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Standard Test Method for

Measurement of Hydraulic Conductivity of Porous Material

Using a Rigid-Wall, Compaction-Mold Permeameter 1!

This standard is issued under the fixed designation D 5856; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope D 4753 Specification for Evaluating, Selecting, and Speci-

1.1 This test method covers laboratory measurement of the fying Balances and Scales for Use in Soil, Rock, and

hydraulic conductivity (also referred to aefficient of per- Construction Materiafs _
meability) of laboratory-compacted materials with a rigid-wall, D 5084 Test Method for Measurement of Hydraulic Con-
compaction-mold permeameter. ductivity of Saturated Porous Materials Using a Flexible

1.2 This test method may be used with laboratory- _Wall Permeametér . .
compacted specimens that have a hydraulic conductivity less E 145 Specification for Gravity-Convection and Forced-
than or equal to X 10°° m/s. The hydraulic conductivity of Ventilation Oven$
compacted materials that have hydraulic conductivities great ;
than 1x 10°> m/s may be determined by Test Method D 2434.93(' Termln.ollo.gy . .
1.3 The values stated in SI units are to be regarded as the 3-1 Definitions of Terms Specific to This Standard:
standard, unless other units are specifically given. By tradition 3-1-1 flux—quantity of flow per unit area per unit time.
in U.S. practice, hydraulic conductivity is reported in centime- 3:1.2 hydraulic conductivity, -the rate of discharge of

tres per second, although the common SI units for hydrauligvater under laminar flow conditions through a unit cross-
conductivity are metres per second. sectional area of a porous medium under a unit hydraulic

1.4 This standard does not purport to address all of thegradient and standard temperature conditions (20°C).
safety concemns, if any, associated with its use. It is the 3-1.2.1Discussior-The termcoefficient of permeabilitis
responsibility of the user of this standard to establish appro-Oftén used instead olfiydraulic conductivity but hydraulic

priate safety and health practices and determine the applicaconductivityis used exclusively in this test method. A more
bility of regulatory limitations prior to use. complete discussion of the terminology associated with Dar-

cy’s law is given in the literatufe

2. Referenced Documents 3.1.3 pore volume of flow-the cumulative quantity of
2.1 ASTM Standards: outflow from a test specimen divided by the volume of pore
D 653 Terminology Relating to Soil, Rock, and ContainedSPace in the specimen. o

Fluidg 3.1.4 For definitions of other terms used in this test method

D 698 Test Method for Laboratory Compaction Character-S€€ Terminology D 653.
istics of Soil Using Standard Effort (12 400 ft-Ibfff(600
KN-m/m?3)? _ _ _ _ _

D 854 Test Method for Specific Gravity of Soils Solids by _4-1 This test method applies to one-dimensional, laminar
Water Pycnometér flow of water within laboratory-compacted, porous materials

D 1557 Test Method for Laboratory Compaction CharacterSUch as soil. _ . .
istics of Soil Using Modified Effort (56 000 ft-Ioff(2700 4.2 The hydraulic conductivity of porous materials gener-
KN-m/md))? ally decreases with an increasing amount of air in the pores of

D 2216 Method for Laboratory Determination of Water the material. This test method applies to porous materials
(Moisture) Content of Soil and Rock by M&ss containing little or no air. The test method is designed to

D 2434 Test Method for Permeability of Granular Soils minimize the amount of air in the test specimen. However, this
(Constant Head) test method does not ensure complete saturation of the test

specimen with water. In cases where it is essential to saturate

4. Significance and Use

* This test method is under the jurisdiction of ASTM Committee D18 on Soiland————————
Rock and is the direct responsibility of Subcommittee D18.04 on Hydrologic Annual Book of ASTM Standardgol 04.02.

Properties of Soil and Rock. 40lson, R. E., and Daniel, D. E., “Measurement of the Hydraulic Conductivity
Current edition approved Nov. 10, 1995. Published January 1996. of Fine-Grained Soils,Symposium on Permeability and Groundwater Contaminant
2 Annual Book of ASTM Standardgol 04.08. Transport, ASTM STP 74ASTM, 1981, pp. 18-64.
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the test specimen fully with water, the compacted specimeinitial head loss divided by final head loss over an interval of
may be tested using Test Method D 5084. time shall be measured such that this computed ratio is accurate

4.3 This test method applies to permeation of porous mateo within = 5%. The head loss shall be measured with a
rials with water. Permeation with other liquids, such aspressure gage, electronic pressure transducer, engineer’s scale,
chemical wastes, can be accomplished using procedures singraduated pipette, or any other device of suitable accuracy.
lar to those described in this test method. However, this tesfalling head tests may be performed with either a constant
method is only intended to be used when water is the permeatdilwater elevation (Test Method B), rising tailwater elevation
liquid. (Test Method C), or increasing tailwater elevation (Test

