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GAS MIGRATION PATHWAYS AND EXTENT

by
Missouri Department of Natural Resoarces
Flood Grant Team

INTRODUCTION
This study was conducted by the Missouri Department of Natural Resources through a gran!
provided by the .S, Environmental Protection Agency to evaluate the impacis of the Great Flood
of 1993 on Missoun landfills. The purpose of this portion of the overall project was to study the
pathways that provide gas migration from sanitary landfills into surrounding areas, The ultimate goals
are to gain & better understanding of gas migration pathways, and the extent of migration, to aid in

the prediction, remediation and prevention of gas migration problems.

APPROACH
Six landfills were selected for this study. The primary selection critenon was hydrogeclogical
setting, such that the different settings commenly found in Missouri would be represented. Access
to each site and its surrcundings was required. Additional criteris included a history of known gas
migration or the likelihood of migration; surreunding land use and the potential for impacts should
migration occur; and landfill size, construction and operation. Finally, one site was chosen where gas
migration was not expected 10 be an issue because of the presence of shallow groundwater and low

permeibility clay, and because it is in an undeveloped area.



Each sile was tested using 8 Membrane Interface Probe (MIP) as a screening device 1o
determine the relative concentrations of methane in the surrounding area, the lateral extem of
migration al different depths, and potential geological pathways for migration based on soil
conductivity. Soil cores were then taken from nearby bonngs, advanced by either push-probe
(Geoprobe) or auger drill rnigs, and evaluated visually for gas migration charactenstics based on grain
size, apparent permeability, moisture content, fractures, and soil classification. These visual
observations were checked against MIP results, Gas monttoring wells were then mstalled, using MIP
and bonng information as guidance for setting locations and screened intervals to best charactenze
gas migration. The resulting methane concentration readings, coupled with MIP, core and drilling

information, provide the basis for this report.

BACKGROUND

Cias migration from landRlls is dependent on 2 complex set of factors, These factors can be
grouped under: (1) drving forces and hence the mechanism causing flow; (2) media or sml
properties; () temporal changes including gas generation; and (4) landfill cover. The gas nugration
data, discussion and conclusions presented in this report are dependent on these factors:
consequently, a shorl summary of their importance and interactions 15 useful at the outset.

(1) Dnving forces and mechanisms.

Landfill gas migration is driven by the pressure gradient, in which case the flow is termed
convective flow, and by the concentraiion gradient, giving diffusive flow. Most landfills under
consideration here are al pressures close to the atmospheric pressure, because of a lack of cover

and/or the permeability of the cover. As the barometnc pressure changes, there may be times when



the landfill pressure 15 the same as or even less than the barometric pressure. Landfill gas 15 typically
50-55% CH, and 45-50% CO, by volume, resulting in relatively constant concentration gradients to
the atmosphere or in soils surrounding the landfill with distance from the landfill. The result i3 the
relatively constant diffusive flow plus the more vanable convective flow driving gas migration.
Typically convective flow dominates; however, there are times and locations around a landfill when
diffusion will be the principal mechanism dnving flow,

(2) Medium and soul properties.

The hydraulic conductivity or permeability of soil is obviously important in determining gas
migration through it. Gravel is more permeable than sand, which is more permeable than silt, clay,
etc. This isa function of the void fraction within the soil, but also the size or effective cross-sectional
area of these voids through which methane must pass. Of more importance than soil classification,
however, at the landfills studied here are macropores (cracks, fissures, or other discrete pathways)
that allow rapid gas migration through soil or rock. Missoun geology is often complex, with multiple
layers of soils and rock, each of which provides characteristic pathways for gas migration.
Consequently, it is important to look for pathways for migration not suggested by soil classification
alone.

Moisture content in general, but specifically the depth to groundwater and the extent of
saturated zones must be known. Landfill gas will not migrate through saturated zones and can be
confined at depth by perched water, or by very wet conditions in surficial soils, resulting in exiensive

muigration pathwiys.



(3)  Gas generation and other temporal changes.

The effect of time must be superimposed on all of the other factors involved in gas migration.
Gas generation will necessarily slow as a landfill decomposes; less substrate is available to the
microorganisms generating the pas, and the substrate becomes more resistant. Once a landfill no
longer receives incoming waste, the gas generation rate from the entire landfill will decrease, maybe
within a few months, depending on the lag hme 1o develop peak generation rates from the most
recently placed refuse. Five of the landfills studied here have been closed to new refuse for several
vears, and the sixth (Southeast) is taking new waste only at high elevations (greater than 80 fi. above
surroundings) or on the other side of the landfill and so would not be expected to contribute gas to
the area tested. (as peneration rate decreases are expected at all six landfills, but probably are not
significant aver the relatively short monitoring period of this study.

Other factors changing over time are weather, climate and diumal variations. Soil moisture
changes, especially for surficial souls, result from changes in precipitation, temperature, humidity,
sunlight and wind. Vegetation will also have an effect. Vegetation, sunlight and wind can dry soils:
temperature and humidity also affect the rate of drying. Precipitation or dew may lower the
permeability of soils to gas flow depending on the degree 1o which the mousture 15 held i a
continuous layer. Freezing rain has been shown 1o be especially effective in sealing surficial soils,
resulting in exceptionally long migration distances. Barometnic pressuré can have a short term effect

on gas migration, as mentioned above.



(4)  Landfill cover.

A low permeability landfill cap, such as required under subtitle I} to minimize leachate
formation, will drastically reduce the flow of landfill gas directly to the atmosphere compared 10 a
sandy or granular cover, as 18 present on most of the landfills tested here. A low permeability cap can
increase the pressure in the landfill and direct gas to the surrounding soils, increasing migration. The
pressure gradient is increased, resulting in more convective flow,

All of the factors mentioned here can impact gas migration at the six landfills tested. The

results will be interpreted in light of at least the more important factors operable at a given landfill.

METHODS
Each landfill was selected based on a thorough review of histoncal and geological data, site
visits, and access 1o the site and to the surrounding area. Sites were also selected to be representative

of Missoun peological settings and past (pre-subtitle D) landfill practice.

SOIL AND GAS SCREENING WITH MIP

A Membrane Interface Probe (MIP) was used with a Geoprobe push rod ng to provide
screening information for soil charactenistics and the presence of methane at depths up to 60 feet
below ground surface (bgs). A total of 93 probe holes were drilled and tested at the six landfills.
This device provides continuous readings for probe temperature, soil conductivity, rate of hole
advance, and Photo lenization Detector (PIDY) and Flame Tonization Detector (FID) outpul over the

depth of the hole.



According to Geoprobe, the probing speed is generally related to the density of the soil, with
mpid speed indicative of soft soils, and slow speed suff clays, densely packed sands or larger grain
sizes. Soil conductivity or resistivity are established tools to classify soils and geologic formations.
Clays generally have high conductivity, silis intermediate conductivity, and sand and gravel low
conductivity. Figure 1, taken from Geoprobe literature, illustrates the interpretation of a conductivity
log. Probe temperature was not used in soil interpretation.

The MIP measures organic soil gases by bringng gas samples to the surface for measurement
by detectors widely used in gas chromatography, The MIP bas a thin film flunrecarbon polymer
membrane mounted in the sidewall, which 15 in direct contact with the soil. Organic gases in the soil
come into contact with the heated membrane, whercupon a portion of the gases will absorb onte and
diffuse through the membrane. The concentrations on the internal side of the membrane are low
because of continuous sweeping provided by camier gas (nitrogen was used), which then transporis
the soil gases via Teflon tubing to the surface for readout by a Flame lonization Detector (FID) and
a Photo lonization Detector (PID). The combination of & thin, heated membrane and camer gas flow
rate through small diameter tubing provides a quick response (approximately 45 seconds as sel up
here) from the time of probe advancement to organic gas readout. The PID responds to organic
gases (such as volatile organic compounds or VOC 5) excluding methane, while the FID responds to
both VOCS and methane. Since methane is the dominant gas in a landfill environment, FID readings
are used here as an indication of methane concentration. Figure 2, taken from Geoprobe literature,
15 an example of a MIP log showing the relationship and interpretation of FID, cenductivity and speed
plots for a 40 foot deep hole. The MIP data are shown on the screen and stored continuously in a

portable computer.



Figure 1. Soil Conductivity Interpretation
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Figure 2. Example MIP Logs and Interpretation
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The MIP manufacturer considers FID and PID output 1o be semi-quantitative with regard to
organic soil gas concentrations. Variables that affect output include soil characteristics, soil organic
carbon content, soil water content, the volatlity of the soil gas constituents, as weil as the actual gas
concentration. VOC% may be paseous in the soil, dissolved, or free product, but the readout will
differ. Accordingly, MIP data are used here to indicate the presence of methane (FID) and VOC%
(PID) primarily, and secondanly as a measure of actual soil gas concentrations.

Calibration tests were completed in a laboratory and in the field to better understand and
possibly quantify the relationship between FID response and methane gas concentrations. Methane
was used for calibration because it is volatile and not soluble or readily adsorbed onto soil. This
lessens the effects of soil moisture, organic content and other soil characteristics. Further, methane
is the gas of interest for this project.

A complication developed in this project regarding the use of FID data, except for the two
calibration tests. During initial laboratory calibration attempts the MIP malfunctioned, with the FID
readouts becoming increasingly unrealistic. Attempts to repair the probe and the FII failed, and
finally the entire unit was refurned to the manufacturer and replaced or repaired. It was determined
that the FID readings that had been taken up to the laboratory calibration attempt were too high, so
the 1ab calibration results given here cannot be applied directly to earlier field data It is believed,
however, that the field data are useful in a relative sense in that high readings do relate to higher
concentrations of methane in the soil, etc. Accordingly, these field data will be used throughout this
report in a relative sense (i.e. indicating high, medium and low concentrations of methane), with

numerical values used only when gas wells were constructed and sampled for direct methane



measurements. It is further believed that the MIP results were useful in guiding well locations and

screened intervals to intercept desired methane migration pathways.

Calibration of the MIP in Laboratory Conditions

A steel test cell was assembled, into which the MIP was placed. The cell had inlet and outlet
ports to allow gas flow through it. Afier sealing, air was pumped through the cell and the FII'J-.
reading noted. The outlet gas was analyzed continuously with a Bachrach TLV Sniffer (up to 1%
CH,) and/or a Landiec GA-90 (greater than [% CH,). Controlled methane additions were made
using standard calibration gas cylinders via the inlet port and the FID and outlet methane
concentrations recorded, up to approximately 50% methane. The results are given n Table | and are
plotted in Figure 3 (excluding test number 9). The plot also shows the results of a fit o the following
second order polynomial:

FID reading = -333.587 (% CH,)* + 35452.9 (% CH,) + 334829

The coefficient of determination (R*) value for this fit 1s 0.997,

These data show a clear relationship between FID reading and the % CH, in an otherwise
empty gas-filled container. Although promising, these results do not necessanly apply to real world
soil pas testing, however, because of the vanous factors cited previously. Accordingly, a second

calibration procedure was completed in the field.

Calibration of MIP in Field Conditions
A special test was run at JZ landfill to provide field calibration of the FID readings. The MIFP

was used adjacent to gas momtoring wells selected on the basis of the predicted range of
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T
I Calibration Gas

able ll._anhmm Interface Probe Calibration Test, 2/2/98

Bachrach TLV | Landtec GA-90
Methane Average MIP | Sniffer Reading, | Reading, % by
Test Number Concentration FID Reading ppm T vl
| | 1.3 % 107 250 0.0
2 2.5 1.4x 10° n'a 20+0.2
3 15 2.0x 10° n/a 5801
4 15 44 x 107 n/a 12.4+02
5 50 6.2x 10° na 20.5+0.3
6 50 B.1x10° na 314102
7 50 92x10° nfa 40.8 £ 0.5
| 8 50 9.6x 10° n/a 450202 |
9 50 9.7x%x 107 o na 47703
1.1 x10

_‘LEHEI‘E!H::h TLV Sniffer has a range of 0 - [0.000 ppm
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methane concentrations, accessibility and time constraints. {Well locations are shown in Figure 7,
and construction specifics are given in Table 4.) Five probes were completed, with three of them
having wells with two screened intervals for a total of eight wells, One well provided no gas sample
because of water intrusion. The maximum FID readings over the screened intervals and the
corresponding methane concentrations from the gas monitoring wells are gven in Table 2 .and plotred
along with the laboratory calibration results presented in the previous section in Figure 4. The
complete MIP logs are given in Appendix A.

The field results are not conclusive in that the FID readings and methane concentrations are
clustered at low or high values; there are no points between these extremes. Nevertheless, a straight
line fit is reasonable as shown, indicating that FID readings did increase at higher methane
concentrations. More important, however, is the overlap or consistency with laboratory results.
Given the variability inherent with field FID results because of varying methane concentrations, soils,
soil moisture contents, elc., and the shape of the laboratory calibration curve with its relative lack of
sensitivity of FID readings at higher methane concentrations, it is surprising the field and laboratory
resulis are as consistent as they are. 1t is concluded that the laboratory calibration does relate to ficld
results and, a1 least within the scope of this project, can be used as an indication of methane soil gas

concentralions.

MIP Field Methods
The MIF was used to indicate the pathways for methane migration and the extent of rmgration

fram the six landfills. These indications were then confirmed by placing and sampling



Table 2. MIP-FID Field Calibration Data

Well I"ium;r FID Reading* Methane Reading
JZ-11 125 % 10° 62.5
JZ-12 1.25 x 10° 4.1
JZ-13 1.25 x 10 51.3
17Z-14 1.25 x 10 50.3
1Z-15 1,25 x 10° 52.1
JZ-23 2.06% 10° 15.5
JZ-24 4.66 x 10° I 1.6

*Maximum FID reading recorded over depth equivalent 1o
screened interval of well

|4
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gas monitoring wells. Because of the expense and time required to install and test wells relative to
MIP testing, more probe tests were conducted than wells installed.

The MIP survey generally started close to the landfill and worked outward until ideally no gas
was found, Normally, the area tested was to only one side of a landfill, selected according to
topography, known peology, land use, and ease of access. Omnce one round of MIF testing was
completed and the resulis analyzed, some sites were revisited to fill in data gaps or reduce

uncertamines,

SOIL GAS MONITORING WELLS

(Gas monitoring wells were located based on MIP results to verify these results and to provide
additional information over time at JZ, Modern Sanitation and Centropolis landfills, Wells were
installed at Southeast and Mexico landfills prior to MIP use. At Renfro numerous wells had been
installed and monitored in a built-up area of suspected gas migration and next to the landfill, No MIP
wark was done at Renfro because of this prior work; however, a set of three additional gas
monitoring wells were installed between the built-up area and the landfill. The three screen intervals
were selected 1o monitor surficial matenals sbove bedrock.

Wells were installed with either a Geoprobe push probe rig or an auger rig. The push probe
produced a 2 inch hole into which % inch screen and riser was placed; the auger ng used a 6 mch
auger and a 2 inch screen and niser. Sand was placed around and 6 nches above the screen, and
bentonite shurry topped by 12 to 18 inches of conerete was placed over the sand 1o the ground

surface, The screened interval was set to cover zones of high FID readings if the MIP was done first.

16



Wells were sampled weekly for four months, September through December of 1997, using a Landtec

GA-90 for gas analysis.

