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March 29, 1694 | RECEIVED
File No. 0593034 : MAR 30 1994

Mr, Dennis Wike
Environmental Manager
Laidlaw Waste Systems, Inc.
P.0. Box 97

Cahokia Road-

Roxana, 1llincis 62084

Subject: Task 4 Report .
' Assessment of Results/Recommendations fof Future Action
Subsurface Combustion at Laidlaw Bridgeton Landfill

Dear Mr. Wike:

This Istter provides you with a summary of our activities to date at the Bridgeton
Landfill. Work included: infrared thermography of site, installation of temperature
probes, and monitoring of temperature probes. A discussion and our recommendations

are also included.
TASK 1 - CONDUCT INFRARED THERMOGRAFPHY

On March 9, 1994, SCS Engineers performed an infrared thermography of the Bridgeton
Landfill. The purpose of the infrared thermography was to gather additional infarmation
which would be used in helping make a determination as to the horizontal or tateral
extent of the subsurface fire at the Bridgeton Landfill,

Infrared thermography is a non-contact, non-invasive means of producing visible images
from the invisible or infrared heat energy emitted from an object. infrared thermography
(also known as infrared imaging} consists of an infrared scanner with optics transparent
only to infrared radiation and a real-time computer display monitor, siniilar to a portable

The seanner converts the radiated heat that is allowed to pass through the optics to
create an electronic signal. The signal is then turned into a real time thermal image on
the computer screen of the display unit. The thermal image is composed of a gray scale
with eontinuous tones ranging from black to white. Areas of higher relative temperature
niormally appear lighter and areas of lower relative temperature normally appear darker..
Intermediate shades of gray indicate variations between the extremes of temperature
the unit is set to detect. Colar gradations can also be used and were, in fact, used
some on this project; however, most of the effort was done using black and white
which preduced good results,

Chicogo Cincinnati  Kansos City  los Angelés  New Yok Nordolk
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With the equipment used, it is possible fo observe, quantify, and record the thermal
image of the surface of an object Whose temperature is between -20°C and + 2,000°C.

The $ensitivity of the imaging equipment is such that it has the capacity to detect

surface temperature differences between two given objects to an accuracy of +0.05°C.
For this ffort, the low end of the temperature scale was generally set-between 15 and
25°F, and the upper end was set between 38 and 41°F. :

On this project, a hand-held scanner was used, Two representatives of Entech
Engineering, a representative from SCS Engineers, and the helicopter pilot performed an
approximate 1-1/2 hour flyover of the site o the morning of Wednesday, March 9,
1994, The helicopter used was a Bell Jet Ranger Ili. The two frepresentatives from
Entech Enginegring sat in the back twp seats with the seanner and electronic
e'qju_ipm_g_nt. The representative from Entech holding the camera sat on the pifot side of
the aircraft. The scan was done with the camera held in his right hand, and held as far
out the helicopter window as possible.

Both the representative from SC8 and the other Entech representative watched the
image on television monitors and through verbal commands to the camera operator
directed the movernent end position of the camera. Images were obtained both with the
helicopter in a hovering position, and in @ moving position flying both the perimeter of

the entife site and the perimeter of the quarry area:

The initial 1/3 to 1/2 of the video tape represents various views of the small quarry area
near the blower flare station where areas of fire have been noted and/or suspected in
the past. Three bright white circular spots predominate in the views of this area. The
two that aré close together are the existing ground flare and candle flare for the gas

coilection system.. Obviously, these burning landfill gas (LEG) sources are excelfent
infrared emitters and show up s the bright white spots. The third bright white spot
that predominates is not quite as big as the other two, and is an area alorig the north
quarry wall at about the midpoint where flames are visible at the ground and rock wall
interface. There appear to be small warm areas in the yidinity of this flame area, and
they are isolated to locations near the rock wall fandfill cover interface.