4.4 It is assumed that Darcy’s law is valid and that theMethod D).
hydraulic conductivity is essentially unaffected by hydraulic 5.1.3 Constant Rate of Flow-The system must be capable
gradient. The validity of Darcy’s law may be evaluated by of maintaining a constant rate of flow through the specimen to
measuring the hydraulic conductivity of the specimen at thregvithin + 5 % or better. Flow measurement or control shall be
hydraulic gradients; if all measured values are similar (withinby calibrated syringe, graduated pipette, or other device of
25 %), then Darcy’s law may be taken as valid. However, whersuitable accuracy. The head loss across the specimen shall be
the hydraulic gradient acting on a test specimen is changed, theeasured to an accuracy 6f5 % or better using an electronic
state of stress will also change, and, if the specimen or porgressure transducer or other device of suitable accuracy. A
fluid is compressible, the volume of the test specimen or poréneans to ensure that the head being measured is not affected by
fluid will change. Thus, some change in hydraulic conductivitysidewall leakage should be included. More information on
may occur when the hydraulic gradient is altered, even in casaesting with a constant rate of flow is given in the literature
where Darcy’s law is valid. 5.2 Flow Measurement SysterBoth inflow and outflow

4.5 One potential problem with this method of testing is theyolumes shall be measured or controlled. Flow volumes shall
possibility that water will flow along the interface between thepe measured by a graduated accumulator, graduated pipette,
test specimen and the compaction/permeameter ring. Thgraduated cylinder, vertical standpipe in conjunction with an
problem tends to be of minimal significance for materials thal|ectronic pressure transducer, marriotte bottle, or other
swell when exposed to water (for example, compacted, clayeyolume-measuring device of suitable accuracy. For long-term
soils) but can be a very serious problem for materials thafests, evaporative losses may be significant and should be
might tend to shrink and pull away from the walls of the accounted for using a suitable correction procedure.
permeameter. Test Method D 5084 is recommended for any 5 5 1 Flow Accuracy—Required accuracy for the quantity
material that tends to shrink when exposed to the permeapj fio\y measured over an interval of time is 5 % or better.

liquid. . i
4.6 The correlation between results obtained with this tes;oﬁézézndHep?g CI(;SSZ?S';E?? p!gzsé?sn:gyﬂl]:afju?g sérr\garlv_?g, g%%r d

metthczjd n?ntd rithle I:\ydrﬁullcb co:?url:t|\/i|rt]|\</as t?f 'tn'dplaéf’ (r:ior::'against such errors, the permeameter shall be assembled with
pacte aterials has not been fully investigated. EXperiencg, specimen inside (but with any porous end pieces or sheets

has sometimes shown that flow patterns in small, Iaboratory(-)f filter paper that will be used) and then the hydraulic system

prepared test spe(_:imens do not necessarily .fOIIOW the.s.an}ﬁled. If a constant or falling head test is to be used, the
patterns on large field scales and that hydraulic conductlvmeﬁ i

! . draulic pressures or heads that will be used in testing a
measured on small test specimens are not necessarily the Safifscimen shall be applied, and the rate of flow measured with
as larger-scale values. Therefore, the results should be apph% !

to field situati ith i 4b lified | accuracy oft 5% or better. This rate of flow shall be at
0 field situations with caution and by qualllied personnel. o 4qt ten times greater than the rate of flow that is measured

5. Apparatus when a specimen has been compacted inside the permeameter

5.1 Hydraulic Syster-Constant head (Test Method A) and the same hydraulic pressures or heads are applied. If a
falling head (Test Methods B, C, and D), or constant rate 'ofzonstant rate of flow test is to be used, the rate of flow to be

flow (Test Method E) systems may be used provided they me&sed in testing a specimen shall be supplied to the permeameter
the criteria outlined as follows: and the head loss measured. The head loss without a specimen

5.1.1 Constant Head-The system must be capable of shall be less than 0.1 times the head loss when a specimen is

maintaining a constant hydraulic pressure or head to within P"€Sent |

5 9% and shall include means to measure hydraulic pressures or>-3 Pérmeameter Cet-The permeameter cell shall consist
heads to within the prescribed tolerance. In addition, the heaflf @ rigid-wall compaction mold into which the material to be
loss across the test specimen must be held constant to within €Sted is compacted and in which the compacted material is
5% and shall be measured with the same accuracy or bettdermeated; and two end plates to control flow into and out of
Pressures shall be measured by a pressure gage, electroltlg test specimen. A swell ring may be_ provided as discussed in
pressure transducer, or any other device of suitable accuracy.3-2- The permeameter shall be designed and operated so that
Head of liquid in a standpipe may be measured with @Permeant water flows downward through the test specimen,
graduated pipette, ruler, scale, or other device of suitable

accuracy.

