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Last spring, an Ohio waste slope collapsed, displacing 1.5 million cu yd of waste.
Remedial measures can prevent similar failures at ~~grandfathered" landfills.
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n the early morning hours of March 9,
1996,at the Rumpke sanitary landfillnear
Cincinnati, a precariously overbuilt waste
slope collapsed, and more than 20 acres of
waste slammed into an adjacent excavation
site. It was the largest single slope failure
ever at a U.S.municipal solid-wastelandfill.
Involving roughly 1.5 million cu yd of
solid waste, the failure demonstrates how
important stability is in the operation and
expansion of "grandfathered"
landfill
slopes. (Grandfathered landfills do not have
an engineered liner system.) Because the
Rumpke landfillwas built on colluvium, one
of the most common surficial deposits, the
findings of the following case history are applicable to the design, operation and expansion of many landfills.
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BEFORE THE FALL

he Rumpkemunicipalsolid-wastelandfill is a 436 acre site just northeast of
Cincinnati.It is the largest landfillin
Ohio, with 135acres permitted for use as

T

DIGGING DEEPER

TIMOTHY D. STARK
W.D. EVANS

n 1994 the Rumpke owner/operator was
granted a permit for a 120 acre lateral expansion. Although U.S. Environmental
Protection Agency (EPA)regulations require
all new municipal solid-waste landfills to be
constructed with a composite liner system,
most landfills in use prior to October 1994
can continue to fillvertically until all of their
grandfathered (or remaining) air space has
been depleted. However, in all lateral expansions, and in some vertical expansions, a
grandfathered landfill will require a composite liner system, which consists of a
leachate collection and removal system, a
geomembrane and a compacted clay liner.
The Rumpke expansion, designed and
to be constructed by the owner/operator,
contained a composite liner system: 5 ft of
compacted clay, a 60 mil high-density polyethylene geomembrane and a leachate collection and removal system were to be
placed in a 140-ft-deep rock excavation at
the toe of the existing landfill. The excavation had been open for nearly 18 months
and was near completion at the time of the
waste slide. The compacted clay liner material had been placed on only a portion of the
excavated slope at the time of failure.
One month before the slide, waste was being placed at the top of the landfilland along
an adjacent slope just below the top vehicle
turnaround. Waste continued to be placed at
the top of the landfilluntil a few days before
the waste slide. At the time of the failure, the
site was overbuilt,or overfilled,by 12 million
cu yd. The slope that failed was overbuilt by
almost 1 million cu yd and towered 40 ft
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fill sites and the remaining acreage used as
a protective buffer zone. Each day an average of 5,000 tons of solid waste arrives
from 750,000 residential customers in 63
counties across portions of Ohio, Kentucky
and Indiana.
The site has been in use continuously
since 1945. Initially, disposal consisted of
pushing waste over the edge of natural
ravines. The soil on the bottom and sides of
the ravine was not excavated prior to waste
placement, which was standard operating
procedure at that time. The native soil is colluvium, a poorly sorted mixture of finegrained SQiland angular rock fragments derived from physical and chemical
weathering of bedrock. Colluvial deposits
are only marginally stable and are put into a
continual near-failure state by downslope
movement caused by gravity and seepage.

above the permitted elevation.