SOIL CORES

Soil cores were taken during gas monitoring well construction. Soil cores taken with the
auger rig were 10 be analyzed by the Division of Geology and Land Surveying of the Missoun
Department of Matural Resources (DGLS), but somehow were lost in transit and 50 were never
analyzed, Cores taken with the push-probe ng were sent to a soil scientist for analysis, the results
of which form the basis for most of the soil descriptions presented in this report. Soil core results will
be compared to MIP logs to determine characteristics of gas bearing and non-gas beanng zones and

to provide an absolute basis for interpretation of conductivity logs.

DATA ANALYSIS

The MIP probe provides a set of data every 120 of a foot while being driven into the ground.
These data were then reduced 1o provide a representative value for every foot, using a BASIC
computer program. The result was drive speed, soil conductivity, PID max {maximum}), FID max,
and temperature for each foot of depth. Each probe location was surveyed so accurate plots could
be prepared compiling the results.

The FII max values were then plotted as 2 dimension plots to find areas where additional
probing was nesded at each site using the Environmental Visualization System (EVS) software
uncertainty routine. This routine predicts gas levels over the study area based on the maximum gas

levels at each probe location. It then creates 2 map of confidence in these gas levels, which ranges

17



from high to low confidence, and in so doing indicates areas where more probing is needed. Sites
were then revisited and additional MIP work performed to reduce this uncertainty.

Figures 5 and 6 illustrate this process of reducing uncertainty at JZ landfill. In Figure 5, the
computer has examined the highest FID réadings for each MIP log for locations 1 through 11,
compared them, and indicated areas of relative confidence in predicting FID readings within the study
area. Areas of highest uncerainty are areas where nearby probes gave contradictory FIID readings,
or where few or no probes were located. Emphasis is placed on areas of highest FID readings in this
computer program, to emphasize areas likely to have high readings but with insufficient or
contradictory data to provide confidence that the values are indeed high. Figure 6 shows the
locations and resulting uncertainty afier nine additional MIP tests were performed. This generally
reduced the levels of uncertainty within the original study area. As would be expected, areas of high
uncertainty tend to be along the side of the study area, where relatively few probes are locited and
where no probes are present ouiside of the study area. (Probes 16 and 19 were not completed and
are not shown in the Figure.)

Table 3 gives the number of probes completed at each site during the initial and follow-up
testing. All probe data will be used in this report.

In addition to the uncertainty plots, FID readings were compiled to create 3D plots over the
study arcas and depths, and cross-sections selected to help visualize gas presence as a function of
depth and horzontal distance,

The EVS interpolates between data points to produce a complete picture of FID readings
{methane concentrations) even if there are only & few data points. In some cases the EVS predicted

areas where FID readings would be high even if no MIP probes were completed there,

18
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Table 3. Mumber of Probe Locations at Each Site

Facility First Site Visit | Second Site Visit
Centropolis SLF 9 6
JZ SLF i 9
Mexico SLF 8 nfat
Modern Sanitation SLF 10 13
Southeast SLF 9 | nfat

1Ouly one set of MIP probes was completed at these sites.




In some cages, these predictions may be quite misleading. Attempls were made to fill in data gaps
with more probes, but time and budget constraints did not allow for all gaps to be addressed.
Accordingly, areas with few or no probe holes are areas where there is little confidence in the results,

In many cases the landfill was included in the study area, but no probing was done in or
immediately adjacent to the landfill due to the certainty of landfill gas being there. This produced.
in some cases, plots suggesting that the landfill has little or no methane gas, which of course is false.

Lastly, soil core results and soil conductivities from the MIP log will be presented on the same
plot for selected probe locations, along with methane concentrations measured for any wells and their
screened intervals, These figures provide the best integration of all the information gathered for this
report and can be used to reinforce and supplement the 3D and 203 cross-section plots from FID data

alone.

RESULTS AND DISCUSSION OF RESULTS AT EACH LANDFILL

JZ LANDFILL

JZ Sanitary Landfill, located near Wrnight City in Warren County, is bordered on the north-
northwest by a demolition waste landfill. A second demolition waste landfill is within a few hundred
feet to the northwest. To the north, east and south the topography drops within a few hundred feet
to crecks (north and south) or a quarry (east) which are below the base grade of the landfill. To the
west, which is the area of study, the surface elevation drops off more slowly. This area is close to
1000 feet {cast o west) by approximately 2000 feet (north 1o south), This 15 the area of concemn for
gas migration. Landfill gas was discovered here several vears ago when bubbles were observed in

puddles of water. A grid of shallow gas probes was placed to define near-surface gas migration

22



patterns, and high concentrations of methane were measured. The soil in the study area is derived
from glacial drifi and contains sand lenses from a preglacial stream channel at depth. These lenses

and joints within the glacial tll provide potential pathways for gas migration.

MIP and Soils

Figure 7 shows the locations of the 22 MIP probes and the 24 gas monitoring wells installed
in the study area. Appendix B gives MIP and soil logs for the seven locations tied (o gas monitoring
wells and compiled in Figures 11 to 17; Appendix C gives additional MIP and soil logs. The only
probes where high FID readings were not encountered (defined as greater than | x 107) were M10,
M11 and M13 in the NW comer of the study area, and M17, M21 and MZ22 in the SE corner. These
locations are lower {ground surface) than other parts of the study ares, and in each location there 15
a pond nearby which may have an impact. Probe depths ranged from 10 to 50 feet.

Those probes with high FID readings had high readings throughout except near the surface
and near the bottom. Refusal was not encountered; surficial material thickness is greater than 30 feet
for most of the study area, Near-surface surficial matenials are composed of silty, sandy clay till. A
preglacial channel composed of silt, sand and gravel is present in much of the study area at greater
depths and at probe locations with higher surface elevations. The thickness of the coarse-grained

laver is unknown. Soil conductivity logs show fine-grained layers towards the
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surface, becoming progressively coarser with depth. Many of the logs and soil cores indicated a fine-
grained layer (till) near the surface with low FID readings, sugpesting this layer acts as a cap limiting
gas migration to the surface and promoting migration laterally in deeper zones. (See MIP logs for

M4, M6, ME, M9, M10, M12, MI13, M14, M17 and M1B).

Gas Monitoring Wells

Well descriptions, average comecied methane concentrations” and FID results are given in
Table 4. Of the 20 wells involved in this wsk, only numbers 19 and 20 in the NW comer of the study
area had basically no methane; excluding wells with little or no flow, the other wells had
concentrations up to 50% methane by volume. Screencd intervals ranged from 4 to 42.5 feet bgs,
indicating methane present over the study area over a thick zone. The most distant wells from the
landfill that contained methane are numbers 23 and 24. Number 23 15 the deeper of the two, screened
at 25-40 feet bgs, and had an average of 16.8% CH,. Well 24 had 0.9% CH, over its 11-20 foot

soreen. These wells are approximately 1000 feet from the landfill.

Comparison of Soil Cores, MIP Logs, and Gas Monitoring Well Resulis

Figure 8 is MIP log number 4, which was used as guidance 1o construct gas monitoning well
11, Table 5 is the soil log report based on the corresponding cores and analysis. This soils
information is plotted as Figure 9. The MIP log provides curves for probe advancement speed {top),

s0il conductivity, PID, FID and membrane temperature, Of interest here 15 the

" Corrected methane concentration refers to the adjustment of methane concentrabons read
by a meter to account for air intrusion. See Flood Grant Report titled "An Analysis of Landfill Gas
Monitoring Well Design and Construction” for a detailed explanation of this calculation.

25



Table 4. Gas Monitoring Wells, J2 Sanitary Landfill

Well Number I Screen, i | MIPLog | Seil Log | Ave Comected CH,Y | FID Average
I h-15 none #1 19.4 HiA l
4 G-13 GO #1 BiA NiA
7 21-31 [ nane 5R9 B3 x 10
K 9-14 1 mone 56.5 9.5y 107
L] 4-09 pd mone 4313 L 3x 10"
10 5-10 3h2 none [.6] 6.l = 10
1 25-40 4 4 49.5 1.2 x 10
12 30.5 - 42.5 5 5 kLN L2 x i
13 13-28 % 3 4l 1.2 x 100
14 12-24 8 -] 47.1 .1 x 100
15 2447 none 19 460 NiA
6 il -20 none 19 14,311 bl x 1@
17 21-30 7 7 255 R0 x 10
13 13- 14 7 7 4.9t L.3x 10
19 g-12 11 ] 0.4 4.1 & WF
20 11.5-175 i 10 L5 4.7 x 10
21 26-41 9 g TR e
2 =20 G g 26,3 (R
23 25-40 fi f 6.8 1800
24 LE- 20 fi f R 4=

T Average of readings from Seplember through December 1997, correcied methane (% by volume)
1 Al some tmes well contams water covering screened 1nberval
11 Pumping the well durning sampling creates 8 vacuum indicanng very ittle gas flow inte the well
* Al readings are zero except obe repding which may be due o not purging sampling hose prior to

sampling
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Table 5
SOIL CHARACTERIZATION FOR JZ LANDFILL
BORING # M-4
DATE July 23, 1997
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DEP COLOR SOILTYFE % | STRUCTURE PORES H,Oo
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Tine
B-16 10V R ] i 5 many ey Fetin
+5frdi ch very tr-::u stains; silt
Time; " SEAMLE,
HLHY following
fine roots
I6-22 | DYR&Z I0YRE2 I5 A0 {1] weak My My Frihin
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i, Beve
firer
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ai- IOYROT 10¥Ra2 I3 35 o weak few e | mamy gili seams
4 it ch subangular T::
bmk&l IMErssg
il Eew
[imar
Hikmz
20 4- 10T 23 435 13 very weak vEry Feihn
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Ji31 meelhicred rork
31-37 YRGS 25 14 5 wzak Tt T Feftdn
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17- | 10YR3M 25 w | mecurm fewfine | Feiln
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blocky medium
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Several factors malke this soil very conducive for significant gas and liguid movement. A

Massive rool zone exists from 6- 19 which allows movement in all directions. A weathered rock
lense exists ar 30-31" which could allow significant honzontal movement. Tubular pores exists

from the surface to 37 which would allow significant vertical movement. The presence of
Fe/Mn stains and silt/clay seams show significant water movement from the surface to 38

Good soil structiire and a high percentage of silt in these soils would allow significant movement

through these souls when soil moisture conditions are dry
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higher conductivity from approximately 4 to 10 feel, suggesting a tighter soil, with lower
conductivities from 10 feet on, suggesting a less dense soil. Deeper than 20 feet the conductivity is
gradually increasing. The soil log confirms that silt and clay range from approximately 90% over the
top 7 feet, gradually reducing to 60% at 27 feet. Results from the soil log are plotted in Figure 9.
The MIP log shows little organic gas (both FIIY and PID) over the first few feet, with a gradual
increase in methane (FID) from 4 to 10 feet, followed by generally high levels of methane from 10
to 40 feet. The PID curve shows VOC presence from 10 feet downward. It is clear that gas presence
is tied to soil chamscienstics, and that substantial levels of methins should be found at depths greater
than 10 feet.

The soil conductivity and FID corves are plotted again in Figure 10, removing the noise,
especially that caused by the FID sampling pattern of 20 data points per fool. by computer as
mentioned previously, The percentages of sand and gravel from the soil logs are also plotted again
and the screened interval and average comected methane concentration (corrected for air intrusion)
measured from gas monitoring well 11 is shown. The value of the MIP in indicating soil properties
and presence of gas is obvious, as confirmed by the high concentration of methane measured over the
screened interval of 25 to 40 feet. The presence of gas below the conductivity peak at approximately
8 feet relates to the presence of increasing smounts of sand and gravel from approximately this depth
downward.

There are seven additional locations at JZ where MIP testing was performed at the same
locations as gas monitoring wells. These are gas monitonng wells 12 and 13 (Figare 11), 14 (Figure
12), 17 and 18 (Figare 13), 19 (Figure 14), 20 (Figure 15), 21 and 22 (Figure 16), and 23 and 24

(Figure 17). The figures provide FID and conductivity curves from the MIP,
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percentages of sand and gravel from soil cores, and average corrected methane concentrations
measured for monitoring wells over the given screened interval. These figures further illustrate the
inverse relationship between sand and gravel content and soil conductivity; the higher FID readings
related to soil intervals of high sand and gravel contents and lower conductivities; and the higher FID

readings associated with higher percent methane values.

Environmental Visualization System (EVS)

EVS was applied to the FID data. In Figure 18, the highest relative FID reading obtained
over the entire depth of each MIP borehole is compared 1o the highest readings for other probes, and
the locations of highest to lowest readings plotted over the study arca. Consequently, the color at
a point relates to the highest FID reading the computer program expects al any depth up o
approximately 40 feet (the limit of probe depths). The highest methane levels are expecied to trend
SW from the site, in the vicinity bordered by M 12, M3, M6 and M8.

The indication that the highest concentration is 500 to 800 feet from the landfill likely results
from the general increase in readings from M 10 in the NW comer of the study area 1o the SE in the
vicinity of M3 and M6, and a similar increase from M22 at the SE comer to the NW by ME and M21L
The computer exirapolated these increases to the area of high gas, assigming the highest
concentrations in the study ares to this location. Since there were no probes in this high
concentration area, there are no data to justify capping the reading and the reading assigned 15
probably artificially high.

There are sufficient gas monitoring wells in the study area of JZ 1o allow an EVS plot of

averape corrected methane concentrations measured, Figure 19, This shows the same pattern as the
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FID plot, Figure 18, with the highest concentrations extending from the mid-east boundary of the
landfill to the SE through the middle of the study area. Lower concentrations exist to the NE and
SW.

Figure 20 is an EVS generated 3D plot of FID readings in the study area SE of the landfill.
Although difficult to read, the figure shows wide distribution of methane in a layer, with the highest
concentrations in the area highlighted in Figures 18 and 19. Since this is a 3D color plot, overlapping
of colors obscures the color at a given point, making it difficult 1o locate a color zone on the 3D
coordinates, and producing colors, such as brown, not on the scale. Brown results from multiple
layers of discrete colors, each of which applies to different points in this 3D space, that are overlaid
in this diagram. The 3D plot shows some, but not all probe locations, depending on whether they are
located close to the near-side border of the study area.

Figure 21 presents two cross sections through the study area. Both cross-sections show
clearly the zone of high FID readings at discrete depths. Section B-B'shows very high concentrations
extending continuously in & layer approximately 1000 feet from the landfill, which is connected 1o a
deeper layer in the area of M8, M17 and M20 which extends on another 600 feet. Section A-A’
shows that this zone of high concentrations is confined to the middle portion of the study area. as
identified previously, with some additional but seemingly smaller pockets of higher concentrations
located on either side.

The EVS figures show clearly that high concentrations of methane gas extend over 1000 feet
from the landfill and are confined to discrete layers, It is not surprising that gas measurements at a

given location may show little or no gas, depending on the depth actually sampled. For this study
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ares, near-surface measurements will seldom give high concentrations, and would give misleading

information about the presence and exten! of gas migration,

Summary for JZ

The soil in the study area is mostly silty and sandy clays near the surface, with silt, sand and
gravel at depth. These soils likely retard gas flow to the surface and confine the highest
concentrations, and probably flow, to lower elevations. Pathways for migration are provided by
coarse gruined sediments, root zones and joints in the till.