o2 Fa“mg Head—The system shall allow for measure- 5 Olsen, H. W,, Gill, J. D., Willden, A. T., and Nelson, N. R.,* Innovations in

m.en.t of the app“ed head IOS§- thus hyd_r_au“C gradpnt, tQ—Iydraulic Conductivity Measurementsltansportation Research Record No. 1309
within= 5 % or better at any time. In addition, the ratio of Transportation Research Board, National Research Council, Washington, DC, 1991.
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although upward flow may be used if the top of the specimen Vent lnF!,Iuent
is protected from upward movement by a rigid porous element. Port N\ ort

5.3.1 Compaction Mold/Permeameter Rirg’he compac-
tion mold/permeameter ring shall be constructed of a rigid 15
material that will not be damaged during compaction of the test  Plate g T
specimen and that will not undergo adverse chemical reactions Porous
with the test material or permeant water. Materials such as Disc
steel, aluminum, brass, plastic, and glass have been used. The )
mold shall be sufficiently rigid so that its expansion when the  Clamping Compacted .
permeameter is pressurized is negligibly small. The mold can Rod Test Specimen ERA A
be any cylindrical shape so long as: the cross-sectional area
along the direction of flow does not vary by more thar? %; Porous
height and diameter are eaeh25 mm; height does not vary oK Disc
by more than+ 1 %, and the largest particle and clod size in B‘:,"Om—’ = =
the compacted specimen 5 ¥ the lesser of the height or
diameter.

5.3.2 Swell Ring—The top of the permeameter may be
designed to function in one of three way4) to allow no Effluent
restraint against swelling (see Fig. 1), in which case a swell Port

ring separates the compaction mold/permeameter ring from the™'G- 2 Compaction-Mold Pg;”r‘]iz;";tl\%”'” Which Test Specimen

top plate; ) to allow no swelling of the test specimen (see Fig.
2), in which case no swell ring is provided; &) to control the
vertical stress that is applied to the test specimen (see Fig. 3),
in which case a swell ring may or may not be needed,
depending upon how the top plate is designed and how the
vertical stress is applied. If a swell ring is used, it shall be
constructed of a rigid material that will not react adversely with ~ e™" ~—~—a
the test material or permeant water, shall have the same

diameter or width as the compaction mold/permeameter ring, S
and shall be sufficiently high to allow free swelling of the test Chamber
specimen or to accommodate stress-control apparatus. Sand

may be placed in the swell ring to minimize erosion of the

specimen from influent flow provided that the sand is included

in the measurement of head losses in the permeameter (see

p
5.2.2). Baes — <

Pressure Port
Vent Fitting

influent Pont

Vent influent Effiuent Port
Port \ Port Valve
FIG. 3 Compaction-Mold Permeameter With a Controlled Vertical

Stress Applied to the Top of the Test Specimen

Top —- Swell
Plate Ring
5.3.3 Stress-Control Apparatus!f the upper surface of the

compacted test specimen is subjected to a controlled vertical

Compaction Mold/ stress, the stress shall be applied through a rigid plate using any
Clamping N Permeameter Ring means that maintains the stress within5 % of the desired
Rod Compacted value
Test Specimen )
5.3.4 Bottom Plate—The bottom plate shall be constructed
Porous of rigid material that does not react adversely with the test
Disc . .

1 material or permeant liquid. The plate shall serve the purpose

Bogtg{g_» e of preventing the test specimen from swelling downward,

supporting the test specimen, collecting effluent liquid from the
base of the test specimen, and ensuring one-dimensional flow
near the effluent end of the test specimen. The base plate shall

Efi be sealed to the compaction mold/permeameter ring, for

ng{“ example, with an O-ring, to prevent leakage. Checks for leaks,

FIG. 1 Compaction-Mold Permeameter with No Restraint Against conducted without soil in the cell, are helpful to ensure
Swelling at Top of Test Specimen adequacy of the seals. Careful examination of the seal is
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particularly important when the apparatus is disassembled arttave a negligibly small hydraulic impedance. The require-
re-assembled during the test. The bottom plate shall containments outlined in 5.2.2 ensure that the impedance is small.
porous material (such as porous plastic, porous metal, porous5.5 Equipment for Compacting a SpecimeRquipment
corundum, or well-compacted sand) that is far more permeabl@ncluding compactor and mold) suitable for the method of
than the test specimen (5.2.2 ensures that this is the case) acmimpaction specified by the requester shall be used. Examples
that has the same overall diameter or width as the testf compaction equipment/procedures are Test Methods D 698
specimen. Two base plate designs are acceptable: and D 1557.

