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US Regulation

* 10 CFR 100.23 Geologic and seismic
siting criteria, Section d (4) states
that

“Siting factors for other design
conditions that must be evaluated
include ... natural and artificial slope
stability...”
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Regulatory Guide

Regulatory Guide 1.206

2.5.5, Stability of Slopes

The applicant should present information
concerning the static and dynamic stability of all
natural and manmade earth or rock slopes
(such as cuts, fills, embankments, and dams) for
which failure, under any of the conditions to
which they could be exposed during the life of
the plant, could adversely affect the safety of

the nuclear power plant facilities.
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Protecting People avid the Enirirosment

ope Stability Assessment

* Factors to be considered:
—Types of slope failure
—Models
—Input for slope stability analysis
—Design criteria
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Types of Slope Failure

Global slope failure:
Entire slope section fails, landslide,
etc.

Local slope failure:
portion of the slope fails
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obal Slope Failure Example
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* Infinite slope without seepage
* Infinite slope with seepage

* Finite slope with planar failure
surface

* Circular failure in homogeneous clays
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Infinite Slope Analysis

The failure is translational along a
single plane failure surface parallel to
slope surface. This type of analysis is

typically applicable for surface raveling
in granular materials .
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inite Slope Analysis

A finite slope analysis can be for a
failure surface that is plane, circular, or
non-circular. In a plane failure, the
translational block slides along a single
plane of weakness (or a geological
interface).
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Basic Conce pt

TYPICAL SLICE

Franklin & Chang 1977
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Commonly Used Models

* Moment equilibrium method
* Force equilibrium method

e Combination of force and moment
equilibrium method

* Finite Element Model
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Input
for Slope Stability Analysis

—Site conditions

—Geometry of the slope

—Geological features and material of the
slope

—Shear strength of soils

—Pore water pressure distribution
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put for Slope Stability
Analysis (continued)

* Loadings
—Dynamic loads, including seismic
loading, Tsunami wave, etc.
—Static loads (any surcharges)
—Hydraulic pressure

—Others
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Design Criteria
* Factor of Safety (FS)

FS = Capacity/Demand

— Capacity is resisting shear strength and
Demand is driving force acting on the
potential slip surface

—FS is not a measure of stability at a point,
and it represents averaging effect

—FS cannot be measured in the field

—FS is model-dependent
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Design Criteria (continued)

* Probability of failure, reliability of slope
stability

—Can capture uncertainties involved in
slope stability analysis

—Provide more confidence on the
analysis results
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odel Limitations

* Large uncertainties involved
—Actual slope failure surface is irregular
—Slope failure mechanism is not simple

—Stress state changes along the slope
slip surface

—Finite element method has limitations
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ddel Limitations (continued)

—Seismic loading is just a prediction

—Great variation in soil property
determination

—Many parameters/factors are time
dependent, and nonlinear
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del Limitations (continued)

* Design criteria need to be improved

—Factor of safety is an engineering
measure and not unique for the same
slope when using different
models/methods

—Probabilistic method currently is not
accepted in real design, needs to be
improved
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’rocedure to Assess Slope
Stability for a New Reactor Site

* Screen slopes to be analyzed

* Determine slope and soil properties
* Determine loading conditions

* Choose analysis model

* Choose design criteria
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Bereening for Slopes to be
Analyzed

* Survey the site and examine planned
construction activities to identify all
slopes, existing or new, permanent
or temporary slopes

* Determine the slope(s) whose
stability would directly or indirectly
affect safety-related SSC
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Stermine Slope and Soil

Properties
* Site survey to determine the

topography of the slopes

* Site investigations to determine
physical properties of the underlying
material and ground water, seepage
conditions

* Field and laboratory tests to
determine engineering properties of
the soil
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PErmine Loading Conditions

* Control earthquake needs to be
properly identified

* Determine the PGA to be used in
analysis based on performance-
based site-specific earthquake
ground motion response spectra.

* Determine any surcharges
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oose Analysis Model

* Traditional methods are normally
used in slope stability analysis

* Commercially available computer
software, such as GeoSlope and
SLIDE, is normally used

e Carefully and conservatively choose
Input parameters
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oose Design Criteria

* Factor of Safety is commonly used as
design criteria

»FS > 1.5 for long-term static slope
stability

»FS > 1.1 long-term seismic slope
stability
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Other Factors
in Slope Stability Assessment

* Earthquake induced settlement
—Tokimatsu, K. and Seed, H.B. (1987)
—Lee, C. Y. (2004)

 Reliability of FS

The First Kashiwazaki International Symposium

11/26/2010 November 24-26, Kashiwazaki, Japan

31



Protecting People avid the Enirirosment

16

15 /
=M //
<12 /

X e

/
1 ‘
2 30 3 36
0 (degree)

39

sitivity of FS to Input
Parameter Variation

1.8

—_
D
|

AN

—_
=N

Factor of Safety
>

—_

AN

o
oo
!

o
D

\\.\\

0.1

o

0.2

0.3
ay (9)

0.4

0.5

0.6

Effect of changing internal friction

angle on factor of safety

Effect of changing Horizontal
Seismic Load on factor of safety

The First Kashiwazaki International Symposium

11/26/2010

November 24-26, Kashiwazaki, Japan

32




Protecting People avid the Enyirenment

Reliability of FS

Coefficient of variation Mean of St:.;\m.iard Re.hablhty Probability
. factor of | deviation of index
of ground motion safet factor of of FS<1.0
acceleration (%) y (%)
safety
10 1.131 0.068 1.924 0.05
20 1.141 0.112 1.263 6.15
30 1.147 0.154 0.954 17.30
40 1.154 0.189 0.815 21.30
50 1.152 0.235 0.647 28 65
100 1.115 0.317 0.363 43.50
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ummary and Conclusions

* Slope stability assessment is one of
the important elements in new
reactor siting evaluation

* Current practice can provide good
estimate of the slope stability if
conservative approach is used

* Model and design criteria for slope
stability assessment need to be
improved

The First Kashiwazaki International Symposium

11/26/2010 November 24-26, Kashiwazaki, Japan

34



#, USNRC

Protecting People avid the Enviresnment

11/26/2010

ank you
WA ES

The First Kashiwazaki International Symposium
November 24-26, Kashiwazaki, Japan

35




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