Gas was found approximately 1000 feet from the landfill and may extend further. Gas
monitoring well 14 (Figure 7) had up to 40% methane, indicating the gas plume likely extends further
to the southwest, beyond the study area. Additionally, the end of the plume extending to the west
(section B-B’of Figure 21) was not defined.

Little or no gas was found in the NW and SE comers of the study area. In both areas this may
be due to a shallow water table near a pond just beyond the area to the NW, and to a pond within the
SE portion of the area and another pond to the SE outside of the study area. 1t may also be due to
topography, as the surface slopes downward both to the NW and SE, bninging deep gas found in

lavers in the middie of the area closer to the surface for venting.

CENTROPOLIS LANDFILL
Cias migration was discovered off site duning soil gas screening in late 1996, This screening
wag prompied by detecting explosive levels of gas near occupied buildings with an explosimeter at

the ground surface adjacent to the landfill. The study area, shown in Figure 22, is bounded on the
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north by the landfill and on the west and east by deep valleys which limit gas flow in these directions.
To the south, the land is level for several bundred feet, bevond which it drops to another valley. The
area of study is mostly commercial, with four such establishments likely to be in the immediate path
of any migrating gases. The entire area, including the landfill, 1= underlain by a limestone mine, the
roof of which has failed at several locations, allowing rock and waste into the mine. The soil is
derived from windblown loess, limestone and shale. In some places fill has been placed 10 provide
level areas for structures and for the major road which passes through the study arca. Potential

migration pathways are fill areas and permeable zones in the natural soils and rock.

MIP and Soils

Nine probes were completed in 1996, labeled D in Figure 22, and six in 1997 which are
labeled M. MIP output is given in Appendix D for 15 probes, including most of these 15 plus some
extra probes placed in the vicinity of the occupied building near D1,2,3. The highest FID readings
were within 200 feet of the landfill, with readings dropping off quickly at greater distances. Probe
depths ranged from B to 26 feet and were limited by refusal. Soil is typically coarse in the upper 3
to 11 feet, followed by silty clays 4 to 12 feet thick. In a few holes there appears (o be FID spikes

at refusal.

Gias Monitoring Wells
Mine wells were installed initally, within 200 feet of the landfill. The locations and general
soil profiles and construction parameters are given in Figure 22 and Appendix D. These wells, labeled

101-109, revealed methane up o 40-50% by volume close to the landfill; those further away had no
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measurable methane,. All but one of these wells were subsequently removed and a second set of seven
wells was constructed generally near the same locations. These wells are shown in Figure 22 (labeled
CPyand listed along with average results in Table 6. This second set of wells revealed much lower
methane concentrations, which may be functions of construction details, screened intervals selected,
or the different times of the year the two well sets were monitored.

Methane was found in wells close to the landfill and at depths where the MIP indicated the
presence of methane. In the outer areas across the road, where the MIP indicated very low readings,

no methane was found.

EVS

Figure 23 indicates the general levels of the highest FID readings at any depth for each probe.
The highest concentrations are close to the landfill, especially near D1, 2 and 3, and M3 and D5.
Concentrations drop off quickly and are basically undetectable across the road. This pattemn is shown
in a 3D plot in Figure 24, which, subject to the difficulty in interpretation mentioned previously,
shows the higher concentrations close to the landfill and the rapid drop off moving away from the
tandfill.

Figure 25 shows these pas concentration patterns more clearly. Section B-B indicates that
the highest concentrations are in the upper zone, where fill 15 common, extending outward 1o the
landfill side of the road (DE) but not 1o the other side of the road (D% and M4). Note that this cross-

section extends approximately 400 feet into the landfill (DB is approximately 50 feet from

49



Table 6. Gas Monmtoting Wells, Centropelis Sanitary Landfill
fincheding data from previmie wells 100-10% for gas concentrabion comaniaon)
Well Mumber | Screen, £t | MIPLog |  Seil Log Avg CHLt FIE Average

Lo 10 - 20 ' '\ 200 n'a
162-A% 4.6 na s 54.5 na
1n2-Bg 15 - 20 wa e 150 na
103 5-10 nia o 355 n's
104 904 0 w'a 1.9 n'a
0541 5-7 n'a e a1 na
106-B2 16-18 e n'a 57.7 T/a
100 5-7 n'e n'm L i's
106-81 10 - 17 na 1/ 0.0 na
17 - 15 nfa n'a 0.6 /e
10E-Ad 4.5-6.5 o's n'a 17.8 s
108-B1 il-16 n na 0.1 na
I 5-9 n'a n'a ol n'a
| T-16 e Liel 135 MiA
2 7T- 16 DOMnE 104 .o M

3 5-1 g 108 64 JEx 0

4 6= 12 L 106 0.0 19x 10

5 fi- 158 4 nine 02 FL R

& LL-20 T 107 0. [ & x 100

7 5-8 7 o7 0. L3x a0
10 L5-6 none noag 03 MiA

t Averapre of all gis resdings, methane {7 by volume)
E These wells were screened at multuple depihs.
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the landfill boundary), but no testing was actually done in the landfill. The EVS is taking values from
D1, 2 and 3 and superimposing them onto the B-B"section, thereby projecting high concentrations
in an drea appearing to be in the landfill. In this case the projection gives a logical result; in some
other landfills and in section A-A’here the projection suggests illogically that the landfill has lower
concentrations of methane than the surroundings.

Section A-A’cuts through the landfill and shows low methane concentrations within the
landfill {generally where M3 is shown). The highest concentrations are in the vicinity of I, 2 and
3, and between M3 and M6. The area by D1, 2 and 3 is consistent with gas well measuremenis taken

in that area, and the depth extending to approximately 20 feet is also consistent with gas well results.

Summary for Centropolis

The soil in the study area is fine, silty clays overlain by clay mixed with clean fill matenal
{rubble, bricks, concrete, etc.). The depth to bedrock 15 generally 20 10 30 feet, but refusal for a
given probe or well may or may not be indicative of bedrock. The porous fill tends to transmit high
concentrations of methane, but this extends only as far as the fill extends laterally. Methane is
generally confined to within 100 feet of the landfill and up to 13 fect desp. There may be a zone near

the bedrock where natural soils transmat low concentrations of methane.
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MODERN SANITATION

Figure 26 shows the landfill and (he study area, which is adjacent to the cast boundary of the
landfill. The area dimensions are close to 1000 feet in the E-W direction by 3500 feet N-5. An old
highway (M 175 is adjacent to it) forms a ndge along the east boundary of the landfill, extending o
the north and south. Between the old road and the existing highway (M45( to M480 are adjacent
1o it) 1s a depression triangular in shape which could vent gas. To the north is a ndge extending from
M1 to M6 and across the highway to M11. Buildings in the vicinity of M1 and M11 plus the
topography make this ridge the primary area of concem. One building near M1 had methane seeping
through floor cracks, prompting the level of study performed. (Note that the building is not an
enclosed structure, and elevated methane levels were not detected within it} As part of this study,
an old abandoned dump was discovered near M1, so it is not clear whether the old dump provides
methane, provides a pathway for methane generated in the main landfill, and/or 1T s0il pathways from
the main landfill circumvent the dump.

The soil is derived from dolomite and contains layers of fractured chert and sandstone. These

layers and macropores are the most likely pathways for gas migration.

MIP and Soil Logs

Twenty-three MIP logs were completed and are given in Appendix E. The deepest was 4()
feet, but many probes were terminated at refusal at much shallower depths. Soil conductivity is
highly variable, with values from close to zero {very coarse, rock, gravel) wo 200 and higher (very
fine, clay) on almost every log. High FID reacings were common but there is no consistent pattem

with depth or lateral location. High FID readings were found on all logs but M3, 5. 6,7, 11, 465,
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470 and 480, Of these, M5, 6, 7,465, 470 and 480 are shallow and would have missed deeper gas,
and M465, 470 and 480 were installed near the highway where bedrock is near the surface. 1t 1s not
known why M3 and || had low FID readings, especially since nearby gas monitoring wells | and 9
had significant methane concentrations. M3 is in an area prone to perched water, which might have
had an effect.

Four soil logs were obtained, which are also given in Appendix E. Figures 27, 28, 29 and 30
are based on these four soil logs and the FID and soil conductivity results from the corresponding
MIP logs. These figures show the erratic soil composition, with highly vanable conductivity which
is usually related (o sand and gravel content. The FID readings are also erratic and less related 1o soil
properties than at other landfills tested. The ematic soil characteristics correspond to field expenience.
which was that very hard layers would be hit, making probe advancement difficult, sometimes ai
seemingly random locations.

The soil is basically rocky clay with some sand. Permeability is very high. Refusal was hit
at shallow depths in several cases, well before bedrock. Soil characteristics are highly vanable, with
hard layers of rock and permeable gravel near pockets of high clay and silt content. The erratic FID

readings are not surprising given these soil conditions.

Gas Monitoring Wells

Eleven wells were installed, as shown in Figure 26 of which eight are summarized m Table
7. Wells 2 and 3 were installed at basically the same location and screened over the same interval as
well 1. Of these three wells, well | was monitored, the results of which are given in the Table.

Similarly, well 5 was a duplicate of well 4 which was monitored. All wells had high
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Tahle 7. Gas Monitoring Wells, Modern Sanitanon Sanatary Landfill

L=
Well Number | Screen. ft | MIPLog | Soil Log | AvgCorected CH,t | FID Average

L 1] 1B 1ol 435 i o 1y

d 7-28 4 L04 5.6 53x 1

L] 0= 15 R’ none 6.4 Box IO

) 25 =40 7 AoneE 344 A% x 1P

K a5-11.5 io BOTE 26.1 b x 108

9 I - 16 1 none 18 f.2x 10

16 915 473 474 33.0 Lix 108

I 2-13 93 193 45 |4 x 10

hﬂ of :wdmgu from ﬂlﬂlﬂﬂf thmu? Dieosmber 1997, comecisd methane iE gvnlnlm'-!
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methane concentrations except well 11, which corresponds to the low FID readings at the upper end
of the screened interval for MIP log 193 (see Figure 30). The most distant weil 1s MS-10, which had
an average comected methane concentration of 33% and high FID readings over the screened interval
(Figure 29). Thas well is 1500 feet from the landfill. Figures 27, 28, 29 and 30 allow a comparison
of average corrected methane concentrations over the screened intervals 1o corresponding FID
results. In general, the comparison is good in that elevated (above background) FID readings were
ohtained in the screened interval giving the methane, but the magnitude of the FID reading does not
relate very well to the actual methane content of the gas. This is not surprising, however, given the
highly variable FID readings and erratic soil conditions, A small highly permeable zone could provide
most of a gas sample, which would hardly be noticed over the screened interval with the FID resuls,
The lack of a quantitative commelation between average methane concentrations and FID results is

further illustrated by the other gas monitoring wells as shown in Table 7,

EVS

Figure 3| provides interpolations for the highest FID value a1 each MIP probe over the study
area. The result is not very helpful, plus it contradicts the results from the gas monitonng wells.
Table 7 indicates the highest average methane concentrations at MW 1, 4 and 6, corresponding to
probes M1, 4 and 6 on Figure 31, which have low 1o moderate gas according to the EVS.
Monitoring wells 7, § and 10 have lower concentrations at 26 to 35% methane, corresponding 0
probe locations M7, 10 and 473C on Figure 31, which are indicated at low o moderate gas levels

according to EVS. Finally, wells 9 and 11 had low methane concentrations (4-8%), with their
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comesponding locations of M11 and 193 on Figure 31, respectively, showing correctly low gas in the
first case but moderate gas for the second well,

The high gas arcas between M455 and 460, and between 455 and 175 are also troublesome.
Undoubtedly, the computer program considered the increased FID reading in going from M465 o
M460 and projected a continued increase bevond M460, which had to plateau and then decrease 1o
meed the reading at M465. The result is the unlikely area of high gas shown, There are no probes
n the areas of highest projected gas concentrations (FID readings) to temper these projections. An
additional complication is the valley between M1 75 {which was only & feet deep) and M455/460 (20
and 23 feet deep), making it even more unlikely the pathway suggested in the EVS plot is real. The
EVS plot does comrectly suggest more gas along the old road, near the landfill, and especially to the
north in the vicinity of M1, 2, 3 and 4, extending but at lower concentrations east to M10.

The 3D plot, Figure 32, correctly shows higher concentrations close (o the landfill and
extending to the north. Three cross-sections are given in Figure 33. Section A-A"indicates gas at
| 000 feet, which is consistent with FID results and the monitoring well (MS 10) results in this area.
The elevated gas levels sugpested at approximately 3000 feet (M450) are reasonable given the
proximity o the landfill and the shallow valley between the landfill and M450. Finally, the gas at
4000 feet (M10 and 11) is reasonable and is backed up by monitoring well & results showing 26%
methane. Note that the projections to lower elevations, especially around M450 and M10 and 11,
should be treated with caution, as there are little to no data to back them up.

Section B-B'shows elevated gas concentrations only in the vicinity of M 189 and near the
surface, Monitoring well |1, screened from 9-15 feet, averaged 4.5% methane, backing up the cross-

section projection to some degree. Section C-C"shows elevated methane near the landfill (M175),
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especially at depth, and again to the north from M4 on to M6, 7 and 8. The migration to the north
is supported by monitoring well results (MW 1,4, 6 and the deeper MW7), Once again, projections
at deeper levels should be treated cautiously, as they are based on little to no data, the exception
being in the area of M1 through 8, where deeper probes were possible and where wells of different

screened intlerval depths were placed.

Summary for Modern Sanitation

The soil is very rocky. The parent material for this soil is dolomite bedrock, which contains
an abundance of chert. There are also some sandstone layers. Clay 1s mixed with the rock along with
small amounts of sand. Weathered rock lenses were observed in all soil cores taken. The soil 15
highly permeable and can readily transmit high concentrations of fandfill gas long distances. These
natural pathways are complex and enhanced by the old road and highway, the topography with
valleys, ridges and hills; fill for road and building construction; and the old dump adjacent to the
northern landfill boundary. Clean fill under the highway acts as a preferential pathway for gas
migration along the highway, as suggested by the data.

Methune was found up to 1500 feet from the landfill and along the highway at concentrations
cxceeding 20% by volume. Cas is likely to migrate further, especially to the NE, but this was not
determined in this study. Probe depth was limited by refusal, sometimes at less than 10 feet, limiting
information &t deeper locations. Since refusal was commonly a hard, rocky layer, gas transmission
below refusal is likelv. Projections based on available data indicate gas migration pathways at deeper

levels, but the lack of data except in a few areas makes such projections unverified
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SOUTHEAST LANDFILL

The study area is shown in Figure 34. It is a flat area to the west of the landfill. The landfill
is located on a large point bar for the Blue River near Kansas City. The soil is alluvium and contains
clay, gravel and sand layers, of which the gravel and sand provide pathways for methane migration.

Of special interest al this site is the gas flow in an unsaturated layer between two saturated zones.

MIP and Soils

Nine probes were completed, supplemented by three soil cores of which two were associated
with probes. The locations are shown on Figure 34. The MIP and soils results are in Appendix F and
form the basis for Figures 35 and 36. The outermost probes M3, 4 and 5 showed very low FID
responses; M2 had spotty but higher values at 35 to 40 feet deep. M6 also had a low response, within
the top 10 feet or so, and 1s closer to the landfill. High FID values, found at M1, 7, 8 and 9, tended
to be shallow at less than 6 feet, or deeper at 30 1o 40 feet. Water was found at approximately 10
feet bgs, followed by an increasingly unsaturated zone from approximately 20 w 40 feet bgs.
Methane was found, consequently, either in the shallow unsamrated layer, or below the perched

groundwater zone,
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The combined MIP and soil logs, Figures 35 and 36 show low amounts of sand and gravel
which are reasonably mirrored by the medium soil conductivity values. High FID values were found

in the top 10 feet for probe 7, and at 20 feet and deeper for probe |Ir.