WASTE SLIDE
n the morning of Monday, March 4,
1996, landfill workers noticed cracking
at the top of the northwest slope. Management personnel then reviewed the entire
slope, including the toe below the cracking,
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to see if the cracks were a sign of slope insta- analysis of the waste slide. A 3D analysis
bility.They found no other cracks or indica- takes into account side effects along the
tions of movement on the slope or at the toe. slide mass, giving a better estimate of the
The cracks were covered with soil and field shear strength. In addition, a 3D analyreappeared each day until the waste slide sis was able to simulate the complex geometook place on Saturday, March 9, 1996. Be- try of the ravines and the leachate level at
tween the end of work on Friday, March 8, the time of failure. The back-analysis reand the early morning hours of March 9, vealed that the shear strength of the brown
the cracks widened substantially, and 1.5 to colluvium at the time of failure could be
2.5 ft of vertical displacement occurred.
characterized using an effective stress angle
This cracking extended across the top of of internal friction of 10 to 11 deg and an ef
the landfill and down the east and west side fective stress cohesion of o. We thought
slopes and corresponded to the location of that this low value of friction angle might
the scarp after the failure.
Field observations and photographs of
the failure show that the slope began to
move as a large single slide block toward the
deep excavation on Saturday, March 9. As
the massive block moved, a graben fonned
just behind the slide block, and a scarp 100
to 150 ft high fonned behind the graben. (,A
graben is a depression that forms when a
slide block moves away from the stable material.) A large slide block, graben and vertical scarp are characteristic of a translatory
landslide, which is caused by an upper layer
sliding along a weak underlying layer.
Approximately 20 acres of waste careened
into the 11 acre excavation at the toe of the
grandfathered slope. The toe of the slope
moved roughly 800 to 900 ft to the northern
edge of the deep excavation. Of the overbuild, approximately 475,000 cu yd moved
in the waste slide; 482,000 cu yd remained
at the top of the landfill; 101,000 cu yd was
placed on an adjacent slope; and the remainder of the overbuild was spread throughout
the site. All told, the slide displaced 1.5 million cu yd of waste, making it the largest single slope failure at a municipal solid-waste
facility in u.s. history.
QUESTIONS AND ANSWERS
mmediately after the slide, the Ohio EPA
was called to the scene to protect the
public health and the environment.
W.D. Evans of the Ohio EPAcentral office
was assigned to the team assembled to mitigate and analyze the incident. He then
asked TImothy Stark of the University of
TIlinoisat Urbana-Champaign to be a member of the team.
Based on our observations of the translatory failure and after studying a number of
other possible causes, we decided that the
shear behavior of the brown colluvium and
the overbuild were the main causes.
To investigate the shear behavior of the
brown colluvium, we conducted a 3D back-
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correspond to a residual or minimum value.
Laboratory ring shear tests and empirical
correlations confirmed a residual friction
angle of 10 to 12 deg. However, records
from the Rumpke landfill show that there
was no previous sliding during operation at
this site, which would suggest that a peak
shear strength should have been mobilized
and not a residual value.
We found the mobilization of a residual
shear strength at a site that had not undergone recent sliding perplexing, and felt that
it merited further investigation. We decided
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to conduct an extensive study to detennine
the shear strength mobilized in other colluvial slope failures. A literature review yielded
a number of sources stating that colluvial
slopes mobilize a shear strength significantly less than the peak or maximum value.
In fact, the number of reported failures
is so great that the state of practice is to excavate all colluvium prior to new residential
and commercial construction.
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Secondary causes for the mobilization of
a residual strength at the Cincinnati site are
toe excavation, waste-placement activities
and strain incompatibility between the
waste and colluvium. Toe excavations generate a large stress concentration at the
base of a slope, which can lead to slope instability. We recommend measures such as
quickly buttressing the slope or filling in the
toe excavation to prevent failure. At the
Rumpke landfill, the excavation at the toe of
the slope was open for 18 months while
waste was being placed on the slope.
Strain incompatibility is another cause
for the development of a postpeak shear
strength. Municipal solid waste mobilizes a
peak shear strength at a displacement 30 to
40 times larger than the displacement at
which a soil mobilizes a peak shear
strength. As a result, the soil will attain a
postpeak shear strength before the peak
strength of the waste has been mobilized.
This strain incompatibility can lead to slope
instability because the colluvium or other
underlying materials may attain a residual
strength before the peak strength of the
waste is mobilized.
Fmally, initial waste-placement activities
at this site meant pushing waste from the
top to the bottom of the natural ravines.
This activity added to the'downslope move,ment of the colluvium, which increased the
magnitude of shear displacement in the col-
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Workers assess damage at the edge of the
fault line at Rumpke.
luvium. As the colluvium moved downslope,
the soil was undergoing shear displacement, leading to the development of a postpeak shear strength.
To our minds, however, another culprit
in the waste slide was the 1.2 million cu yd
of overbuild. As part of the expansion permit, the maximum elevation of the landfill
was set at +1,065 ft. The last survey, taken
about one month before the waste slide,
gave the maximum elevation of the landfill
at more than 1,105ft..The average slope was
2.6 horizontal:1 vertical, but some portions
of the slope were steeper than 1.85H:1V.In
addition, a nearly vertical excavation 15 to
20 ft high was constructed at the toe of the
slope for a composite liner anchor trench
and an access road.
In short, the stage was set for the overbuilt slope to exceed the shear resistance of
the underlying colluvial soil.
Using the back-calculated, measured
and estimated residual friction angle of the

