
S

Designation: D 5093 – 90 (Reapproved 1997)

Standard Test Method for
Field Measurement of Infiltration Rate Using a Double-Ring
Infiltrometer with a Sealed-Inner Ring 1

This standard is issued under the fixed designation D 5093; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes a procedure for measuring
the infiltration rate of water through in-place soils using a
double-ring infiltrometer with a sealed inner ring.
1.2 This test method is useful for soils with infiltration rates

in the range of 13 10−7 m/s to 13 10−10 m/s. When infiltra-
tion rates$13 10−7 m/s are to be measured Test Method
D 3385 shall be used.
1.3 This test method provides a direct measurement of

infiltration rate, not hydraulic conductivity. Although the units
of infiltration rate and hydraulic conductivity are similar, there
is a distinct difference between these two quantities. They
cannot be directly related unless the hydraulic boundary
conditions, such as hydraulic gradient and the extent of lateral
flow of water are known or can be reliably estimated.
1.4 This test method can be used for natural soil deposits,

recompacted soil layers, and amended soils such as soil
bentonite and soil lime mixtures.
1.5 The values stated in SI units are to be regarded as

standard. The values in parentheses are for information only.
1.6 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Soil, Rock, and Contained
Fluids2

D 3385 Test Method for Infiltration Rate of Soils in Field
Using Double Ring Infiltrometers2

3. Terminology

3.1 Definitions:
3.1.1 infiltration—downward entry of liquid into a porous

body.
3.1.2 infiltration rate, I—quantity of liquid entering a po-

rous material (m3) per unit area (m2) per unit time (s),

expressed in units of m/s.
3.1.3 infiltrometer—a device used to pond liquid on a

porous body and to allow for the measurement of the rate at
which liquid enters the porous body.
3.1.4 For definitions of other terms used in this test method,

see Terminology D 653.

4. Summary of Test Method

4.1 The infiltration rate of water through soil is measured
using a double-ring infiltrometer with a sealed or covered inner
ring (Fig. 1). The infiltrometer consists of an open outer and a
sealed inner ring. The rings are embedded and sealed in
trenches excavated in the soil. Both rings are filled with water
such that the inner ring is submerged.
4.2 The rate of flow is measured by connecting a flexible

bag filled with a known weight of water to a port on the inner
ring. As water infiltrates into the ground from the inner ring, an
equal amount of water flows into the inner ring from the
flexible bag. After a known interval of time, the flexible bag is
removed and weighed. The weight loss, converted to a volume,
is equal to the amount of water that has infiltrated into the
ground. An infiltration rate is then determined from this
volume of water, the area of the inner ring, and the interval of
time. This process is repeated and a plot of infiltration rate
versus time is constructed. The test is continued until the
infiltration rate becomes steady or until it becomes equal to or
less than a specified value.

5. Significance and Use

5.1 This test method provides a means to measure low
infiltration rates associated with fine-grained, clayey soils, and
are in the range of 13 10−7 m/s to 13 10−9 m/s.
5.2 This test method is particularly useful for measuring

liquid flow through soil moisture barriers such as compacted
clay liner or covers used at waste disposal facilities, for canal
and reservoir liners, for seepage blankets, and for amended soil
liners such as those used for retention ponds or storage tanks.
5.3 The purpose of the sealed inner ring is to: (1) provide a

means to measure the actual amount of flow rather than a drop
in water elevation which is the flow measurement procedure
used in Test Method D 3385 and (2) to eliminate evaporation
losses.
5.4 The purpose of the outer ring is to promote one-

dimensional, vertical flow beneath the inner ring. The use of

1 This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommittee D18.04 on Hydrologic
Properties of Soil and Rocks.
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large diameter rings and large depths of embedments helps to
ensure that flow is essentially one-dimensional.
5.5 This test method provides a means to measure infiltra-

tion rate over a relatively large area of soil. Tests on large
volumes of soil can be more representative than tests on small
volumes of soil.
5.6 The data obtained from this test method are most useful

when the soil layer being tested has a uniform distribution of
pore space, and when the density and degree of saturation and
the hydraulic conductivity of the material underlying the soil
layer are known.
5.7 Changes in water temperature can introduce significant

error in the volume change measurements. Temperature
changes will cause water to flow in or out of the inner ring due
to expansion or contraction of the inner ring and the water
contained within the inner ring.
5.8 The problem of temperature changes can be minimized

by insulating the rings, by allowing enough flow to occur so
that the amount of flow resulting from a temperature change is
not significant compared to that due to infiltration, or by
connecting and disconnecting the bag from the inner ring when
the water in the inner ring is at the same temperature.
5.9 If the soil being tested will later be subjected to

increased overburden stress, then the infiltration rate can be
expected to decrease as the overburden stress increases. Labo-
ratory hydraulic conductivity tests are recommended for stud-
ies of the influence of level of stress on the hydraulic properties
of the soil.

6. Apparatus

6.1 Infiltrometer Rings—The rings shall be constructed of a
stiff, corrosion-resistant material such as metal, plastic, or
fiberglass. The shape of the rings can be circular or square.
However, square rings are recommended because it is easier to
excavate straight trenches in the soil. The rings can be of any
size provided: (1) the minimum width or diameter of the inner
ring is 610 mm (24 in.); and (2) a minimum distance of 610
mm is maintained between the inner and outer ring. The
following is a description of a set of rings that can be
constructed from commonly available materials, incorporates
the requirements described above, and has worked well in the
field.
6.1.1 Outer Ring—A square ring (Fig. 2) comprised of four

sheets of aluminum approximately 3.6 m by 910 mm by 2 mm
(12 ft by 36 in. by 0.080 in.) The top edge of the aluminum
sheet is bent 90° in order to provide rigidity. A hole is provided

in the center of the top edge. One edge of each sheet is bent
90°. Holes are drilled along each side edge so that the sheets
can be bolted at the corners. A flat rubber gasket provides a seal
at each corner. A wire cable approximately 15 m long with a
clamp may be needed to tie the top edges together.
6.1.2 Inner Ring—A square ring (Fig. 3), 1.52 m (5 ft) on a

side, made of fiberglass provided with two ports. The top is
shaped in such a way as to vent air from the ring as it is filled.
A port is provided at the highest point so that any air that
accumulates in the ring during the test can be flushed out. One
port must be located at the top of the ring. The other port must
be located beneath the top port. A150 mm (6 in.) skirt, that is
embedded into the soil, is provided along the edge of the ring.

FIG. 1 Schematic Of A Double-Ring Infiltrometer With A Sealed
Inner Ring FIG. 2 Panel For Outer Ring

FIG. 3 Inner Ring
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