5.3.4.1 Single-Ring—This design (Fig. 1, Fig. 2, and Fig. 3) 5.6 Devices for Measuring the Dimensions of the
consists of a single porous material with the same diameter @pecimenr-Devices used to measure the dimensions of the
width as the test specimen. specimen shall be capable of measuring to the nearest 0.3 mm

5.3.4.2 Double Ring—With this design (see Fig. 4), outflow (0.01 in.) or better and shall be constructed such that their use
from the central part of the test specimen is separated frorwill not disturb the specimen.
flow near the sidewalls in the base plate. The system shall be 5.7 Balances—The balance shall be suitable for determin-
designed so that the collector ring (see Fig. 4) protrudegng the mass of the specimen and shall be selected as discussed
approximately 3 mm into the test specimen and completelyn Specification D 4753. The mass of specimens less than 100
separates flow entering the base plate through the inner zome shall be determined to the nearest 0.01 g. The mass of
from flow entering the outer zone. A thin ring with a sharp edgespecimens 100 g or larger shall be determined to the nearest 0.1
should be used to prevent disturbance of the soil during. The mass of specimens > 1000 g shall be determined to the
installation. nearest 1.0 g.

Note 1—The double ring is preferred over the single ring because th 5.8 Temperaure Mamtammg DevieeThe temperature of
double ring provides a means for identifying erroneous measuremenihe,permeameter' test specimen, and reservoir of permeant
caused by side-wall leakage. Unless the requestor specifically requestdigiuid shall not vary more thart3°C (+5.7°F). Normally, this
single-ring base plate, the double-ring base plate shall be used. is accomplished by performing the test in a room with a

relatively constant temperature. If such a room is not available,
atlhe apparatus shall be placed in a water bath, insulated
or permeant water. The top plate shall be sealed to thchamber, or other qQV|ce that maintains a temperature W|th|r}

. . e . the tolerance specified above. The temperature shall be peri-
compaction mold/permeameter ring or swell ring (if present) in

.»_odically measured and recorded.
a way that prevents leakage. Tests for leaks, conducted W|thoufj5_9 Water Content ContainersThe containers shall be in

soil in the cell, are helpful to ensure the adequacy of the Sealséf:cordance with Test Method D 2216.

The plate shall be designed to ensure that flow through the tes 5.10 Drying Oven—The oven shall be in accordance with
specimen is one-dimensional. Spécification E 145

5.4 Filter Paper—If necessary to prevent intrusion of ma- '
terial into the pores of the porous end pieces, one or morg
sheets of filter paper shall be placed between the top and

bottom porous end pieces and the specimen. The paper shall6-1 Permeant Water _ o
6.1.1 The permeant water is the liquid used to permeate the

test specimen. Any liquid introduced into the test specimen,
porous elements, filter paper, or other portions of the per-
meameter shall be permeant water.

6.1.2 The type of permeant water shall be specified by the
requestor. If no specification is made, de-aired tap water shall

5.3.5 Top Plate—The top plate shall be constructed from
rigid materials that do not react adversely with the test materi

Reagents

Vent influent
Port

Top —»- Swell be used for the permeant liquid. The type of water used shall be
Plate Ring indicated in the report. Regardless of the type of permeant
Clamping water requested, the water shall be de-aired water (see 6.1.3),

Rod

unless the requestor specifically requests that the water not be
Compaction Mold/

Inner Permeameter Ring de-aired.

Porous

Disc Compacted

Test Specimen Note 2—Chemical interactions between a permeant liquid and the

porous material may lead to variations in hydraulic conductivity. Distilled
water can significantly lower the hydraulic conductivity of clayey sbils.
For this reason, distilled water is not usually recommended as a permeant
liquid. A permeant liquid used by some is 0.085CaSQ, that can be
obtained, for example, by dissolving 6.8 g of non-hydrated, reagent-grade
CaSQ in 10 L of de-aired, distilled (or de-ionized) water. This CaSO
solution is thought to neither increase nor decrease significantly the
hydraulic conductivity of clayey soils. In areas with extremely brackish
tap water, the CaSQsolution is recommended.

Outer
Porous
Disc

Collector
Ring

Effluent

Ports 6.1.3 To aid in removing as much air from the test specimen
FIG. 4 Compaction-Mold Permeameter With Double Ring in Base as p_OSSIb|e, de_'_aWEd water S_ha” be_Used-_ The water IS usually
Plate de-aired by boiling, by spraying a fine mist of water into an
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