In summary, the infrared thermography provided supporting information t¢ the theory
that the fire is limited to the interface of the rock wall and landfill cover. it doesnot
provide any svidence that the fire has extended out from the rock wall. This subject

will be addressed in the Task 2 temperature probe installation work described below.
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Six monitoring temperature probes (T-1 through T-6) were installed on March 9,10, and
11, 1994, by United Geosciences of St. Louis, Missouri, in the areas of surface and
subsurface combustion. These probes were installed approximately 20 to 35 ft from the
guarry wall. T-1 through T-4 are along the northwest quarry wall. T-1is near TRW-1.

T-2 and T-3 are near TRW-2, T-41s near TRW-3. T-5 and T-6 are along the southwest
quarry wall. T-5 is near TRW-3. T-6is downslope from T-6. The locations of T-1
th‘ro_u__gh T-6 are shown in Exhibit 1, Boring and backfill logs are in Appendix A.

Surface and subsurface combustion is currently taking place from cracks along the
quarry wall near 7-2 and T-3. Surface gombustion is evidenced by open flame,
Subsurface combustion is evidenced by extremely high temperature greater than 800°F
inside cracks up to approximately 20 ft from the open flame. Smoke emanating from
the cracks is also evidence of subsurface combustion. Black soot and baked, brick-like
dirt along the quarry wall indicates past and present surface and subsurface

combustion. A total of approximately 100 #t of quarry wall near TRW-2 has or has had
surface and subsurface combustion.

Sritoke from subsurface combustion has also been observed along an approximately 100
ft section of the quarry wall in the vicinity of T:6. Black soot and some blackened-dirt is
along cracks of the quarry wall. Smoke has not béen detected in several months.

The témperatures of refuse of T-1, T-4, T-5, and T-6 were generally léss than 100°F
which is typical of landfills. The températures of T-2 and T-3 were 100 to 140°F which
is highsr than fypical refiise in landfills. The temperature may be higher because of the
surface arid subsurfate combustion along the quarry wall. There was no evidence from
the refuse drill hole cuttings that subsurface combustion was of had taken place at
these focations (such as -'g'q_mhusted_gchar'feﬂ refuse).

T-1, T-2, T-4, and T-5 are vertical probes. The purpose was to determine the vertical
and horizontal extent of subsurface cormbustion {if any) in the refuse away from the
quarry wall. T-3 and T-6 were drilled towards the quarry wall at angles of
approximately 20 and 30 degrees from the vertical, respectively. The purpose was to
determine the vertical extent of subsurface combustion (if any) in the refuse beneath the
quarry wall.

The temperature probes were drilled with 4-1/4.inch 1.D. and 7 inch O.D. hollow-stem

augers, T-1, T-3, and T-5 were drilled to a depth of 18 §t below the surface. T-2 was
drilled to ‘a depth of 50 ft below the surface. T-3 was drilled 40 ft at an angle from the
vertical, T-8 was drilled 22 ft at an angle, A drill rig {CME 55} used by United
Geosciences was capable of drilling vertical and angle borings.
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The temperature probes were constructed with 1-1/2 inch diameter, flush joint, iron
pipe. Slotted iron pipe was used from 5to 8 ft below the surface to the bottom of the
boring. Slots were cut into the iron pipe with a cutting torch. Solid iron pipe was above
the slotted iron pipe to approximately-3 ft above the surface. Pea gravel was placed
around the annular space of the slots. A bentonite seal was placed above the pea
gravel to feduce the amounit of vertical migration of gases in the borehole. Monitoring
poFts consisting of quick connect valvies were installed in 1-1/2 inch PVC slip caps at
the top of the probes. They allow for measuring gas composition and pressure with

TASK 3 - MONITOR TEMPERATURE PROBES

Monitoring was conducted on T-1 through T-8 for temperature with depth, pressure,
and gas concentrations. Temperature was measured with athermocouple and digital
readout. The thermocouple has a length of approximately 100 ft, The slip cap was
removed from the top of the probes and the thermocouple was lowered into the probes.
Temperature readings were taken every 2 ft to the bottom of the probe, '

Pressure and gas composition for methane, carbon dioxide, oxygen, and nitrogen were
measured with a GEM-500 Gas Monitor. This instrument was fastened to the quick
connect valves installed in the slip cap st the top of the probes. Readings were then
taken;

Carbon monoxide was measured with Dragger tubes. Both tips of the tubes were
broken off and inserted into a Draeger pump with the flow arrow pointed towards the

pump. The quick connect valve was removed and the tube was inserted through the

cap. Gas was drawn through the tubes based on the number of strokes (pumps)
directed on the scale along the tube. The resuilt 'was the amount of discoloration on the
Draeget tube scale.

