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OutlineOutline

�� NRCS Embankment ConstructionNRCS Embankment Construction
HistoryHistory

�� Problems with Dispersive ClaysProblems with Dispersive Clays
�� Tests DevelopedTests Developed
�� Defensive Design/RemedialDefensive Design/Remedial

TreatmentTreatment
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Embankment Construction HistoryEmbankment Construction History
of NRCSof NRCS

�� 11,000 + dams constructed between11,000 + dams constructed between
1949 and present1949 and present

�� Average dam height 25Average dam height 25--60 feet60 feet
�� Majority are singleMajority are single--purpose floodpurpose flood

controlcontrol
�� Significant number of high hazard,Significant number of high hazard,

multimulti--purpose dams includedpurpose dams included
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Typical DamTypical Dam
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Engineering Problems withEngineering Problems with
Dispersive ClaysDispersive Clays

��Erosion of external slopesErosion of external slopes --
embankments and channel slopesembankments and channel slopes

��JuggingJugging
��RillingRilling
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Surface Erosion and JuggingSurface Erosion and Jugging

Jugholes
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Surface Erosion and JuggingSurface Erosion and Jugging

Jugholes
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Engineering Problems withEngineering Problems with
Dispersive ClaysDispersive Clays

��Internal erosion of fills throughInternal erosion of fills through
crackscracks
��Catastrophic failuresCatastrophic failures
��Usually occur during first fillingUsually occur during first filling
��Hydraulic fracturing contributionHydraulic fracturing contribution
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Owl Creek 13, OKOwl Creek 13, OK

�� No eyewitnessNo eyewitness

�� FailureFailure tunnel along right side of conduittunnel along right side of conduit

�� Failure tunnel about 18 feet in diameterFailure tunnel about 18 feet in diameter
with bottom near bottom of conduitwith bottom near bottom of conduit



11Natural Resources Conservation Service

Example FailuresExample Failures –– Owl Creek, Site 13Owl Creek, Site 13
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Example FailuresExample Failures –– Owl Creek, SiteOwl Creek, Site
1313
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Example FailuresExample Failures –– Owl Creek, Site 13Owl Creek, Site 13
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Owl Creek 13 Causes of FailureOwl Creek 13 Causes of Failure

�� Embankment compacted dry of optimumEmbankment compacted dry of optimum

�� Highly dispersive claysHighly dispersive clays

�� Conduit installed on highly compactedConduit installed on highly compacted
trench backfilltrench backfill

�� Near sharp bedrock profile under damNear sharp bedrock profile under dam
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Upper Red Rock Site 20,Upper Red Rock Site 20,
OklahomaOklahoma

�� Failure on Second First FillingFailure on Second First Filling
�� Site Built in 1973Site Built in 1973
�� Impounded pool of water until 1986 withImpounded pool of water until 1986 with

no problemsno problems
�� Unprecedented pool level reached that wasUnprecedented pool level reached that was

4 feet below dam crest4 feet below dam crest
�� Failure tunnel 40 feet to side of conduitFailure tunnel 40 feet to side of conduit
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Note water flowing
from other smaller
flow concentration
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Upper Red Rock, Site 20, OKUpper Red Rock, Site 20, OK ––
Causes of FailureCauses of Failure

�� Lack of bonding of lifts inLack of bonding of lifts in
embankmentembankment –– discingdiscing not requirednot required

�� Embankment highly compactedEmbankment highly compacted ––
imprints of sheepsfoot obvious inimprints of sheepsfoot obvious in
exposed liftsexposed lifts

�� Highly dispersive claysHighly dispersive clays
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Upper Red Rock, Site 20, OKUpper Red Rock, Site 20, OK ––
Causes of FailureCauses of Failure

�� Embankment highly compactedEmbankment highly compacted ––
imprints of sheepsfoot obvious inimprints of sheepsfoot obvious in
exposed liftsexposed lifts
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Common Factors in FailuresCommon Factors in Failures

�� Ten of 11 OK dams failed on first filling,Ten of 11 OK dams failed on first filling,
usually shortly after construction during ausually shortly after construction during a
large rainfall event that filled reservoirlarge rainfall event that filled reservoir
rapidlyrapidly