Gas Monitoring Wells

Thirteen wells were constructed prior to MIP tests. Since many of these were installed 1o
meet other objectives, not pertinent to this report, they are not given here. The five pertinent wells
are deseribed in Table 8, of which Wells 7 and 8 are related to the probe and soils results in Figures
35and 36. Well 7 has a screened interval that intersects elevated FID readings; however, it proved
impossible to seal this and other wells through the perched water and the wells filled with water,
precluding gas measurement. Well | was screened in the lower layer and did yield & gas sample
during probing, but not after the well was installed. Well 8 was screened from 4 10 10 feet deep and
did have a high average methane concentration of 52.1% that corresponded to the high FID readings.
This well is close 1o the landfill, near M7; the other wells were further from the landfill and near M1.
Wells 1, 2 and 3 had erratic methane concentrations, ranging from zero to over 40% methane, with
averages given in Table 8. Given the variability within a given well, these averages must be

cansidered with caution.

EVS
Figure 37 models the highest FID readings at each probe. It shows a logical progression of
gas concentrations decreasing with distance from the landfill. The 3D plot. Figure 38, shows gas in

two layers, which 1s better illustrated by the cross-sections in Figure 39. Section B-B’
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Tahle 8. Gas Monitoring Wel
— .

Is Southeast and Mexico Sanitary Landfills

Well Mumber | Screen, fi | MIP Log Soil Log Gas Comrected CH, T FID Average
Southeast Sanitary Lundfill
| 3G - 45 It N 2774 e
2 710 It none 9561 nfa
3 -6 It iTeI 2087 o'a
7 3645 ir | .0 B2x% 100
] 4-10 7 z 521 1.2 x 10°
Mexico Sanitary Landfill
1 T-19 | 1 | B 555100
4 T-19 i - | i 55 x |0
1 Avermge of all gas readings, methane (% by volume)
Resdings varied from (2 o than £0% methane .
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clearly shows the deeper gas migration pathway and hints that there may be shallow gas as well. This
section suggests deep gas extending over 1000 feet 1o the west of the landfill. Section A-A"more
clearly shows both layers of gas. The shallow gas drops off to the north (toward AY). The deeper gas

zone is over 1000 feet long, dropping off beyond M4 but stll showing an impact at M6 and beyond.

Summary for Southeast Landfill

Clays and silts are mixed with 5 1o 10 foot thick sandy layers in this alluvial valley. Porosity
is inter-granular according to soil type and is not controlled by fractures or rock layers. Methane was
confirmed 500 feet from the landfill, and MIP results suggest deep migration of at least 1000 feet.
The highway between the study area and the landfill boundary is above the elevation of the study area.
It is not known if the highway has an effect on gas movement, but gas is migrating under the hughway.
There are reports that the depression between the highway and the landfill was filled with waste,
which would in effect move the landfill boundary closer 1o the study area by 100 to 150 feet.

The near surface gas dissipates faster than does the deeper gas, most likely due to surface
venting. Depending on surface conditions, the extent of shallow depth migration would be expected

to contract or expand--a scenano not monitored here.,

MEXICO LANDFILL
Methane was found at the property boundary during an investigation by a consultant on behalf
of the landfill. The study area is adjacent to the southeast comer of the landfill. The area surrounding

this portion of the landfill is used for agriculture, including the study area. The soil is a tight clay
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derived from glaciation containing micro-fractures and root zones, which constitute the most likely

pathways for gas migration.

MIP and Soils

Eight probes were completed, as shown in Figure 40. Probe logs are included in Appendix
G, along with two soil core results. Figures 41 and 42 were compiled from logs contained in the
Appendix, 1o which were added average methane concentrations over the screened intervals for the
gas monitoring wells constructed at MX1 and MX4. The two figures show low conductivities,
indicating a layer of coarse surface soils, over the top 3 feet. Conductivity increases from 3 to 5 feet
deep, beyond which it levels. This is consistent with the fine grained soils noted in the soil Jogs,
which are summarized in Figures 43 and 44.

High FID readings occurred in M1, 3 and 6, which are ata topographic high. M7 also had
high FID readings and is close to the landfill. Probes with low FID readings are M2, 4 and 8.
Elevated FID readings occurred generally from 5 to 20 feet bgs if found at all. Clearly. in spite of the
tight, clayey soils, the many root zones and (ractures revealed in the soil cores are able o transmit
methane. The deeper probes generally terminated 20 1o 30 feet bgs because of low FID readings.

Bedrock was not encounterad.

Gas Monitoring Wells

Four wells were installed, prior to the MIP%, of which two failed and are not considered

further. The remaining two provided low average corrected methane concentrations of 1.7 and 1.3%,
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as shown on Figures 41 and 42 and Table 8. Both wells were installed within 5-10 feet of the landfill

and were screened from 7 1o 19 feet bes.

EVS

Figure 45 15 the EVS output resulting from the highest FID reading at each probe location.
Mote that the high gas concentration areas shown refer to the highest readings at this landfill. The
numerical values for these high concentrations are not necessarily the same as those shown in similar
areas for other landfills. The highest values are in @ zone extending from along the east boundary of
the landfill to the south, ranging from M7 through M1 and M6 to M3, The south border of the
landfill has little gas, except for a relatively high and unexplained value at M5,

The ID plot, Figure 46, shows clearly two layers of gas, with the improbable low gas
concentrations in the landfill iself 2s noted for other EVS plots. The cross-sections, Figure 47, show
the two layers of elevated FID readings more clearly, with the shallow gas extending along the eastern
border of the landfill and to the south over 400 feet from the landfill. The deeper gas layer 1s shown
along the southern border of the Jandfill and extending to the south over 400 feet from the landfill.
Mote, however, that this lower layer may or may not exist as widely as indicated, as it results from
only M3 and M3 this far south of the landfill. Time and budget did not allow additional probing to

determine the extent of this layer,
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Summary for Mexico

The soil is predominately tight clays but with micro-fractures that likely provide the pathways
for gas migration. There are very fine root structures near the surface, but only low FID readings
were found this close to the surface. Relatively high FID readings were encouniered up to 400 feet
from the landfill, which was the limit of exploration. The high readings at distance were not verified
by gas monitoring wells, but experience at other sites where such confirmation was performed
suggests the elevated FID readings do correctly indicate the presence of landfill gas. The depth of
the landfill may limit the depth of gas migration; however, soil fracture patterns may also be & limiting
factor. These results are not conclusive in this regard.

It is notable that gas migration clearly occurs in an area known for its tight clays, and that near
surface measurement will not discover this gas. The importance of layering and imperfections in the

clay are obvious.

RENFRO LANDFILL

This landfill is in 2 karst region of Missouri. Limestone solution features are commaon in the
area. The study area is north of the landfill and 15 bounded on the east, north and west by deep
valleys. To the south, the study area is bounded partially by the landfill but alse by a deep vallev. Gas
migralion testing began approximately two years ago, which revealed migration into a small portion
of the study area both at shallow and deeper levels. The soil contains large amounts of fractured

chert, layers of which are likely pathways for gas migration.

GRY



Previous Investigations

Gas monitoring wells were installed in multiple sets over time at this landfill. Well and vent
locations are shown in Figure 48,

Methane pas was initially found near the landfill dunng drilling for groundwater monitoring
wells. Gas was released from zones near the bedrock/soil interface. Nine passive gas vents were
drilled into the landfill in an attempt to reduce gas pressure and hence migration, and several gas
monitoring wells were placed around the perimeter of the landfill. Resulis from these wells plus other
information indicated methane may have been migrating into a nearby mobile home park, which is
part of the study area. Seven shallow gas monitoning wells were then mstalled in the mobile home
area, two of which showed high methane concentrations approaching 30%. This prompted
installation of ten more shallow wells, of which three had high methane concentrations. Six more
wells were then installed deep around the perimeter of the shallow wells, of which three had high
concentrations. Finally, the on-site passive venis were converted o form an active gas extraction

system in May 1997 in an attempt (o stop gas migration.

Recent Investigations and Results

All gas monitoring wells in the mobile home park to the north of the landfill, which s across
the road running east-west just north of the landfill, have had non-detectable methane concentrations
since operation of the active gas system began. Gas wells 3 and 4, less than 1000 feet from _ﬂli.'
northern landfill boundary, have shown methane concentrations greater than 50% prior to the active

system, Since the active system has been in operation, well 3 methane levels
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have been zero or very close to zero and well 4 concentrations have fallen but not reached zero (not
detectable),

The last gas monitoring wells installed are numbers 31, 32 and 33, also shown in Figure 48,
approximately 100 feet from the landfill boundary. Table 9 indicates well installation specifics, and
Figure 49 gives the results over four months. Note the active system began in May of 1997, The
curves show that the highest gas concentrations are at the medium and deep levels; shallow gas (8
to 18 feet deep) is less than 3% methane. The rising levels from Sepiember to November mirror
increases measured during these months in previous years.

Methane constant concentration contours are given in Figure 50. These contours reflect
aversge concentrations over August to November, 1997. Note that little methane migrates under the
road and into the mobile home park. The only area projected to have measurable concentrations
(ranging up to 10% methane) across the road is bounded by 5P1 and wells 23, 24 &nd 9. There are
no wells in this arez except for two unnumbered wells between well 15 and wells 31, 32 and 33, The
two unnumbered wells averaged 3 to 10% methane and are off to one side of the measurable methane
area. Thus, there is a lack of actual measurements delineating methane migration across the road

since operation of the active system, the area shown is based only on projections.

Summary for Renfro

The soil is derived from cherty limestone, which has weathered to a residual scil with as much
as 50% cherl, The chert is ofien found in fractured layers, which can be highly permeable for gas
migration. Deep monitoning wells indicated, prior to operation of the active gas extraction system,

methane concentrations up to 26%, 600 feet from the landfill. Shallow wells have shown up to 52%
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Table 9. Renfro SLF Well Specifications

Well Total Depth, ft | Screened lll:n!uzr'.-'al.—ﬂII
#31 41 24-34
#32 36 8-18
#313 52 37-47

methane in the top 6 feet of soil, but this shallow gas is spotty with some arcas ai very low gas
concentrations. The valleys bounding the study area act as cutoff trenches limiting gas migration.
Since operation of the active system, the extent of migration has been reduced to within 100 to 200
feet of the landfill at all depths. The depth of gas migration is presumably limited by bedrock and

waste depth. Note that there were no deep monitoring wells to measure the depth of migration.

GENERAL DISCUSSION

USE AND EFFECTIVENESS OF THE MIP

The MIP is an expensive tool, requiring expertise to operate and 1o interpret the data;
however, it can provide much guidance in a short time regarding soil conditions and the presence of
organic gases in soil. Table 10 provides probe operation statistics. At an average probing time of
46 minutes to achieve the average depth of 20.2 feet, the process of data generation 15 very efficient,
Rig set up, take down and relocation ume must be added, but even this is efficient with an average
of 6.2 probes completed per working day, Probe depth was typically limited by refusal based on hard
rocky layers or bedrock: The ng is capable of probing 1o 60 feet; the deepest probes achieved here

were in the 40 to 45 foot range. Clearly, much information 15 obtained in a refatively short time by
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Table 10 MIFP Fmtdnﬁ Slatistics

Stanistic Valuoe Comment

Average Time per Probe Hole 46 munaies
Average Rate of Probing 0.48 ftymin

{l Total Mumber Probes for this Project 93 probes Including Mon-completed Holes
Total Time Spent Probing 717 hrs
Total Mumber of Days Probing 15 days Incldes Partia] Probing Days
Averige Hours per Day Probing 4§ hrs Rest of Time Is Travel, Setup and In-feld

Mainiemance

Average Probes per Day 6.1 probes Inchades Partaal Probing Days
Averape Depth of Probes 202 1 Including Mon-completed Holes
Maximum Prabes in One Day 10 probes

|| FH.'HEE DEEI']! of Mux Probes in One Day | 162, 20611 | Achieved at Two Sites
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this technique. Conventional soil logging and soil gas sampling and measurement would take much
longer and would not provide the detail, especially with regard to soil gas presence or concentrations,

The major difficulty with the MIP is the resulting data do not provide absolute information
about soil characteristics or gas composition. The probe speed and soil conductivity logs must be
interpreted and can be misleading. The only way to obtain solid, ccurate soil information is o gather
soil cores for logging and analysis. Similarly, the FID (and PID) log is in units other than gas
concentration and so must also be interpreted and then typically confirmed by installation of gas
monitoring wells to obtain and finally analyze gas samples.

There is a general relationship between FID readings during probing and gas compositions
measured later with wells, as noted throughout this report, but it is neither direct nor exact.
Calibration of the FID reading in the lab in & closed test vessel without soil provided a strong
relationship between reading and methane concentration (Table | and Figure 3). Ficld calibration is
less exacl, with soil characteristics, moisture content, screened interval selection, and other factors
complicating the relationship, but even so, field calibration gave results similar to the laboratory
results (Figure 4). In all but two of the probe locations where wells were later installed, the MIP
correctly indicated the presence of methane. At the first of these two locations, the probe predicted
little to no methane, yet the well produced samples always greater than 5% methane. In the other
case, the MIP predicied moderate methane concentrations, but the well samples had very low 1o
undetectable concentrations. These disparities may be due to specific locations within the screened
intervals controlling gas composition, well construction, or seme other unknown factor

The FID did in fact provide readings generally comparable 1o sol gas composition measured

with wells. Certainly as 8 screening tool indicating presence or absence of methane, the FID was
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effective. Furthermore, higher FID readings were usually cormoborated later by higher measured
methane concentrations. Additional experience may improve the ability to predict soil gas
concentrations under field conditons with the MIP, but it is unlikely 1o replace direct soil gas

sampling and analysis, especially for legal or enforcement purposes.

USE AND EFFECTIVENESS OF EVS AS AN INVESTIGATIVE AND DATA
VISUALIZATION TOOL

The plan view 2D plots using the highest FID readings for each probe to indicate areas of high
to low relative FID readings {methane concentrations), and the confidence in the areas being accurate,
were somewhat useful. Improbable results, especially those showing relatively high FID readings,
occurred. They were usually atnbutable 1o the lack of information outside of the smdy area. These
plots need to be treated with caution and need careful interpretation. At JZ the reliability plot after
the first set of MIPs was used as guidance for a second set of MIP's with marginal results. The new
probe locations did not greatly increase confidence in the results, and new probe locations could have
just as well been decided without the uncentainty routine of the EVS.

