Geosynthetics in
Modern Landfills

Source: Zornberg and Christopher 2007

An Unsaturated Soil Cover:
• Controls percolation
• Is stable under static and
seismic conditions
• Controls erosion
• Is aesthetically pleasing
• Is easy to maintain
• Is cost-effective
• Minimizes desiccation
cracking

Prescriptive Cover:
(“Barrier” System)

Unsaturated Soil Cover:
(“Reservoir” System)
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RMA was originally
about 27 square
miles (69 km² )

Section 36 as it appeared in 1976
(U.S. Army aerial photograph)
Sarin bomblet showing
relative size (USFWS
photograph).

Sarin bomblet recovered
from a debris pile at the
RMA (U.S. Army
photograph)

Bald eagles and many
other animals live at RMA
seasonally or year-round,
or use it as a stopover on
migration routes (EPA
field oversight
photograph)

Bison in the Bison Pilot Area (EPA
field oversight photograph)

Design criterion requires that the basal
percolation through the proposed
unsaturated soil cover be less than 1.3
mm/year
 Four test covers were constructed using
different soil types and cover thickness
values ranging from 42 to 60 in
 Test covers involved lysimeters with sets of
moisture sensors within the test area


Four candidate cover test plots were
constructed for performance evaluation
 A one-year monitoring of the test plots
conducted using a total precipitation
(natural+irrigation) of 21.5”
 Equivalence would be demonstrated if a
test plot shows a percolation below 1.3
mm/year


Geotextiles
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All four test
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A capillary break developed at
the lysimeter interface in three
of the five years of continued
monitoring (1999, 2001, 2003).
Development of a capillary break
held significant volumes of
liquid that would have otherwise
percolated.
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A capillary break developed at the
interface between cover soils and
geotextiles in the RMA lysimeters
 The development of a capillary barrier in
lysimeters leads to erroneously low
records of percolation
 The covers at RMA were not initially
designed to account for a capillary barrier
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Geosynthetic
drainage layer

What?
• A series of infiltration experiments involving a
layer of unsaturated soil overlaying either:
– a granular drainage layer (sand), or
– a geocomposite drainage layer

Why?
• To compare the build up of moisture at the
interface between the unsaturated soil and the
different underlying drainage materials.

Infiltration Tests

Comparison:
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A capillary break developed at the interface between
cover soils and geotextiles in the RMA lysimeters
The development of a capillary barrier in lysimeters
leads to erroneously low records of percolation
The covers at RMA were not initially designed to
account for a capillary barrier

 To

satisfy equivalence, the cover
system at RMA had to be fully
re-designed as an engineered
capillary barrier system

Diverse mixture of
native plants

(EPA field oversight photograph)
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16 inches of biota barrier material. Stockpile of crushed concrete from the demolition of the old
Stapleton International Airport, being loaded for cover construction (EPA field oversight
photographs)

1.22 m‐thick soil layer
Nonwoven geotextile

Choked BBM
Capillary barrier layer (orange geotextile) on the Shell Cover. Placement of capillary barrier material
(squeegee ‐ a clean, washed gravel material) on the Integrated Cover System (EPA field oversight
photographs)

Lysimeters 1, 2, and
3 are located within
the Shell Cover:
– Northern toe of slope
– Northern top of slope
– Southern toe of slope

(EPA field oversight photograph)

• Data Evaluated:

–
–
–
–
–

Moisture content
Soil temperature
Percolation
Precipitation
Irrigation

(EPA field oversight photograph)

• The hydraulic conductivity of unsaturated geomaterials
with relatively large pores (e.g. gravel, geotextiles)
decreases faster than that of fine‐grained soils.
• The development of a capillary barrier in lysimeters has
been overlooked in current practice. This has led to
erroneously low (unconservative) records of percolation.
• Column studies have confirmed the development of a
capillary break at the interface between soils and an
underlying nonwoven geotextile.
• Results from infiltration studies have demonstrated that
geosynthetic capillary barriers outperform the soil‐only
capillary barriers.

• A capillary barrier layer was added to the original
(and already approved) design in 2005
• Land was transferred to the USFWS in 2006, making
the Rocky Mountain Arsenal Wildlife Refuge one of
the largest urban refuges in the United States (12,500
acres)
• Construction of the redesigned, unsaturated soil
covers was completed in 2011
• Field monitoring is currently in progress to eventually
determine if the covers are performing as intended

The Rocky Mountain Arsenal is a
good example illustrating that, in the
design of our geotechnical systems,
we should not only assess if our
geotechnical system does work, but
also why our system works as it
does.