�� Failures begin with an initial leak thatFailures begin with an initial leak that
gradually eroded a tunnel. If the tunnelgradually eroded a tunnel. If the tunnel
became large enough, the roof collapsedbecame large enough, the roof collapsed
forming a breachforming a breach
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Conditions Common inConditions Common in
Problems/FailuresProblems/Failures

�� Excavations made to install conduitsExcavations made to install conduits
(transverse to the embankment) with(transverse to the embankment) with
too steep side slopestoo steep side slopes

�� Variable foundation materials andVariable foundation materials and
thicknesses of materials alongthicknesses of materials along
alignment of embankmentalignment of embankment
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Conditions Common inConditions Common in
Problems/FailuresProblems/Failures

�� Difficulty in compacting underDifficulty in compacting under
haunches of circular conduits.haunches of circular conduits.

�� Interruptions in fill placement and lackInterruptions in fill placement and lack
of bonding of liftsof bonding of lifts

��Dispersive claysDispersive clays ––almost universalalmost universal
factorfactor
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Conditions Common inConditions Common in
Problems/FailuresProblems/Failures

�� Embankments constructed at overly highEmbankments constructed at overly high
density and low water contents (brittle fill)density and low water contents (brittle fill)

�� Absence of chimney filter or filterAbsence of chimney filter or filter
diaphragm in designdiaphragm in design –– no failures sinceno failures since
inception of filter diaphragms in midinception of filter diaphragms in mid
1980’s1980’s

�� Differential settlement associated withDifferential settlement associated with
conduitconduit
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Other observationsOther observations
�� Hundreds of dams built of similar soils andHundreds of dams built of similar soils and

the same quality of construction did notthe same quality of construction did not
failfail

�� Speed of filling and conditions conduciveSpeed of filling and conditions conducive
to hydraulic fracturing are thought to haveto hydraulic fracturing are thought to have
been less severe at the nonbeen less severe at the non--failed dams.failed dams.

�� Differential settlement is thought to be aDifferential settlement is thought to be a
prime contributor to hydraulic fracturingprime contributor to hydraulic fracturing
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USACE Wister DamUSACE Wister Dam

�� Constructed in 1949Constructed in 1949
�� Concentrated muddy leaks and sinkholesConcentrated muddy leaks and sinkholes

occurred on first fillingoccurred on first filling
�� Failure narrowly averted by drawing downFailure narrowly averted by drawing down

reservoirreservoir
�� Reported byReported by CasagrandeCasagrande in 1950 Bostonin 1950 Boston

Society of Civil Engineers articleSociety of Civil Engineers article
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Wister DamWister Dam

�� ExtensiveExtensive
remediationremediation
in earlyin early
1990’s1990’s
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Closure Section at Wister Dam,
Oklahoma
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Closure Section at Wister Dam,
Oklahoma



30Natural Resources Conservation Service

Closure Section at Wister Dam,
Oklahoma
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SCS and Dr. JamesSCS and Dr. James SherardSherard
Dr. Sherard cooperated with
then SCS in extensive research
into the basic nature of
dispersive clays and in filter
research.

His studies expanded to include
sites such as the USACE Wister
dam in Eastern Oklahoma and
many others.
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ReferencesReferences

�� June, 1972,June, 1972, –– ASCE SpecialtyASCE Specialty
Conference, Performance of Earth andConference, Performance of Earth and
EarthEarth--Supported Structures, Purdue, INSupported Structures, Purdue, IN
““Piping in Earth Dams of DispersivePiping in Earth Dams of Dispersive
ClayClay”,”, SherardSherard, Decker and, Decker and RykerRyker
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ReferencesReferences

�� June, 1972,June, 1972, –– ASCE SpecialtyASCE Specialty
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““Hydraulic Fracturing in Low Dams ofHydraulic Fracturing in Low Dams of
Dispersive ClayDispersive Clay”,”, SherardSherard, Decker and, Decker and
RykerRyker
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ReferencesReferences

�� April, 1976April, 1976 –– ASCE GeotechnicalASCE Geotechnical
Journal,Journal, “Identification and Nature of“Identification and Nature of
Dispersive Soils”Dispersive Soils” –– SherardSherard,, DunniganDunnigan
and Deckerand Decker
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ReferencesReferences