brown colluvium, i.e., 10 to 12 deg, we calculated the 3D factor of safety for the slope.
Our analysis revealed that the factor of If;
safety decreased from approximately 1.15 at
elevation +1,005 it to unity at elevation
+1,105 ft. This led us to conclude that although the overbuild was the triggering
mechanism for the marginally stable slope,
the cause of the waste slide itself was the
mobilization of a residual shear strength in
the brown colluvium. Mobilization of a
residual strength in the brown colluvium
would result in a weak layer underlying the
waste, which is in agreement with the translatory nature of the failure.
SLOPE RECONSTRUCTION
out two months after the waste slide,
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the owner/operator initiated its own
. 'ted subsurface investigation to determine why the slope failed and also to resolve appropriate shear strength parameters for design of the reconstructed slope.
Using these findings, Rumpke completed the majority of the slope reconstruction by January 1997.Two rock berms were
installed at the toe of the slide mass, and the
slope was rebuilt from the toe of the slide
mass up toward the scarp. New solid waste
was placed at the toe of the slope, and over-"
build was excavated from the top of the
slope to achieve the final grade. The new
slope has an inclination of 5H:1V to the
maximum pennitted elevation.
FIRM GROUND

ased on the 150-ft-high scarp that remained nearly vertical for seven
months at this site and the results of
large-scale laboratory tests on municipal
solid waste, as well as the experience of similar slope failures, we know that municipal
solid waste is a strong material. The exact

B

J

STORMWATERTM
MANAGEMENT

Providing Innovative Storm water Quality Solutions

1-BOtJ..54S 4667
http://www.stormwatermgt.com

recommendations

mechanisms behind its high shear strength
are not known, but the interconnection of
plastics and other materials plays a significant role. Future testing and slope stability
evaluations should focus more on the materials that interface with municipal solid
waste, e.g., geosynthetics and native materials, and not on the waste itself.
The extraordinary failure at the Rwnpke
landfill clearly illustrates the importance of
the shear behavior of native materials underlying the waste. These nativ.e materials
should be sampled and tested to evaluate
their shear strength and the resulting impact
on interim and final stability of waste slopes.
Because of the natural variability of colluvium, it is essential that the colluvium directly underneath the waste be tested to estimate its applicable drained residual strength.
Since it would be impossible to excavate the
colluvium underlying grandfathered landfills
because of the enormous cost, we recommend that these slopes be designed using a
drained residual shear strength. This recommendation probably willhave a large impact
on the expansion and operation of grandfa.
thered landfills,such as the Rwnpke sit€.
Another finding is the importance of toe
excavations and the stability of interim
waste slopes. The critical time for the stability of a waste slope is while the toe is being
excavated, which may expose a weak layer.
A subsurface investigation should be conducted to determine if a weak layer is present. Careful planning should ensure that
the waste slope is unprotected for a minimum amount of time. The interim waste
slope may warrant instrumentation to monitor movements while construction staff are
working below the waste slope. Before installing the instrumentation, it's crucial to
develop procedures for monitoring, quickly
interpreting the results, determining the
criteria for imminent failure and evacuating
the excavation. In addition, if there are de-

lays in construction. waste may need to be
diverted to another facility to ensure that
the adjacent waste slope is not overbuilt.
Even though it may not be required by regulations, engineers should investigate the
stability of interim waste slopes to ensure
slope stability during construction.
F"mally,if waste slopes continue to fail,
state agencies may be forced to regulate the
maximum waste slope inclination and the
feasibility of closing. Michigan requires that
final waste slopes have an inclination less
than or equal to 4H:IV to improve final
cover stability and prevent erosion. In the
aftermath of this waste slide, Ohio issued

waste slope inclination
and filling procedures to
ensure the stability of
waste slopes. Ohio also is
in the process of drafting
a slope stability policy that
will probably limit waste
slope inclinations
to
3H:IV. Even these regulations on slope inclination
may fail to prevent waste
slides if weak layers, such
as colluvium or geosynthetics, exist underneath the waste. In colluvial slopes, the slope inclination may be less
critical than the inclination of the rock underlying the colluvium or the pore-water
pressure in the colluvium. Ifwaste slope failures continue, more states may regulate
waste slope inclination and remove one of
the most challenging and innovative aspects

ofwastecontainment
design.
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