Temperature réadings were taken on March 14, 15, and 16. Pressure arid gas
composition feadings were taken on Match 17. The data recorded is shown in
Appendix B. The average, maximum, and minimum temperatures for each probe are
also shown. The average, highest, and lowest temperatures of each probe were
relatively consistent:during this period.

The subsurface temperatures show a high variabllity with depth. The lowest
temperatures are near the surface where the surface is cotler. The temperatures

generally increase with depth. ‘The highest temperatures in T1, T-2, T-4, 7-5, and T-6

are riear the bottom of the probe. The highest temperature in T-3is from 12t0 20 ft
below the top of the probe. The temperatures in T-3 then decrease towards the quarry
wall where the temperaturs is cooler.
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The subsurface temperatures also show a high variability from probe to probe. T-1, T-5,
and 7-B are relatively cool. The average and highest tempeérature of T-1, T-5, and T-6
are significantly lower than T-2, T-3, and T-4. The average and h:ghest temperatures on
iarch 16 for T=1, T-5, and T-6 were 92 and 1086, 87 and 110, and 75 and 100 degrees
F, respectively. T-4 was warmer with the average and hlghest temperature of 23 and
123 degrees F, respectively. T-2 and T-3 were relatlvely wart, The average and
highest temperatures were 127 and 134 degreés F for T-2, and 121 and 142 degregs F
for T-3, T-2 and T-3 are rear the active area of surlace and subsurface combustion.

The methane, carbon dioxide, oxygen, and nitrogen concentrations taken on March 17
are typical for LFG (see Appendix B). Thie ranges of methane, carbon dioxide, oxygen,
and nifrogen were 50.4 1o 64.8; 34.4 to 42.4; 0.1 to 2.5 percent by volume and 0to
6.7 percent by volume, respectwely Pressures were relatively low ranging from 0 to
0. 1 inches of water The carbon monoxlde contents ranged frorn 5 to 15 ppm by

where sCS _h__as_ mltlgated active s_ubs_u_r__ta_ce combustion.
PISCUSSION

Temperature levels and carbon monoxide are indicators of active subsurface
combustion, Temperatures exceeding 175 degrees F are often measured in and near
‘the combustion area in landfills where S8 has mitigated subsurface combustion at
other sites. Temperatures as low as approximately 120 degrees F may indicate a
nearby source of subsurface combustion. Temperatures of approximately 100 to 140
degrees F are commonly 1 found in deep landfllls such &s the Bridgeton Sanitary Landfill,
where heat can concentfate because of the insulation ability of refuse. Temperatures of
less than 100 dégrees F are more typical for LFG

often méasuréd if and near the combustnon area in other Iandftlls where SCS has
mitigated active subsurface combustion. Carbon monoxide concentrations as low as
approximately 250 ppm by voliume may also indicate a hearby source of subsur_fa_c_e

combustion. Carbon monoxidé concentrations lower than approxlmately 250 ppm by
volume rnay be:

¢ Residual carbon monoxide from previous subsurface combustion.
» Carbon monoxlde froma distant area of subsurface GOI‘nbUS‘thI‘I

» “Interference gases” détected in the Draeger tubes.
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3-|nd|cate that active suhsurface combustlon m refuse is not currently taknng p!ace in
these dreas along the quarry wall. The higher temperatures in T-2 and T-3 may
represent-typical landfill temperatures or a nearby source of surface or subsurface

cormibustion, The temperature increase with depth in T-2 indicates landfill temperatures
greater than 120 degrees F occur in the !andﬂll betow 20 ft of the surface.