The 3D plots are useful as a tool to visualize relative gas concentrations, but may be diffioult
1o interpret. The reliability of the plot obviously depends on the amount and quality of data, over the
three dimensions encompassing the study area. Table 11 gives the grid dimensions and node spacing
for the six landfills. Generally, better results were obtained with smaller Knging parameters.
Visualization of the 3D plot is hampered by varying topography, with hills and valleys l;crmplui::alinﬁ
the result such as to possibly obliterate gas pathways. Overlapping of pathways can shield some

pathways from view or create apparent high or low gas zones that do not in fact exist. The lack of
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Table 11. Kriging Parameters

Facility Grid Size, X x Y MNode Spacing, It
Centropolis SLF 35x20 35
JZ SLF 24'x 30 60
Mexico SLF 36x 20 40
Modem Sanitation 40x 15 100
Southeast SLF 18 x 20 &l
Renfro SLF 39 x 50

coordinates contributes to the difficulty in visualizing and interpreting the 3D plot. The 3D plot 13
more effective in n area with minimal topographic changes and more uniform soil and resulting
pathways throughout the study area.

The 2D cross-section plots are more useful in showing relative gas concentrations and gas
migration pathways. Used in conjunction with the 3D plots, two or so cross-sections sufficed;
without the 3D plots, several cross-sections would be helpful to visualize gas presence and migration
pathways. The 2D plots were especially useful to show the layening of gas presence or pathways.
In most sites studied here, the higher gas concentrations at depth were easily documented and
visualized, as was the migration distance away from the landfill.

With EVS it is possible to build rather misleading plots, showing unlikely gas presence, ancas
of high methane concentrations away from the landfill and areas of lower concentration adjacent 1o
the landfill, andor zones or layers of gas migration bordering on speculation. These situations arose
here when there were little data with probes spaced far apart or not extending deep enough. Complex

geology and significant topographic changes were also contributing factors, Less satisfactory models

Gy



were created at Modemn and Centropolis for these reasons, Other models were better but were
limited by inconsistent soil conditions (such as at JZ) or by the lack of data (as at Mexico).

Given adequate data, properly interpreted, the EVS is a powerful tool compiling and then
illustrating the results of bundreds to thousands of data points to show gas presence and migration
pathways, and the extent of migration. There 15 no method other than the MIP known to provide the
detailed albeit relative information regarding gas presence in soils, and no method better than EVS
to compile and illustrate the results. The output is graphic evidence of gas migration pathways and
zones of little to no migration, information unobtainable except at great cost and over a much longer
time span by other methods. The ability to reveal gas migration under perched groundwater, and to
deal with the complex soil conditions at these landfills is obvious and notable. The need for data sets
lo be as complete as possible, for careful interpretation of results, and for some confirming soil logs

and gas samples and analyses 15 egually obvious in using and applying this information.

SUMMARY AND CONCLUSIONS
This study produced clear evidence of gas mugration at each of the six landfills tested.
Migration pathways were documented at shallow depths, but more importantly all sites had deeper
pathways, usually with higher methane concentrations than found at the shallower depths. At
Mexico, Southeast, JZ and Modern Saniation, methane measured in shallow wells was not
representative of deeper migrating gases. Furthermore, it is the deeper pathways that produced the
greatest horizontal migration from the landfills, ranging from 100 1o 200 feet at Renfro o well over

1000 feet a1 JZ. Inveshigation of gas presence at multiple depths is necessary to determine gas
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migration pathways and the extent of migration, and to develop an effective gas migration control
plan.

Different geological settings charactenze the sites tested: Southeast - nver alluvium, Mexico -
glacial till with tight clay, JZ - glacial till and drift with sand and clay, Renfro and Modemn Sanitation -
cherty clay from Mississippian limestone, and Centropolis - silty clay with windblown loess,
Pennsylvanian shale and limestone with large areas of clean fill. These different geologic settings
resulted in the following observations: (1) Tight clays can transmit methane gas, as observed at the
Mexico site where high FID readings were found up to 400 feet from the landfill boundary. (2) Areas
of clean fill (rock, dirt, concrete, etc.) over native soils will most likely be porous and readily ransmit
gas, as noted at the Centropolis landfill. (3) Methane gas will migrate under perched water zones,
as observed at the Southeast landfill. (4) The JZ site illustrated that a given area may provide both
distinctive pathway flow as well as more widespread flow through sotls. (5) Complex soil structures
will generally lead to more complex migration patterns as noted at both the Renfro and Modemn
Sanitation sites. (&) High methane concentrations can be found at the bedrock/soil interface. as found
at the Renfro and Centropolis sites. Additional methane gas was distnibuted more generally within
the surficial soils.

One major pattern of methane gas migration documented through the use of the MIP and the
EVS software is the preference for horizontal gas migration as distinet from vertical migration. This
is mainly a result of the horizontal nature of surficial material structures. This study showed that
methane pas can move in excess of 1000 feet from a landfill and the extent 15 casy (0 underestimate
without & full investigation. Defining the geology and hydrogeology of any site is of utmost

importance in determining the pathways and extent of methane gas migration
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Topography is imporiant. Renfro, Modern Sanitation, JZ and Centropolis landfills are all
adjacent to deep valleys on one or more sides. These valleys seem to be instrumental in limiting the
extent of the gas migration. However, caution should be exercised when characienzing a site because
methane can move around {Modern Sanitation) or under & valley (Centropolis) depending on
geological conditions. The depth of the waste must be considered relative to the depth of the valley.

The on-site active gas withdrawal system at Renfro was found to not eliminate gas migration.
Gas was atlenualed at some depthis, but others continued to contain high methane concentrations.

Finally, the location of all buried waste should be defined. Unknown areas of buned waste
may occur near older landfills where dumps were operated before regulations were in place. These

will produge methane gas and can provide pathways for flow of gas generated elsewhere.
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Appendix A
Field MIP Calibration Logs

JZ Landfill
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Appendix B

MIP and Soil Logs tied to
Gas Monitoring Locations, JZ Landfill
and Compiled in Text as

Figures [pl16B] to [pl6H]

Key:
MIP Number Gas Well Number
M5 JZ 12,13
M6 JZ 23,24
M7 IZ 17,18
M8 JZ 14
M9 JZ 21,22
M10 JZ 20
MI11 17 19

Note: For MIP logs. top curve is rate of advance. then soil
conductivity, PID, FID and last is probe temperature.






Eiy
SOIL CHARACTERIZATION FOR JZ LANDFILL - ¥
BORING # M-5 K
DATE July 21, 1997 ity
-El‘p':ﬂp
DEP COLOR S0IL TYFE % | STRUCTURE PORES H,O
TH 4 CHAN-
(Fty | MATRIX 5 SAND o ROOTS MNELS
C
MOTTLES RCLAY K
SOMLPORES
-2 excavated | Jor spider wells
2-7 I0YRAD 10YRs/ 13 25 inedium few Few fine silt coals
(5% subangular fing; | Imen
blocky few ki
medium et
—&l| Few
fine
tubizlar
198 10Y R&MS 2 5YR4/5 I5 & 1] weak few Iy clay skins
ch subangular VETV L‘"ﬂT
hl'ml"-:"' fine -t few
fine
tububar
0E- 10 REE 2 3YR4%6 3 &3 massve
|
1.5 1O G 2 AYRAMG 40 30 5 weak e T Feilin
12 ch subangular Lary L’:‘::: oudules
blocky fme al Tl
Ty
fine
ke
-l
1. massIve
12.5
|2- I10YRas | 10YReT - 20 25 3 medivm [ Fw fine Fe/Mn
13.5 LAYRAG ch subanguiar line ""”:T" stamn
hiocky fieiw '
medium
(33 | I0YR&S 435 pa1 WAk 5kl coals,
15 subsangular FeMdn
brlncky tradizhes,
caleie
depan




I5- Y R&S I1OYRS52 43 13 5 ek few Many Fedvin
204 + ch subangular fine, ?“' samns
2 SYRAM bbocky bew | it
mediim | few fine
ERETERI
-al
200 4- 10 Kt 2.5YR4% b1 pli] weak ey
218 444 subpngrular :_:;"
blocky sulbiukar
few fine
irkersii
-4
ILE- | 10YReH 1Y RES 46 By 5 weak :;
| y i tiiechiif
228 [30r%a) ch El-_hﬂrlglJI:BI Hraeratil
tlocky -al; few
fne
mersili
al
22 E- I0YRSS n 1] fnecium few fime Febdn
28 +H32 subangular .m:lmn podules
blocky
I8-31 HOYRAS 70 o [0 mediim fE‘*‘r""t_ Feivin
+2 subsngular “L’"" foschiiles
bioeky
31-34 | 25YR4% | 10YREA i 3] |G weak few fine Fe/Mn
£ 20%%) subangular '“"f':‘" nodubes
blosky
34-38 | 1OYRBSE a0 45 5 weith few Fein
5] subangular mediirs | staing &
Blocks e | pndules:
firie calafe
imerait depisil
il
JEAD | OYREGHE 15 10 ekl Feitvin
+5id-+d/d gubangulas SIS
hiaeky
- 10%R3 14 45 15 MmassIve Iy
4253 ch et
mierRa|
=&l
mamy
murdium
reTEik]
-al

Several factors make this soil very conducive for significant gas and liquid movement. Roots
were found from surface to 20'; a root wad was found at 12-12.5°. These root channels would
allow rapid rmgration n all directions.  Several weathered chert beds were found (1112, 135+
15" 28-31" and 38-40") which could allow significant horizontal movement. High percentages




of sand were found from 9-34' which could allow movement in all directions.  The presence of
alternating Fe/Mn stains and silt/clay seams show significant water movement from the surface
to 40°. The presence of alternating Fe/Mn nodules and caleite crystals at various places in the
profile shows layers of soils which impeded water movement and contained conditions

conducive for chemical precipitation (e.g. low pH). Good soil structure and a high percentage of
silt in these soils would allow sigmificant movement through these soils when soil moisture
conditions are dry. The sudden change in soil color at 40-42 5 indicated the presence of leachate
contaminants or long term submersion under water The soil had a moderate “landfill odor” and
did not seem to be excessively wet, thus lending credence to the presence of leachate theory
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SOIL CHARACTERIZATION FOR JZ LANDFILL Tha, -E%
BORING # M-6 2
DATE July 24, 1997
DEP COLOR SOILTYPE % | STRUCTURE PORES H,O
TH R CHAN-
(Ft) | MATRIX % SAND 0 ROOTS NELS
C
MOTTLES “%CLAY K
: SOILPORES
0-25 | 10%R4a i 25 weak TmAnY fewfine | gt seams
4502 subengular very ":’J"r‘”
blocky fine; | Tpo
few Tubudar
firer,
I
medium
153 | |OYR&S IOYR53 an 30 weak few fine fow FeiMin
32 subangular i stasns
; infersisti
blocky -al, frw
[
HIEELL
2
324 | IDYR4F | ZS5VRAM 3] 0 i wezk few fine | few fine Fevin
(20%) ch subanguiar "“"“':'"“ nodules.
blocky " clay skins
4-7 [0 R34 I0YRS2 15 35 10 winhl Ay fewn fime
(5%} ch subrangular very '“‘:‘}“"'
blocky fine. ;:1::1
Ty il
fime, -al
many
corae
f-10 10YRGG 10YHRar 20 30 10 weak few fine T
Sep ch sushanpular T:‘m
bicaky al fouy
fine
mersiiti
-ul; few
fine
tububar




10-13 1OYRE/R 10YRE2 (K 30 i5 wiesk few fem Fefin
GEAMS ch subangular medium | ™M | gaine g
3 inleTedils
biocky uls fid cdules;
B 4t seams
ezl
al; e
[t
[I6=511
[3-1T | IOYRAE 10YRE2 15 15 < weak Few fine fiw Feitdn
searms 5 subungulas """"""ml nidules,
Blocky ok e gilt scams
fine
LRl
al, few
fing
rubular
i7-19 | 10YR6R I3 35 < wiak o fiee Fetdn
5 guhamjular e | channels
. sl few
Hﬂ:h medimm
imersii
-al
[9-22 | 1DYHRSE 10YRES 15 30 3 medum few fine Fedn
RSk ]
subangular it foa f.u.'.d-r.ln.'-l.
blocky medium | St ScHME
e
-
22- IDYRIES IOYREM+ 3 32 5 medium few fine | few Foe FeMn
7.5 &7 soams subangular '"T"r:": nodules;
blocky 1,:“ sill sgams
Telnitar
17 5 Y HiS IOYRAA+ L3 E week
285 Gl seams subangular
blocky
185 | |OYRES 44 | rassive
a9
R [ LOYROS 40 [ eriedium
31 subangular
Hlocky
3l-34 oY RAM g0 10 sl TIASSTVE
34-37 [OY RS L1 20 =l LRIV
3740 | IDYR&aE | TSYRSAG g 0 EREivE fiew Fedn
+314+4i4 (3%} Phaird stams

Several factors make this soil conducive for significant gas and hquid movement  Koots were
found from surface to 28" These root channels would allow ramd mogration in all directions
High percentages of sand were found from 28-40' which could allow movement in all directions




The presence of alternating Fe/Mn stains show significant water movement from the surface to
28" The presence of alternating Fe/Mn nodules at various places in the profile shows fayers of
soils which impeded water movement under certain conditions. Good soil structure and a hugh

percentage of silt in these soils would allow significant movement through these soils when sail
moisture conditions are dry
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SOIL CHARACTERIZATION FOR JZ LANDFILL
BORING # M-7
DATE July 24, 1997

DEFP COLOR SOILTYFE %% | STRUCTURE PORES HO
TH R CHAN-
(Fr) | MATRIX e SAND o ROOTS NELS
s
MOTTLES FaCLAY K
SOILPORES
025 ALK VADIDT fisr spider ulls
A 10YHAM LAYR4N 24 35 redium few fime r*“'ﬁ{‘*l cta}l
il subingitlu alfew | Seams
blecky fine
ool
s1- | 10YR&M | 15YRa% 35 15|10 vk el
&5 subangular '1‘;:::'
blocky e
cabuler
6.3- [0 Hid 2.5YRam 35 i3 14 wiak few fine | fewfiee | clay seams
74 subranpular "_:ﬁ'
blocky o
nutealer
T4 10¥R5% ¥R [0 | weak fen fow [ | it zeams.
10 subarmgular fine :’:‘“;:':' Favin
Hiocky few e
medium | ol
B 0% RS% .l 25 el few e [ine stlt 5eams
subangular fing: | MR
Blecky [0 fing
MRl | bl
I1-14 | OYRSM 10 25 wezk fow fine | fewfine | FeMn,
subangular FRELE ] gl searma
-l Few
bk medium
fdnalay
14- |DYRSS T0YRA 13 2 micdium Enany fiew Jing Feshin
{47 seum subangulas fine ‘_":I"';’i' slains
biocky Fem e
mednas | bl




LaT- I0YHAS IOYEAS 20 31 5 medium o Ein Fein
7 subanpular ""I":: sKins &
blocky e niodules
lubale
17:22 | IDYRSM 10YRA 15 40 5 weak few fine | fewfine Fesin
sems subangular "1‘]“‘_ &wm' nodules;
blocky medinen | SVt seams
tubsrdar
2226 | 1DYRSM LY RA 15 40 5 weak few e Eine Feefhin
scams subanguiar fine, ""'}“:“ nidubes;
hilocky few medium | Sl seims
medium . | pubobar
25-3F | 10ARSA 20 15 1o mediem Fen
-3 subangular podules
blocky