�� September, 1979September, 1979 –– ASCEASCE
Geotechnical Journal,Geotechnical Journal, “Dispersive Soil“Dispersive Soil
Problem at LosProblem at Los EsterosEsteros Dam”Dam” ––
Decker (retired SCS) and McDanielDecker (retired SCS) and McDaniel



36Natural Resources Conservation Service

ReferencesReferences

�� ASTM Special Technical PublicationASTM Special Technical Publication
623623 “Dispersive Clays, Related Piping“Dispersive Clays, Related Piping
and Erosion in Geotechnical Projects”and Erosion in Geotechnical Projects”

�� May, 1977May, 1977
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ReferencesReferences

�� Waterways Experiment StationWaterways Experiment Station
Technical Report GLTechnical Report GL--7979--1414
“Dispersive Clay at Granada Dam ….”“Dispersive Clay at Granada Dam ….”
–– Ed Perry (retired WES)Ed Perry (retired WES)
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Dispersive ClaysDispersive Clays

�� DefinitionDefinition
��FineFine--grained CL, CH, MH, MLgrained CL, CH, MH, ML
��Dispersive fines in Sands/GravelsDispersive fines in Sands/Gravels
�� Sodium predominates poreSodium predominates pore--waterwater

chemistrychemistry
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Dispersive ClaysDispersive Clays

��Origin of Dispersive ClaysOrigin of Dispersive Clays
��Marine Shale FormationsMarine Shale Formations
��LoessLoess
��Soils derived from metamorphicSoils derived from metamorphic

rocks, igneous rocks, androcks, igneous rocks, and limestoneslimestones
are rarely dispersiveare rarely dispersive
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Dispersive ClaysDispersive Clays

�� Sampling for DispersionSampling for Dispersion
��Random, Discrete Samples AdvisableRandom, Discrete Samples Advisable
��Moist Samples !Moist Samples !
��Numerous samples required forNumerous samples required for

statistical inferencesstatistical inferences
��Don’t composite!!Don’t composite!!
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Tests for Dispersive ClaysTests for Dispersive Clays

�� Normal tests do not identify dispersiveNormal tests do not identify dispersive
claysclays –– they have the samethey have the same AtterbergAtterberg
limit and other characteristics aslimit and other characteristics as
normal clays.normal clays.

�� Dispersive character results fromDispersive character results from
chemical imbalancechemical imbalance
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Dispersive ClaysDispersive Clays

��RecognitionRecognition
��OutcropsOutcrops -- ExtremeExtreme rillingrilling/jugging/jugging
��Sometimes mottled but color notSometimes mottled but color not

helpfulhelpful
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Outcrops of Dispersive ClayOutcrops of Dispersive Clay
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Outcrops of Dispersive ClayOutcrops of Dispersive Clay
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Outcrops of Dispersive ClayOutcrops of Dispersive Clay
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Dispersive ClaysDispersive Clays

�� Field TestsField Tests
��Crumb TestCrumb Test
�Portable Pinhole
�Field Turbidity Ratio
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Dispersive ClaysDispersive Clays

�� Laboratory TestsLaboratory Tests
��CrumbCrumb
��Double HydrometerDouble Hydrometer
��PinholePinhole
��Chemical Test on Pore Water ExtractChemical Test on Pore Water Extract
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Dispersive ClaysDispersive Clays

�� Crumb TestCrumb Test –– ASTM Method 6572ASTM Method 6572
�� 11 -- No reactionNo reaction
�� 22 -- Cloud immediately around clodCloud immediately around clod
�� 33 -- Cloud is appreciable distance from clodCloud is appreciable distance from clod

but does not cover bottom or meet onbut does not cover bottom or meet on
opposite sideopposite side

�� 44 -- Cloud spreads around bottom and mayCloud spreads around bottom and may
cover bottomcover bottom
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Dispersive ClaysDispersive Clays

�� Crumb TestCrumb Test
�� 3 and 4 reactions very positive indicator3 and 4 reactions very positive indicator

of dispersive soilof dispersive soil
��Unfortunately, 1 and 2 reactions notUnfortunately, 1 and 2 reactions not

always positive for lack of dispersivealways positive for lack of dispersive
naturenature
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Crumb Test 1Crumb Test 1

