outside the range
of any previously reported data.

Well 2 is thus unusual in two respects: (a) the high inorganic
carbon content without a change in isotope ratio of the carbon, and
{b) the isotopically heavy methane. These observations suggest that
well 2 18 contaminated by a secondary source, but the isotope ratio
results indicate that if the saéondary source exists, it must be
upusual in some respects.

Any explanation of this finding must aweit further study, but
various possibilitlies are currently being explored. First, the
possibility exists that the methane~producing bacteria in the ares
of this well are biologically different than those observed in
natural situations previously (Oana and Deevey, 1960; Rogenfeld and
Silverman, 1959). Very little work has been done with these bac-
teria in pure culture, and only one measurement of the isotope
;atio of the methane produced by a pure culture has been mede (pri-
vate communication from R. S. Wolfe}. The second possibility
is that the crganic substrate in this area is being depleted with

no replacement, and that the remeining organic material has already




106

been substantially depleted in 120 by bacterial action. 8ilverman and
Rogenfeld (1959) observed this effect in a culture of bacteria growing
on & limiting amount of substrate. This second possibility, if true,
suggests that the landfill and well 2 were once connectbed but are not
at present interacting in any way. The pardiculate material in this
well is currently being investigated, but no data are pregsently avail-
able. The last possibility is that a large fractionation of the
methane is occurring between the landfill and the area of well 2, bub
this hypothesis is much more difficult to teat.

The methane from well 13 is in the range espected for contaminstion
Prom the landfilli, but this well does not show significant increase in
any of the other carbon pools, If the water flowing through well 13
does contaln lendfill leachete, some explanation of the lack of
lncrease in inorganic carbon content and of the lack of a chenge in
its 6136 must be made. The well does have only & slight increase in
chloride content, so that the possibility does exist that the leachate
centribution i1s teo small to be detected in & rise in the concentration
of any fraction or change in the isotope ratio of any fraction that ig
already present in the unpolluted ground water. A second suggestion
might b;a thet the non~-volatile organic carbon from the leachate,
probably highly ionic, is being adscrbed by the soil, and that the
inorganic carbon content and igotope ratios are controlled by factors
outwelghing the landfill effects where little transport of contaminants

CCCUrs .
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Conclusions

Although this study is not yet completed, the findings Indicate
the need to gtudy more than one type of carbon compound when assess~
ing the chemical effects of uwnnatursl inputs of carbon on a ground-
water aystem. The large variation of the amounts and isotope ratios
with time emphasizes that ground-webter systems must be studied over
a long pericd to gain any insight into the interactions taking place
between normal and contaminant carbon.

The iscotope ratlo results are more complicated than expected,
and interpretation requires careful consideraticn and knowledge of
the hydrologic parameters and the bacterial population present.

The limitations of the data acgquired to date are chvious in the
numerous possible explanstions that can be offered, and an example
of the more extenslve information that would be useful is found in
the lO0~-year study of Golwer et al. (1973) of a sanitary landfill
gite in Wesl Germany. The laotope ratlio results are, however,
extremely useful in considering possible sources of any carbon
present, especially in this case for well 2. The data show that
the major contamination is not indicabive of lapdfill leachate
transport and also limit the cheoice of alternative secondary
sOUrces.

All four of the fracticns are shown to be diagnostically useful,
&lthough-in this gituation the non~volatile crganic carbon appears
to have the least value. This is probably due mainly to the low
rate of leachate transport. However, i% might be true in all cases

involving anserobic decay, since the volatile organic carbon fraction
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in such processes would be expected to show the grestest change

(Zanoni, 1972). In sddition, the non-voletile fraction, being the

most likely to be adsorbed, is undoubtedly the most efficlently re-

moved from the ground water by the self-purificetion properties of

the agquifer, and methods of sgssessing this factor are being considered.
The lendfill is having a minimal effect on the surrounding aguifer,

a8 evidenced by the only slight increasses found in any of the carbon

fractions and the lack of any striking effect on the carbon isotope

ratios. However, the isotope ratic resulte in many cases are quite

unexpected, and the experiments reguired to clarify the causes of

these effects are currently being done,
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