Several factors make this soil conducive for gas and liquid movement. Roots were found from
surface to 28' These root channels would allow rapid migration in all directions. The presence
of alternating Fe/Mn stains and nodules and silt and clay seams show water movement from the
surface te 31", These soils show |ess rapid movement than those in M-4-M-6. Good soil
structure, good soil pore percentage and & high percentage of ilt in these soils would allow
significant movement through these sails when soil moisture conditions are dry.
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SOIL CHARACTERIZATION FOR JZ LANDFILL I
BORING & M-8 Brs
DATE July 24, 1997 e o
DEP COLOER S0ILTYFE % | STRUCTURE PORES H,O
TH R CHAN-
(Ft) | MATRIX e SAND o ROOTS NELS
e
MOTTLES LAY K
SOILPORES
-2 sapavation Tor gpides wells
2-5 I0YRSM 1a 20 5 misdium few fine
=4/4 eh subangular e
il i
blocky ot
tubider
56 IBYRAY | Z5YH4S 20 £ < medium firk Fefhin
3 subanguiar medit® | cgnnela;
ch blocky HERE ] elay skins
-9 IOY RS 23TRdM i3 33 3 miediurm LAy Fefdn
ch subangular F"'-'“ channets.
blocky i | I conts
|
b-12 10 HE3G 10 RA 2 34 - weak Few fiew fime Fein
4+ Seams 5 subangular very ""f“' channels,
FYRAM bleaky fin= sl seams
12-18 | 10YRS% Y RE 5 35 5 weah few hix st searms
=44 + SEEMS ch subangular (e 'F::
SYR4M blocky L34 | it
al; few
mgtum
g
-al
| &-21 IO R 25YR4M 20 43 3 very wenk few ANy Fehin
ch subanguias very E"*_I stains &
hiocky fine | e | modules
fine
Fubnilar
2-24 Y RES Y Ra a0 20 = rmectilm Fte fan
& 3 :ubanguia: rubutai
2AYRAM hincky

Several factors make this soil conducive for gas and hquid movement  Roois were found from

9-21' These root channels would allow rapid migration in all directions  The presence of



Fe/Mn channels show rapid water movement from 5-12°. Fe/Mn stains from 21-24' show rapid
water movement in this zone enhanced by the presence of tubular soil pores.  Silt seams and clay
skins from 5-18' show slower water movement through preferential pathways in that zone. A
high percentage of silt in the profile from 9-24" would allow significamt movement through these
soils when soil meisture conditions are dry
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SOIL CHARACTERIZATION FOR JZ LANDFILL 2
BORING # M-9 B
DATE July, 1997 S
DEFP COLOR S0ILTYPFE “% | STRUCTURE PORES H,0
TH B CHAM-
{Ft) | MATRIX % SAND 0 ROOTS NELS
R iC
MOTTLES WOLAY K
SOILPORES
C-06 | 25YRSM4 K14 10 granuler rrany
VELY
[ime
0, 6- 107 H4M <) 23 medium ik fewe
|2 subanglar fie, iy
biloscky few bl
medium
|2- 10YRS% | 25YR&2 I0 a0 medium few few fine FeiMn
24 subangular e, '"IF"]"' nidules
blocky few el
ekl | gubeslas
14- | 10YR3S 15 35 weak e | fewine | FeiMn
33 +4/6 subangular e i ":'?: siains
hhokoy few T
fne R
T far
35-4 | 10YRSH 43 w |3 weak few | fewhot | FeiMn
+ SYRAM ch subangular very ““I'"I”'“' aA3ins
hlacky fine; | Tiaw
few fine fine
ubaler
456 | I0YRSA [OYRAN 40 40 5 mediam Tew l[m FeMn
+ ch subangular VETY it nodiiles
7 $YR4K blocky i, |
{L"I'f VETF
{ine, =53
Tk 11t as
EODFRE




5.6 [OYRSH 50 35 5 weak many few clay skins
.6 + sh sithangular very ::::::
25Y R blocky fine, ok T
many eTy
fine, fine
I-ﬂ'l-'ul i
aalt few
Coarss e
fing
Eetruslad
646-H | 10YRSS Y RS2 50 35 5 weak many | fewfime ol
(10%a) ch | subangular very | PR | channels,
Blocky fine, i elay skins
fine, pabular
Ty
COurse
814 | IDYRS/% 40 1 5 massive Fefhvin
ch nodules
[4- IDYRS/A 3 30 3 weeak fmw few Fefvin
16.1 +411 ch subangular fine, '3"-"’”"" stamns; root
hlocky few i few | channels;
veTy wery sill 2eams
fire fine
muhubr
181 |DYREMA I5 30 5 wiak e feww Fein
17 eh subangilar fime; i’“‘”'"_" Siams; rool
blocky fie ol fow | chanoels;
VETY v sl seams
fine Fine
Tuhilar
[7-20 | [OYRG6H FOYRS2 15 30 medim fizwy o Fevin
silt subanguler VeV medum | podibes,
blocky fine i WOTTH
few s channel
e ey els,
mriedisiem fine il gearns
(mersits
-k Tt
wery
fine
Tubuldar
20 | 13YRGB I3 30 5 weak I|[Ir"'f Fehin
22 ch subangular g sains &
blocky T andules,
=l seams
1) | 19YRES 20 33 o wegk fovw e FefMn
X3 ch subangular Ime statns; silt
blochky — platy SN




23-26 [0 R 15 i ] weak fow wery Fievin
+472 ch stbangelar h:':i" nodukes,
blocks al few | Sl seaRTS
]
finie
bulwr
26-29 | OYR4/4 15 70 15 weak firw vy FeMn
#5172 ch stibasngular fane : niduics
bleky -al; feve
ery
([
e las
29-31 | IOYRSA | 1OYR&/ 20 10 medium fewfine | gilt seams
iiad Euhmlr 1ial; Few
bloaky o
tubwater
12-38 | MOYRSM HOYRE 20 41 riediem fewfine | Fefmoi; sl
SEAMS stshangular ;:’I"'F":‘w SRATS
bilocky Tiie
Tubular
JH-4| | Oy RS i5 35 weak T Fina FerMn
subangubar 'T:" noditles
hlocky & stans

Several factors make this soil conducive for significant gas and liqguid movement.  Roots were
found from surfice to 207 These root channels would allow rapid migration m all directions
High percentages of sand were found from 4-16' which could allow movement in all directions
Root channels at 6-20 feet provide an area for significant water/gas movement.  The presence of
alternating Fe/Mn staing and nodules show significant water movement from the surface to 41
The presence of alternating Fe/Mn nodules at various places in the profile shows fayers of soils

which impeded water movement under certain conditions. Good soil structure and a high

percentage of siit i these soils would allow more significant movement through these soils when
soil mosture conditions are dry. Four layers of decomposing chert beds which could form zones
for significant honzontal movement were noted from 3.5-38'  Two buried A-horizons were
found at 2 4-3 5' and 38-41' which shows the amount of lithological activity which has occured

in the formation of thess soils.




s Lt L =) T Lad [
) o =

hd ] —_ iy —y h
= En T =h == £ ik b= =~ En G = == on L4l =%

3 r w T T I T T T L N T N N N .I..I.f..l..l..l..l..l..l.............-n I||.—.“-.._.u_m
g s G s oy it
”mq-..wl“-._.-._.“.NWMMMMMM{WMWMWMWM.”.W.”.W#NMWWM”_r PPPLPPLSPEPPF .-......__......”.M-mmm..-ﬂ-.ftn_..-.-..m.. BT o o e e A e e e e -...-.._.-.-.-...”.”...__...-.-...M-..M.war,....n-.rpm

B e e Al LA L L T iy ety et e L '
oy . e e S et i 85 B
T e e G S SRR e M Sihsia

R I T e

QRS S R A e e .........w...n. i ...w...m... FLED sifid

sl i g .w... : .m.w. EETEeL
i AT L

It
[ }€5

11
LU OO T m_

“
,
-
-
=
-
=
3
-
2
“
"
L
.
=
3
¥
'n.
W

__“..._... ........hﬁ.nﬂ.r ;
A %ok
i
A e e L b e e B e e
e 3 i,
Ly | os
ST T PP P PPl o =
SEEENTRaN
w03
el
TeliE
SelliE
SebiiE

ewabuliog zp

Bl === BSIEDT



T ¥ CF iy
| e 1 1

EiL nc

“ns

b, 0ot

L

i I._._...mn

T

fafn

1

- magl

i~ nean

T EeAN

0" garhar m_mhﬁﬂ.h..ﬁhzss__,,a_.._

| (sa) aois |




g
] & ri =
SOIL CHARACTERIZATION FOR JZ LANDFILL i, . :
BORING # M-10
DATE July 23, 1997
ViR o
DEP COLOR SOILTYFE % | STRUCTURE PORES H,0
TH R CHAN-
(Ft) | MATRIX e SAND 0 ROOTS NELS
Cc
MOTILES %CLAY K
SOMLFORES
-1 8 | 25YRa% 5 0 rredilm few iy
subanjular VETY ﬁ
bloaky fine, | naaer
few fine | few fine
tubular
L.E- | 1DYR&MH 10 0 33 medium few ey FeMvin
32 | +5YR4A ch sicbangulas very ity stains
blocky fine; ket
Paw figee | -k frw
fine
tubular
334 | 10YR4H ] 75 wiak fin Feuin
+ subamnpular VETY staing
L5YRAMG blocky fine,
e
fine,
few
Conrse
4- | YRGB [OY R4 i 40 10 mrediiem Taw liew rAssive
L7 [15%) ch subangular very | e rol
hlocky fine, ‘T' chanmels.
few sl cirals
medium
feew
ChErLe
117 | 10YRSHS I3 i medizn FaMin
13 subungulas stains, silt
blecky -~ platy B
15:18 | 10YR&MS I3 30 i0 mediam Fehin
ch subangular $tamns
blocky — platy

Several facters make this soil conducive for gas and liquid movement Massive roots were
found from 1-12' These root channels would allow rapid migration in all directions The

presence of Fe/Mn stains show raprd water movement from [-18' A high percentage of silt in




the profile from 9-24' could allow some movement through these soils when soil moisture
conditions are dry but would be possibly restricted vertically by the presence of dense clay
layers. However, the soils have good structure and could allow vertical movement when z0il
moisture conditions are dry. Weathered chert beds were detected from 2-18' which could allow

horizontal migration
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SOIL CHARACTERIZATION FOR JZ LANDFILL
BORING # M-11

DATE July 24, 1997

DEP COLOR SOIL TYPE %% | STRUCTURE PORES H.O
TH R CHAN-
{Ft) MATRIX e SAND Li ] ROOTS NELS
: C
MOTTLES wmCLAY K
SOILPORES
f-2& | T5YR44 10 30 10 weak miany firss fine Feivin
ch |  subangular very | MR nodules
blocky fme, S
neny bl
fine
204 10 R T EYRAN 1% 40 5 ek THany firw: fine
(60%0) subangular veTy it
Blocky fine, | i
MAnY EEETELIN
fime -al
47 10YR&2 {0YROE 15 il 14 wiakl few fine | Jew very FedMin
subangular ﬁm stiins
blocky -il; [ew
il
ERETRIE
-l
710 IOYR3G 1Y RA2 15 15 I'5 rmiedium few few very Feidvdn
REams subangular fine, ﬁr‘ sains. skt
htocky 7 i e sEums
mediem | sediam
UM
-l
(-32 | 10YR&2 [N R 3 35 0 miediT few fine | few fiee Feivin
444407 SEArnS subangnlar '“‘f’u"'““ stains, sil
Blocky gearms

Several factors make this soil somewhat conducive for gas and liquid movement. Roots were
found from 0-12°  These root channels would allow rapid migration in all directions. The
presence of Fe/Mn stains show rapid water movement from 4-12' A moderate percentage of
silt in the profile from 7-12° could allow some movement through these soils when sail moisture
condimions are dry but would be possibly restricted vertically by the presence of dense clay

lavers Hawever, the soils have good structure at 7-10" and could allow vertical movement when
soil maoisture conditions are dry. Weathered chert beds were detected along the length of this
profile which could allow horizontal migration
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Appendix C

Additional MIP and Soil Logs
at JZ Landfill

(not given in Appendix B)

(See Appendix B cover page for MIP curve identification.)






SOIL CHARACTERIZATION FOR JZ SANITARY LANDFILL

DNR MONITORING WELL # 1

D2/25/97
DEP | “MINS
Tl':lr_ A=t c
(F1) | MA
B 1.1 beoring
oompEcison
1.1- maxed 10 25 5 wenk fiew minny fing
e 1DYRAN very ¢hert subangular very tbular, few
4 finee blocky fine, miterstital
few
finc
16- | 1OYRSKE -5 30 § medium ferw few fine tubular,
3.3 chent sudrangnilar veTy few very fine
blocky Eine, fnberstitial
T
fine
i3 | I0YRSS 14 a0 § weak, very fine few L:;'“Eﬂ: h.l!:g.::r.
4.0 chen subangmiar very VETY
blocky fire, inferstihal
[
fine
40- | 10YRSS 0% 15 40 10 medium fow many very fine
58 10% 7 5YRS/4+ chert subangular fine fubular; few
346 blocky interstital
LOYRS/2
silt conts™
5% | mixed | clty skins™ 3 5 Io medium fowvery | few very fine
7 e bl
0| JOYRS chert subangular :
a3, + blocky
Feivin = wealh
OTgAL ered
stains'’ rock
T mixed 4 50 10 weak farw few medium =
7.5 | lOYRSMG+ chert srbanguiar VETY few very fine
53, Bloaky - fine+ tuliatar
Mn HETENSS fow
channets’’ fine




T35 | IOYRS/A6+ el 50 0 wizik platy « fany few fine tubular.
130 53, chen ITASSIVE VETY few fine tubilar
25% fine
Fedvin
stains’! +
i
10.0- | 10YR5/% I10TRS2 (& 45 il wek mny | few fine tubujas
125 clay p | sbangulsr | fine@ | fou very fine
seam blocky Very merstitial
fine
125 mixed 10YRS/2 I5 35 5 very weak few | many fine & very
128 [ 10YRS/2+ clay subanpular fine & fine tubular
M3 seams’ blocky By
ey
fine
| 3.8- decampos=d
130 dalornits
[3.0- | 10¥RS% 20 i 5 Very wiak VETy few very fine
|45 subvaspular fienay tabiler; very few
Blocky fine very fine
145- | 10¥YR5M m 50 3 very woak few fine tubular
15 subangular few very fine
bloky mterstital
U} Staim= ron andior manganess formed by historic water movement

21 Sotl struchure pathways formed by historic water movesnent

The high clay cantent and the thin, delicate structure of the transmissive features of this soil
would be easily disturbed and destroyed by excessive radial forces applied in well installation,
The push probe installation process should cause minimal damage to the overall soil profile, Also
since the sand screening bridged though the silty clay zone. perched water could easily follow this
artificial vertical sand lense created by the screening interval

See attached registration for well construction detailg
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SOIL CHARACTERIZATION FOR JZ SANITARY LANDFILL v

DNR MONITORING WELL # 2 (Pasture) % 1
. LT
e 02/25/97
1.6 | 10YR4D 20 13 weak ey miany very fine
20 subangular | T tubular
blocky ey
fine, few
madiumm
20- | T.5YRSS 5 0 misdium fewe many very fine,
28 subanguliar fine few fine & few
blocky maderate tbular
18 IOYRES SYRS4 1a EE medium few muny very fine &
a0 0% subanilar very | few fine bular,
blocky fine, few fine
fine
4.0- mexed 1% 20 33 15 meditm few many very fine
55 | I0YRS3+ | LOYRSA2 chert subanguar WEry & few fine
S+ 446 blocky fine, | tubular, few fine
many inderstibial
[irie
3,5- preined L% n 35 5 medium few many very fine
RO | HOYRS3+ | 10YRSZ2 chert subangular very tubudar
38+ 46 blocky fine
B0 OYRSS 0 20 i massive few many very fine
9.6 35 chert YTy tubukar
fine
g.5- Y R4 20 10 13- wieak, msdium few few Fime iebutar
o0& a0 subanguing YERY few fine tubular
ghert blocky fine
106 | mixed | FeMn'& a0 40 i} massive few | many very fine,
46 | 10YRAE alay _ chert, very | many fine & fow
S/2= 514 seumst’ fossil fine | moderate tabnslar
s




l4.8- | wenthered

15.0 | chertbed
1} Iron andfor mangasnese stanng formed by histore water movement
2] Sail structure pathways formed by historic waler movement.