Water in glass
remains clear -
Ignore any
slaking of clod
- examine only
for turbidity
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Crumb Test 2Crumb Test 2

A hint of a
cloud occurs
very near the
clod - it does
not spread
significantly
away from the
clod however
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Crumb Test 3Crumb Test 3

A colloidal cloud
spreads a
considerable
distance from the
clod - it does not
spread completely
to meet at the
opposite side of the
glass
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Crumb Test 4Crumb Test 4

A colloidal cloud
spreads so that the
cloud meets at
the opposite side
of the glass
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Crumb Test 4 alternativeCrumb Test 4 alternative

A colloidal
cloud may be
so extensive
that the whole
bottom of the
glass is
covered-
obviously also
a 4 reaction
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Double Hydrometer TestDouble Hydrometer Test

�� ASTM StandardASTM Standard
D4221D4221
��Compares 0.005Compares 0.005

mm size ofmm size of
natural soil tonatural soil to
that of chemicallythat of chemically
dispersed sampledispersed sample
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��% Dispersion is ratio of 5 micron size% Dispersion is ratio of 5 micron size
natural to 5 micron size chemicallynatural to 5 micron size chemically
dispersive, expressed as percentagedispersive, expressed as percentage
��

�� < 30 % Not Dispersive< 30 % Not Dispersive
�� 3030--60 % Transition60 % Transition
�� > 60 % Dispersive> 60 % Dispersive

100
5
5 x

dispersedchemically
preparednaturallyDispersion
__%
__%

%
µ
µ=

Double HydrometerDouble Hydrometer
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Pinhole TestPinhole Test -- ASTM D4647ASTM D4647
�� Direct measure ofDirect measure of erosivityerosivity
�� Dispersive soils fail rapidly under flow at 2Dispersive soils fail rapidly under flow at 2

inches of headinches of head
�� NonNon--dispersive soils show little erosiondispersive soils show little erosion

under flow at 40 inches of headunder flow at 40 inches of head
�� Ratings are DRatings are D--1, D1, D--2, ND2, ND--4, ND4, ND--3, ND3, ND--

2, and ND2, and ND--1 most dispersive to non1 most dispersive to non--
dispersive)dispersive)
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Pinhole Test ApparatusPinhole Test Apparatus
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Pinhole SamplesPinhole Samples

Minor
erosionSignificant

erosion
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Dispersive ClaysDispersive Clays

�� Chemical Test on Pore Water ExtractChemical Test on Pore Water Extract
��Dispersive soils have > 60 % of totalDispersive soils have > 60 % of total

salts being sodiumsalts being sodium
��NonNon--dispersive soils have < 40 % ofdispersive soils have < 40 % of

total salts being sodiumtotal salts being sodium
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Chemical Test For Dispersion



62Natural Resources Conservation Service

�� Design Measures to CombatDesign Measures to Combat
Dispersive ClaysDispersive Clays
�� Selective Placement/AvoidanceSelective Placement/Avoidance
��Chemical AmendmentsChemical Amendments

��hydrated limehydrated lime
��fly ashfly ash
��alumalum
��gypsumgypsum
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Surface TreatmentSurface Treatment

Surface 18” or an
equipment width
chemically amended
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Design Measures to CombatDesign Measures to Combat
Dispersive ClaysDispersive Clays

��Chimney Filters or FilterChimney Filters or Filter
Diaphragms around Pipes andDiaphragms around Pipes and
areas of hydraulic fracturingareas of hydraulic fracturing

��Avoid Differential SettlementAvoid Differential Settlement
��Provide for Flexible FillProvide for Flexible Fill -- compactcompact

wet of optimumwet of optimum
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Chimney Filters or FilterChimney Filters or Filter
Diaphragms around PipesDiaphragms around Pipes
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ChimneyChimney
Filters andFilters and
FilterFilter
DiaphragmsDiaphragms
around Pipesaround Pipes
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Chemical AdmixturesChemical Admixtures

�� Lime, Fly Ash,Lime, Fly Ash,
AlumAlum
TreatmentTreatment

�� Spread 2%Spread 2%
hydrated orhydrated or
quick limequick lime

�� IncorporateIncorporate
withwith rotomixerrotomixer

�� Cure and placeCure and place
on damon dam