The temperature probe in T-3 from approxlmately 12 to 20 ft below the top of the probe
may reflect the surface and subsurface combustion along the quarry wall. The rapid
decrease in teimperature below approxumately 20 ft beneath the top of the probe
indicates that the subsurfaee combustlen s wuthln 20 ft of the surface The fow
comhustmn in the refuse |s I:mlted {or non—exlstent}, and |s restncted to wuthm 20 ft of
the surface along the qualry wall. Carbon monoxide. produced in the combustion may
be venting through the surface cracks along the quarry wall,

BEC@MMENDATI‘ONS

These steps are as feilows

1.  For the near term, maintain current conditions {i.e., maintain a sealed landfill
surface, positive pressure conditions, and no LFG extraction in the immediate
vicinity of the quarry wall and monitoring probes}. TRW-1, TRW-2, and TRW-3
should remain shut off from header vacuun to maintain positive pressure

conditions.

2. Inject a Portland cement slurry in the cracks along the quarry wall of:the surface
and subsurface combustiori. The slurry miust be thin s6 that it can penetrate and
fill all cracks within 20 to 30 ft of the siirface. The Portland cement slurry may be
purchased from Redbird Concrete Company.

Sturry would first be injected in cracks on elther side of the surface and
subsurface combustion to contain the combustion in the present location.
Otherwise, the combustion could move laterally if initially zn;ected dlI'BCﬂY into the
area of combustion. The: injection of slurry on the sides would also redtice the
pathways of oxygen froim the atmosphere arnd methane from the 1andfill feeding
the combustion. Preventing oxygen from entering into the refuse mass is of
paramount _|mportance in suppressing the combustion. The slury should be

injected with high pressure pumps whlch could be provided by United
Geosciences:
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Injection of slurry into the area of combustion can proceed once the cracks on the

two sides have been filled. Temperatures in the combustion may exceed 1,000
degrees . All safety precautions should be taken including the wearing of
protective clothing and safety glasses. The additicn of bentonite to the slurry may
be necessary to increase the thickness of the slurry. Injection of siurry should

proceed until the combustion has terminated, and all cracks in the combustion

drea have been fillad. -

3.  Line the areas along the quarry wall with bentonite. The areas of past and present
surface and subsurface combustion should be lined. Other areas may be '
considered. All dirt and debris should be cleared from the quarry wall. A trench
up to 2 ft deep should be excavated and filled with bentonite. A non-shrinking
bentonite is preférred. The bentonité will remainin a semi-gel, and will settle
along the quarry wall along with the landfill. Cracks along the quarry wall will be
minimal since the bentonite should remain in a semi-gel stage.

4, Moritor T-1 through T-6 after mitigation for up to several weeks, TRW-1, TRW-2,
and TRW-3 cari be slowly opened to header vacuum once the témperatures in T-2
and T-3 reach an acceptable level. The landfill should be maintained under
pressure to prevent air intrusion. T-1 through T-6 should be monitored and should
maintain positive pressure.

SUMMARY

The infrared thermography of the site and the data from T-1 through T-6 both suggest
that the surface and subsuriace combustion is limited to.the area along the guarry well
in the vicinity of T2 and T-3. There appears to be a hot mass consisting of dirt and
possibly refuse approximately 1010 20 ft below the surface along the quarry wal.

An injection of a Portland cement slurry in cracks on the sides of combustion and then
into the combustion area is recommended. This will prevent the combustion from -
moving laterally and will plug the source of oxygen te the combustion area. Bentonite
should be placed around the quarry wall to reduce air intrusion and possible future
combustion, TRW-1, TRW-2, and TRW-3 can be operated once subsurface temperature

in T-2 and T-3 are acceptable. A rg-evaluation of the mitigation efforts can be
performed at that time.
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Please feel free to discuss our findings and recommendations with any of the
undersigned.

Sincerely,
Dennis P, Gillespie | William M. Held

Project Scientist Project Manager
8CS ENGINEERS SCS ENGINEERS

James J. Walsh, P.E.

Project Director

SCS ENGINEERS

DPG/WMH/IIW:rae

Encl.

ce:  Mike Dolan, Laidlaw Bridgeton
Larry Giroux, Laidlaw, Bridgaton