Permeability was not consistent throughout this stratified profile but many similarities existed with
the soils from monitoring well #1. Chert fragments were consistent throughout the profile. Rock
fragments, clay and silt skins, roots, soil pores and various layers of ancient root remnants which
provide pathways were encountered at various depths. These structures could act as aqua-ducts
or gas-ducts depending upon water retention within the soil profile. Vertical movement
throughout the profile could be inhibited by clay and silt layers in the profile. The clay laver from
2-8' bgs was very wet The predominance of silt and clay in this seil would also inhibit rapid
vertical movement of gases and liquids when saturated with water  The weathered dolomite layer
al ~13" would allow very rapid gas movement laterally and could connect with the landfill to
rapidly transmit landfill gases. The weathered chert bed at 15 had & strong landfill gas odor even
after weeks in a refrigerated container.

The high clay content and the thin, delicate structure of the transmissive features of this soil
waould be easily disturbed and destroyed by excessive radial forces applied in well installation

The push probe installation process should ceuse minimal damage to the overall soil profile. Also
since the sand screening bridged though the silty clay zone, perched water could easily follow this
artificial vertical sand lense created by the screening interval

See attached registration for well construction details:
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SOIL CHARACTERIZATION FOR JZ LANDFILL
BORING # M-19
DATE July 24, 1997

DEP COLOR SOILTYPE % | STRUCTURE FORES H,O
TH R CHAN-
(Ft) | MATRIX a BAND 0 ROOTS NELS
C
MOTTLES ﬁﬂ.ﬁ‘f K
Gk e SOILPORES
{13 ERCHVRIIOT fior spider wplls
1.7 [0YR4/4 =0 30 wieal few sy FaMin
+572 suwbangular Fisbe, Emiu slains
blocky few 5
medairm
7-9 10YHAS 1 3YHGZ 23 Ak ] i few Tew fine MEsSHVE
subangular fine, | e FeMn
blocky few e channels
cOoarses Tubislar
912 sample st
12-18 I YRAM 19%R 32 20 25 14 waak [z lew Fehin
SCAMS subangular ey I""'"““T‘ saing &
blocky fire: A e proeditlzs;
tew fine fine silticlay
tubufar SEAMIS
J 2 I0YR4/4 I3 20 13 weak few inclusron
115 5L subangular very of clay &
blocky i, skt
fiew
e
18-21 10YE3M I YR 20 35 i5 weak few fing | Tewline Feidin
sEarms subangular T':'If’f;' slains; clay
bimaky s seqmis, it
tfwa s Coals
2] 10 RSN IOYRSS il 45 wiak few fine | Tewfine Failvin
e seams subanpular ’:If":::' =aing, ¢lay
blocky i sams; 51t
Tkl woats
26 4- IDYR&RE LY RA i I3 5 meednarm few few fine Feivin
30 clay seams subangular very "":T“" stams
bk fine




4. crushed ileenmpaand sandzan:
B
INE- | 10YRSM 35 35 5 weak few fine | few very FeMn
B +H5i5 subangulor inﬂ::m stains. &
blacky 4 P nisdulis
fiiis
tabubar
31.8- 10%RG12 IDY RS 20 45 3 mtchitir fiews fime
13 subangular Lo
blocky
3339 | 13YRAA a0 33 5 medium mank FeMn
subangular "fr'_": slains &
blocky s nesdules
aal: firsk
Fine
imlersin
-l
3 massive caleie deposat
040 | YR 23 35 15 medium few
¢h subangular ician
imerzits
blocky =
40-41 | decompos | chert bed strong
ANg Land il
ador
4142 | 10YR4M 34 25 10 ki few Fahdn
subangular .mﬂ"; noditles
blocky . ...ul silr coats

Several factors make this soil conducive for significant gas and liquid movement: Roots were
found from surface to 30 These root channels would allow rapid migration in all directions
The presence of Fe/Mn stams show sigmificant water movement from the surface 1o 3%° The

presence of alternating Fe/Mn nodules at vanious places in the profile shows layers of soils

which impeded water movement under certain conditions; massive deposits of calzite crystals at
34" shows one of these zones, Good soil structure and a moderate percentages of silt in these
soils would allow more significant movement through these soils when soil moisture conditions
are dry. Layers of decomposing chert beds which could form zones for significant horizonzal
movement were noted from 7-42° The residual chert bed at 37-41" had strong landfll odor
confirming its capacity to transimit liquids and gases Leachate may have been responsible for
the marked color change at 37-40'




R

Wou 8
puesHE

nsm
__a._um_

0l

SHOE

0k

Sellg

el

ellg

-l

6 L#buliog zr

Tel0k

a4 <> BSIZOY)



0
=, — N, A_. %I HRT

i nae
noe

(sd) aous |

10" (ZRLC\ 20 G454\ VLA yoaosd of'

s oo e




-
_ ]

-

180 1220020 SHE L Ve

st [ (sd) dois




=
=
-
L=
o
=
ap
_
1
Lm
]
i
o
=
P
-
.
&
-
| S
=
e
-

.___I* r 1 S\; fr pr HJ.__-—..,. _

[ emmwosiusmendy [ (8 dois |







Appendix D
Centropolis Landfill

MIP Logs and
Additional Gas Well Logs

(See Appendix B cover page for MIP curve identification. )
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SOIL BORING LOG

BORING # 101
CENTROPOLIS LANDFILL
Kansas City, Missouri
August 28, 1996
DEFTH GROSS OBSERVATIONS
(FT.) SOIL
PROFILE
— 1]

BR-GR LOAMY CL-5LT

GH-OR CL-SLT WITH WOOD & COMNCRETE FILL DFEERIS

G-GR CL-5LT WITH MLANT ROOTS

fD-BN SLT-CL WITH FLANT RODTE

YL FIsSILE CL



WELL CONSTRUCTION LOG

BORING # 101
CENTROPOLIS LANDFILL
Kansas City, Missouri
August 28, 1996

DEPTH SOLL WELL COMMENTS
(FT.) PROFILE CONSTRUCTION

=

A CEMENT/BENTONITE
N

7

BENTONITE

ffﬂ’///ff///ffd%

S
A,

1" 10 SLOT FVC

"= 20/40 WELL SAND

g

ARRARRARAARARANY




WELL CONSTRUCTION LOG
BORING # 102

CENTROPOLILS LANDFILL
Kansas City, Missouwri
August 28, 1996

DEPTH GEx soL WELL COMMENTS
(FT.) rroFie CONSTRUCTION

WIRE SCREEN IMPLANT

N

_ IR
. BN

a b_\\\ X



WELL CONSTRUCTION LOG
BORING # 103

CENTROPOLIS LANDFILL
Kansas City, Missouri
August 28, 1996

DEPTH
(FT.)

GEM. S0IL

WELL COMMENTS
rrOFILE CONSTRUCTION

L]

20

N
N

€

g
[
=
=™
it
L
g
PSS
—
—
—
—
——
e

TR

CEMENT/BENTONITE

BENTONITE

20/40 WELL SAND



WELL CONSTRUCTION LOG
BORING # 104

CENTROPOLIS LANDFILL
Kansas City, Missouri
August 28, 1996

DEPTH Gewn sow WELL COMMENTS
(FT.) eroFe  CONSTRUCTION

v } CEMENT/BENTONITE

|
E

JI“IIIIIII’.
I

I

&

7
SRR

BENTONITE

10 SLOT PVC

I

L3

@
I,

S i 1 20040 WELL SAND

- 15 S




WELL CONSTRUCTION LOG

BORING # 105
CENTROPOLIS LANDFILL
Kansas City, Missouri
August 28, 1996

DEPTH GEewN s0IL WELL COMMENTS
(FT.) rroFiLE CONSTRUCTION

- e CEMENT/BENTONITE

A Frs

WIRE SCREEN IMPLANT
10

=== 20



WELL CONSTRUCTION LOG

BORING # 106
CENTROFPOLIS LANDFILL
Kansas City, Missoun
August 28, 1996

DEPTH Genson WELL COMMENTS
(FT.) eroFe CONSTRUCTION

CEMENT/BENTONITE

\%ﬁ \ BENTONITE
N
% \\ ADJACENT BORING
Y N}
5 g\ E .\k\\\ Sl 20/40 WELL SAND
% 5 &i&jﬁfﬁ
h\\ @ lu.x:_-_-.-.-.'.'.'
2R

% WIRE SCREEN [MPLANT

[T




WELL CONSTRUCTION LOG

BORING # 107
CENTROPOLIS LANDFILL
Kansas City, Missouri
August 29, 1996

DEPTH GeN. soL
FROFILE

(FT.)

WELL COMMENTS
CONSTRUCTION

il

]

S

2
&
2
Z
=

BENTONITE

1" 10 SLOT PVC

A

7 20/40 WELL SAND

[T

- BRICK RUBBLE




WELL CONSTRUCTION LOG

BORING # 108

CENTROPOLIS LANDFILL

Kansas City, Missouri
Aungust 29, 1996

DEPTH GENSOIL
rroFILE CONSTRUCTION

(FT.)

WELL

COMMENTS

= 2

B

I" 10 SLOT PVC

T e

CEMENT/BENTONITE
BENTONITE

20¢/40 WELL SAND

WIRE SCREEN IMPLANT

BENTONITE MAY BE
PARTIALLY BRIDGED



WELL CONSTRUCTION LOG
BORING # 109

CENTROPOLIS LANDFILL
Kansas City, Missouri
August 29, 1996

WELL COMMENTS
CONSTRUCTION

18k

— i}

a i CAP ; CEMENT/BENTONITE
.

BENTONITE

st

||| 1" 10 sLOT PVC
s Y

i 20/40 WELL SAND

—m




WELL CONSTRUCTION LOG

BORING # 110
CENTROPOLIS LANDFILL
Kansas City, Missoun
August 29, 1996

DEPTH gEnN SOIL WELL COMMENTS
(FT.) rromE CONSTRUCTION

S 20/40 WELL SAND




Appendix E
Modern Sanitation Landfill

MIP Logs and Soil Logs

(See Appendix B cover page for MIP curve identification.)






SOIL CHARACTERIZATION FOR MODERN SANITATION LANDFILL

BORING #101
01/06/97
o =5 :E EDDH .
MOTTLES ﬁa’.m‘r_‘i Sid= SOILPORES
D-.E.S minced minisd 25 pli] 55 sl fow wealk fime tubular
107RG2 subangiler fine,
+10 7R blocky fiw
very
fine
2.5 mxed muxed 20 Al 500 wipk few weak
30 10YR54 subangular tubular
+5YRAN Blocky
30~ rraxed 10YRS! al I weilk farw few fine tubular,
16 | SYRSE+ 2 subangular medin few finc
SYRYG hilocky m milsTatiizal
ia- muxed e 25 30 45 swhangular many fine tubular
440 10YRA/E blacky
+ SYRSI
4,0 mmved mised 20 b medim
41 | 75YR46 subangular
+ SYRGZ blocky
41- SYHAM JOYRE! i 63 mediim few few very fine
31 B sanguine COETSE, inberstitial
blocky - weak fizw
fine subangular | very
hlocky fine
5.1 THIResd 35 1] very weak Tirkk few fime tubudar,
52 TEYRAMG | 1DYRES subangular fine few fine
8 blocky - mierstitial
platy nclusons
5.1 uxed mixed 35 35 - weak fine jratt few fine tubular
60 | TSYRAM s subamgular fine
blocky
.0 mused YRS 23 3z 5 weak fing T
6.3 FYRA+ subangular fine
TAYRAG, bincky - wesk
shile- fine platy
SYR&2




BORING 101 {eonl.)

.5~ miixed 25YHG a0 5 %5 weik, fime sub-
105 | 25YRa il anjpular blocky
+2.5YRa grading o
fi granular

17 % sifr= 100-%sand + %alay.

2} Upper 2' of soil compressed during sample scquisition




Modern Sanitation #101
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SOIL CHARACTERIZATION FOR MODERN SANITATION LANDFILL

BORING #104

01/06/97

% | STRUCTURE PORES
H- | ROOTS
=5 :
BOTLFORES
e weak Y few very fine
subangolar very | tubular, few very
blocky fine firme miterstital
35 | XISYR4S | 10YRSZ + 20 65 20 weak few few fine tubular,
10 | YRS subangular fing, few fimee
blocky few mitersiiial
pourse
A48 | 7T5YRGM | 25YRAG 10 70 10 weak few
sutangalar GUMIEE,
Elocky few
vty
fine
4.8~ mixed 0 &0 55 weak faw few tubuolar, few
61 | SYRSK+S subangular | conrse mtersitial
YR4/4+5 biocky
YRAG
61- mmnved frEERIVE 75 2 | wsakissbangular few few mbular,
80 | SYRSM+5 | FeMn backy coarse | many interstinal
YRAMAS stmimng
YR4:3
20- | 75YR4ASG 10 20 &0 wealk, many | very few nabular
87 susbangular fine. few fine
hilocky iy iritesatinal
Very
fine
87- | bunedA
120 honzon
12.0- il
V& RECOVERY
16.0- T

1.1




1&.1- | 7.3YR4MH HOYRAE |5 70 10 mesditim many fine tabular
200 sabhangulir
blocky
200- | 25YRASG TOYHREAE 15 b 20 weak many fine tubular
243 subanguiar
blocky
243- | TEYRAS Y RASE 1d B 45 wenk fewe fisie tubular
270 subangular
blocky
17.1- et grantlar -
P e platy
e
112 4] En pei plary
780 5y
mak

1) % sht= 100-%sand + %l

2} Upper 2 of sail compressed during sample acquisition.
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SOIL CHARACTERIZATION FOR MODERN LANDFILL ¥ 7
BORING # 193 857
DATE July 11, 1997 ¢
ly EM-!'FI
DEP COLOR S0IL TYFE % | STRUCTURE PORES HO
TH R CHAN-
(Fij | MATRIX % SAND 0 ROOTS NELS
C
MOTTLES SCLAY K
SOMFORES
0005 | TIYRamM 10 45 10 very weak mary | fewiine
subangular fine, | T
blocky few fEae
medium | qubaler
05 10 Haa 1R ETE B0 =<0 0 VErY weak
14 stlf coals sitbangular
blocky
24- | decompos | sandstone
31 -InE
J 4| LIYRAE 0¥ R&2 a0 H] 40 meshum Firu
+4ia silt coats subangular m"‘:
hincky -al, few
fine
intersii
vl
4-0.2 | LIVRIN 10YRSM 10 B < wirak Tew Few rﬂ? cloy skins
{ 0% 3 subanelar fime, "“‘T"‘
blocky [ew '
mediumm
B2 L5YRIG 10YRSL i 0 &l weak clay seams
[ H0%n) ch subangular
hincioy
T84 | 15YRIG | 10YRSM 10 0 wenk few fewfine | clay seams
{10%) subangubar fing, "":'I"“
blocky few '
meedrm
8- 25Y R |G RS 15 & = wizak fici fewhine | clay seams,
i 0% 5 subangulur fine KRS FeMn
blocky few = stalns
medium
13- LIVREWG 10YRSM I35 &l = weik Feiu e "-ﬂf clay eafrsE;
112 (10%) 5 subangular very ""“Tf""' Fen
binciw fiee 5 slathf




12 | 25YRYB [0S [5 ] & weik few Eee Fans Fehin
B { 10%) subangular very ’r“‘j"“ SLains
blocy fine
11.7- | L5YRIB IO TS I5 it 35 ek few fowEme | glay sking;
13 [10%) subangular vey | ™| FeMn
blocky fine: stams

The most noticesble charsctensiscs of this soil ane the westhered rock lenses providing large ind rapid horzontal as
well as vertical gas movement. Roots and water channels are also present most of the length of these scils providing
rapid movement of water and gases vertically Fe/Mn stains indicate rapid vertical water movement
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SOIL CHARACTERIZATION FOR MODERN LANDFILL
BORING # 474
DATE July L1, 1997

DEP COLOR SOILTYFPE % | STRUCTURE PORES H,0
TH R _ CHAN-
{Ft) | MATRIX T SAND 0 ROOTS MELS
C
MOTTLES %CLAY K
; SOTLPORES
-4 23R4S |OY RS2 15 4 &l weak few few clay skins
+ subangalar meadim :m
| DYRAM blocky S
fire
tiktwalar
4-12 D¥R424 0 30 49 wenk few fiwfine. | clay sking
+3/1 subangular e |
blocky [aww R
modiEn | iereenii
aal
12-15 | 10YRas 20 30 20 weak few fewfine | clay skins
+ 310 subangular fine, L:m
blocky few medium
medium | ipiersia
<k
13-18 10YRAM 0 30 30 weak few _5"-' E"'l chay skins
+ 51 subangular fine;. | U
bm—}l few redium
medium | imerit
-al
[B-19 | 23¥R3% 15 65 11 wiak few fpm ¢lav skans
+ subangulsr medm m'“"“’:f
I0YRS/ blocky o
« 511 fiper
L2y fag ok ]
&l

The mest neticesble charsctenstics of this soil are the weathered sock lenses providing large and rapid honzonlal as
well as vertical gas movesnent. Roats and water channels (elay skins) are wlso present mosi of the length of these
sorls proveding rapid movement condants verticaliv
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Appendix F
Southeast Landfill

MIP and Soil Logs

(See Appendix B cover page for MIP curve identification.)
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SOIL CHARACTERIZATION FOR SOUTHEAST SANITARY LANDFILL

DNR MONITORING WELL # 1 RECELNZ
MTP Probe 1r -
02/13/97 - 02/14/97 LEC U
ey 0 AT
P e
= . € . .. "'\.:_. B’ : : T' -
7T TR SOMLPORES
0-13 mined 3% FelMn many fibw nterstitial
I0YRS2+ | nodules”! fine
2N
1.3- mmixed <5 I5 H wieak few maay fine
20 | 10¥YR32+ Feivin veTY subangular fine pubaslar, few fie
27 nodules"! fine blocky unlerstitial
20- e 3t Fellvin 10 15 weak fiewr few fine tubuler,
40 |10YR+ | nodules'), VETY subangniler fifse, iy fime
473 many wabsr fine blocky fow milerstrial
chammets™ VETY
fine
4.0 bnring
47 | compaztion
4.7- I0YR 10YR52 <10 35 wiak - mediom few sy fine mbalar
>a sill ¢oals™ VETY subangulor VETY
fine blocky with finz
sand & =1
pockets
5.8 e YRS+ 2 i medinm few few very fine
LR YRS+ | 75 YR subangular very and few fine
473 < | blocky with silt fine tubilar
FeMn pockets
stanmg &
nodutes,
many waler
channels™
0.8 IFYRAD | I0YRSA 4 235 £} Wik few medum +
114 2% 578, subangulis with few very fine
%y Falvin gilt pockets Turiglar
slatnng &
nodules’,
Many "l"-'ﬂ-'-EI
channels™

e



[La- | J0YR4R2 | 10YRI + 25 is weak few medium +
14.2 2 30 subanpular few very fine
2% Feivin tubialar
staning &
nr_uﬂuleal;',
Ay
plugged
Waler
channets”
14.2- | 10YR42 <35 i a0 very fine rrezny fine fubilar
15 [OYRA2, subnngular
B0% Febin blocky
sisining &
nichulies
151- | 19YRaN 0% 20 ki weak few very fina
21.0 10YR4/ subangular tubular; few very
3084 Fe/hin blocky wath fine infersitial
ssaining & sand pockets
nodules'!
21.0- | SYR2ZS/ | 309 FeMin 10 35 very fine few fine twbular;
250 slamning & subangular many fing
nodules!! Blocky interstitial
25.0- | 5YR2 51 <1y 1a 35 wenk many very fine
00 sephic 10YR32 subangular tutnualar, few fine
oder Ra Fedn Blocky intersufial
nodutes!!
no- | SYRLEY| 10 f ] R0 few fine
325 interslitial
315 | SYRLA] 0% 10 35 very wesk few fine
iz GLEY <2 subangular inbersllral
5B blocky
34.3- hied =5 |5 45 Wik few very fine
370 | SYR2AI Fahvin subangular imlerytitiad
+OLEY-Z | slmning & blocks
STE nodules’!
3T.0- GLEY-2 <10% 10 435 Wil few [ine tublar
3.0 S0G LEYRAT, subangular few fme
decompased ablocky wnterauial
woad
frugmend
IZ0- | GLEY-Z <%y 10 35 =50% wieak very fow fie
4240 H0G Felvn subangular mbuler, very few
stainme & blocky [ine intesalitial
nodules’,
decomposed
waod

[ragmenit




420- | GLEY-2 FaMn 15 45 massive
450 510G Rtaimng very
fire

|} Stum= wron andéor manganese farmed by kisone weter movement.
2} Poil sruciure pathways formed by histone watler mavement
i

Permeability was not consistant throughout this profile. The profile with its FEMn staing from 0-
37 showed evidence of long term water retention along this length. Roots provided vertical
pathways from 0-% 8' bgs.  The first water saturated zone was evident at the end of the root zone
at ~10; the soil was noticeably dryver after ~11-14' Water channels, silt coats and sand-silt
pockets were incountered from 0-21' bgs the latter being signs of @ heaving formation. Most zand
and silt pockets were found from —3-11"; most water channels were found from ~10-14' at which
point they were plugged by silt and clay, Massive soil structure was observed at 0-2' (mechanical
compaction). Massive soil structure was also found a1t —30-32' where it combined with the
absence of tubular soil pores from 30-37' which could also serve as a aqua-tard and/or a gas-tard
These phenomena could help to retard vertical migration of soil gases as may have been evidenced
by the presence of septic odor at the 21-30° zone resting on the massive soil structure layer
beneath it, The predominance of silt and water in this soil could also inlubit rapid vertical
movement of gases and liquids especially in regions where tbular soil pores are minimal when
normal moisture conditions exist. Should & drought occur and water be drained from the
formation rapid soil gas migration could occur through many of these soil structures

The high water content, moderate clay percentages and more massive structure of the
transmissive features of this soil may be less easily disturbed and destroved by excessive radial
forces of & hollow stem augar applied duning well installation. The push probe installation process
which causes less damage to the overall soil profile also provides & more ready mechanism for
rapid infiltration of water and consequent heaving of the sand pack {as cocurred duning this
installation)  Should future push probe wells be mstalled at this site great care must be taken to
perform &ll operations in a very gradual manner to prevent water heaving phenomena,

See attached registration for well construction details.
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SOIL CHARACTERIZATION FOR SOUTHEAST SANITARY LANDFILL

DNR MONITORING WELL # 2 RECEIVzEg
MIP Probe 7
02/13/97 - 02/14/57 DEC <0 153
iy ] M Pt S M | e PR r -4 e W
DEP | MUNSELLCOLOR ‘|"“SOILTYPE I SC=|/STROCTURE |, -~ pomEs ™ o
™| ] s : et o _;_ ﬂﬂ- i -1:- Aot .. i 1 i ..:;---:.
) K T e | moors. -t
T 2 Ea SOILPORES
0-20 mixed 3D 15 40 © weak
[0YR42 subangular
bloeky
2.0- asphal massive fiew fine rbular
23
2.3 1OYHIZ 20 N EasEve few fine tubular
4.0 very
fine
4.0- 254/ e ¥ 30 wak many fine & few
6.0 LIY51 very subangular fine mbular; few
mollles; fine blocky fine interstitial
535 FeMn
stasning"”
6.0- 23740 [EI'!!"H‘.:T-"E 15 35 medium many fine &
10.0 silt coats™ subangular ANy coarse
| %4 Feiiin blocky mibiuar
staining’,
dew warer
channels™

13 Stun= iron andfor menganese formed by husione water movement
l{ﬁﬂit structure pathways formed by histonc water movement

Permeability was not consistant throughout this profile. A layer of asphalt at ~2' sealed the profile
off from the surface which consisted of compacted soils. Porous soil structures and evidence of
histaric water presence increased with depth. Most seil porasity appeared to be from tubular soil
pores and water channels at the 10' depth The asphalt seal serves as an aqui-tard & pas-tard
from the surface thus providing an horizon for rapid vertical and horizontal soil gas movement

The high clay content and the thin, delicate structure of the transmissive features of this soil
would be easily disturbed and destroyed by excessive radial forces applied in well installation
The push probe installation process should causes less damage to the overall soil profile.

See attached registration for well construction details.
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Appendix G
Mexico Landfill

MIP and Soil Logs

(See Appendix B cover page for MIP curve identification.)






SOIL CHARACTERIZATION FOR MEXICO SANITARY LANDFILL

DNR MONITORING WELL # 1

02/06/97

o 3
011 bacing
evpaion
11- mixed 15 kL3 gronular - weak | few few very [ine
25 | 10YRasd+ subangular | Tedm tuabular
42 blocky
25 | IOYR4y4 10YR42 10 35 few very fine many few wvery fine
35 clay subanmslar line Tubaclar
seams”| blocky
20%FeMn
stains "
3.5- [OYR3/ =20 15 20 few very fine few few very fine
4.0 [DYRAS subangular finz iubaular
flocky
4.0- borng
5.4- rmixed <% =10 33 wenk fine few fewe [ing fubular,
G5 | 10YR4/2+ | 10YR4&+ subangular very [ew very fine
A/ Al blecky fine+ | miterstitsal
Fe/Min weak clay coarse
stains! skins?!
6.5 2EY 55% 10 50 medrizn fine feny fine tybular
30 10¥YR S+ subangular
IYRSH, by
5% Fe/Mn
stains’)
wa, sl
codts &
clay skine™
" bonng
] Sempackion




9.3 mied 15 20 —l_ tmgdium few few fine I:Lthuiur_l
10.4 | 10YR5A4 subangular viry
472, blocky fine,
earthwirm Fow
COfrss
14. <205% 5 63 medium few very fine tybular
Ry 10YR4r2 DY R 445 subangulnr e,
<I%a blocky few
FeMn very
ﬂ'-l.’i.l:l.'l.”; Gine
clay skins™
Ho- | Wyrsa 20% <10 75 3 weak fine few many very fine
2.0 I0YRS/E: chert subangular veTy AHTH T
Io¥aEen blacky finie
stains'h
clay skins™ ]
12.0- | JoYR4n <5% =10 4 medugn few lew fine lubwilar
13:0 YRSz subangujar fine
blocky,
Fragmatic
L30- | 1O0YRS2 <25% [5 75 very weak few few very fine
150 IO Y RS Subangular fine ntesstitial
58, biocky -
=203 Mmessive;
Feivin Pragmaric
stama’
Y Ra/2
clay skins™
130- | 10YRs =25% 20 73 15 very wenk
640 I0YR5&+ chert subangular
58, blodky -
=20 TRASSINE:
Feiin
Shidv N
ID¥ R4
C]II‘_l' #.IIIH”
I6.0. Biring
170 [ compasios |
17.0- | |0YRSA <1 0% 25 401 15 WY wiesalk ferw mEny Very fine ]
196 Fefhvin SHET subangitar fine Hebnizlar few fine
stains' " blocky . inzerstital
fisy weak Mmassive
clay shins™ =l



Permeability was not consistent throughout this stratified profile although all horizons showed
some degree of permeability  The upper §' showed signs of manmade mixing. The soils from 5-
10" were very plastic with a high degree of shrink/swell potential The honizons from 10-16" were
very dense due to increased clay content. The horizon between 12-15" showed pragmatic, oblique
angled fracturing at the following intervals: 13.5, 13 8, 14.0, 14.5, 148 & 15.1" Soils between 15
& 17 evolved from a decomposing chert bed. Roots and soil pores were found throughout the
profile, These structures could 2¢t as aqua-ducts or gas-ducts depending upon water retention
and shrink/swell cycling within the soil profile. Vertical movement throughout the profile could
be inhibited by clay and silt layers in the profile. The predominance of silt and clay in this soil
would also inhibit rapid vertical movement of geses and liquids when saturated The weathered
chert laver at 15-19" and the large pragmatic fractures at 12-15" would allow very rapid gas
movement laterally especially during dry conditions

The high clay content and the thin, delicate structure of the transmissive features of this soil
would be easily disturbed and destroved by excessive radial forces applied in well installation
The push probe installation process should cause minimal damage to the overall soil profile.

See attached registration for well construction details.
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SOIL CHARACTERIZATION FOR MEXICO LANDFILL mﬂf," i
BORING # 02 1357
DATE July 8, 1997
Sngn
DEP COLOR S0ILTYPE % | STRUCTURE PORES H, D
™ R CHAN-
(Fi) | MATRIX % SAND L1 ROOTS NELS
L
MOTTLES %CLAY K
SOILPORES
0-4 {FILL} <0 40 LAY FeMn
fine, sading &
Ty nodubes
very
fine
+42 (20%) subangular fie, | ™™ | game &
bloaky LAY mfﬂ'u nodules
very
fine
=10 | 10YR32 [OYRS2 =10 73 wiak frwfine | many FeMin
{15%) subangular {lolloura- | g slams
blocky gy mtersh
-lial
BE- ragmacise Traetiire 5 5=
17 Intesvil
I0-83 | |OYRAS 15YR4MS <10 73 weak ferw fine [z Fefvin
+ 578 subangular fine slains
blocky irieTsty
-tial
[3=17 | 18YROA 23YR45 I3 T3 I3 weak few Feitin
+ 50 ch subangular fine HiLins
blocky imersiy
-teal
1712 | 10¥Red] 15Y R4 I5 75 wzak fenw
+ 3/ subangular fine
hlocky inieTsit
~tial

The most stnking feature of this soil is the presence of pragmatic fractunng from 8-17" at 4"
intervals which would allow rapid movement of soil gases The soil also exhibits high shrink
swell potential which may influence the rate of gas movement based on soil moisture condiions
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