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D FOREWORD

The Department of Energy (DOE) has issued an Order (DOE-5480.28) which establishes policy and

requirements for Natural Phenomena (NPH) mitigation for DOE sites and facilities. To implement the

NPH mitigation requirements, several standards have been developed for compliance with DOE

Order 5480.28. This standard provides general and detailed requirements for site characterization

which provides the necessary site-specific information to implement DOE-STD-1023-94

(draft),"Natural Phenomena Hazards Assessment Criteria." The DOE-STD-1023-94 (draft)

establishes adequate design basis load levels and in turn provides necessary information to

implement DOE-STD-1020-94 for NPH design and evaluation criteria for DOE facilities.

The requirements given in this standard should be used in conjunction with other DOE Orders and

Standards as listed in Section 2 (Applicable Documents) of this Standard and with other pertinent

National consensus codes and standards such as UBC (Uniform Building Code), ASCE-4 (Seismic

Analysis of Safety-related Nuclear Structures), NBC (National Building Code), FEMA 222 (NEHRP

Recommended Provisions for the Development of Seismic Regulations for New Buildings), etc. In

addition, this standard should also be used in conjunction with Nuclear Regulatory Commission

(NRC) Regulatory Guides (e.g., R. G. 4.7; DG 1015; DG 4003) and Standard Review Plan (e.g., SRP

D 2.5.2).

This DOE Standard is approved for use by all departments and contractors of the Department of

Energy.

The preparation of this document utilizes a Preparing Activity to prepare the document and a Review

Activity to provide formal review and comment. The Preparing Activity was conducted by the Fission

Energy and Systems Safety Program (FESSP) of Lawrence Livermore National Laboratory (LLNL)

under the direction of the DOE NPH subcommittee and NPH Standard Managers from the offices of

EH-64, EH-33 and DP..621.

The Review Activity consists of an initial review by DOE Standards Coordinators and a final review by

the review group suggested by the Standard Managers. The standard was circulated to DOE

Standards Coordinators of all DOE Headquarters and Field Offices for review and comment. The

comments received were resolved and incorporated in the standard.
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1. INTRODUCTION

D 1.1 OVERVIEW OF DOE-NPH ORDER AND STANDARDS

a. The Departmentof Energy(DOE) has establishedpolicyand requirementsfor naturalphenomena

hazard (NPH) mitigationfor DOE sitesand facilitiesusinga gradedapproachas specifiedbyDOE Order

5480.28, "NaturalPhenomenaHazards Mitigation".To implementthe NPH mitigationrequirements,

fivestandardshavebeen orare beingdevelopedfor compliancewithDOE Order 5480.28. Five DOE

Standardsprovidespecificacceptancecriteriaforvariousaspectsof NPH to meet the requirementof

DOE Order 5480.28. These requirementsshouldbe used in conjunctionwithother pertinent

documentssuch as DOE Orders (DOE 6430.1A, 5480.23, 5480.30, 5481..13etc.,), consensus

national standards, model building codes, and industry accepted codes and specifications. Figure 1

shows a conceptual NPH design framework which identifies how the DOE NPH standards are used to

assess NPH design requirements.

b. The studies of site characteristics should be performed and existing data for site characteristics related

to NPH should be evaluated in accordance with this standard, DOE-STD-1022-94. The site

characterization provides the necessary site-specific information to implement DOE-STD-1023-94,

"Natural Phenomena Hazards AssessmentCriteria"which provides criteria for hazard assessment to

D ensure that adequate design basis load levels are established. The DOE-STD-1023-94 in turn
provides necessary information to implement DOE-STD-1020-94 for NPH design and evaluation

criteda for DOEfacilities.

c. DOE Order 5480.28 also established performance categories and target probabilistic performance

goals for each category. Performance categories and performance goals range from those for

conventional buildings to those facilities with hazardous materials or operations. NPH performance

categories are specified in DOE-STD-1021-93 using overall facility hazard classification. The guidance

for the preparations of facility hazard classification and accident analyses techniques is established in

DOE-STD-1027-92.

d. The NPH requirements have been developed to provide the necessary information that assessthe

NPH safety basis for DOE facilities, which is documented in Safety Analysis Reports (SAR). The overall

approach for NPH mitigation is consistent with the graded approach embodied in the SAR. The

selection of structure, systems and components (SSCs) which require NPH design is based on the

potential hazard from the facility quantified as necessary through accident analysis. Once the SSC's

have been assessed, DOE Order 5480.28 specifies the NPH requirements to ensure that the SSC's

D are adequately designed to resist NPH.
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Figure 1. Natural Phenomena Design Input Conceptual Framework

1.2 PURPOSE

a. The purpose of this standard, DOE-STD-1022-94, is to provide criteria for site characterization to

provide site-specific information needed for implementing DOE 5480.28 requirements. Additionally,

the purpose of this standard is also to develop a sitewide database related to NPH that should be

obtained to support individual safety analysis reports (SARs). Appropriate approaches are outlined to

ensure that the current state-of-the-art methodology is being used in the site characterization.

1.3 SCOPE

a. The criteria and recommendations in this standard shall apply to site characterization for the purpose of

mitigating Natural Phenomena Hazards in all DOE facilities covered by DOE Order 5480.28. Criteria for

site characterization not related to NPH are generally not included in this document unless they are Jl

ideemed necessary for clarification. General and detailed site characterization requirements are

provided in the areas of meteorology, hydrology, geology, seismology and geotechnical studies.
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2. APPLICABLE DOCUMENTS

a DOE Order 6430.1A, "GeneralDesignCriteria",of 4-6-89, whichcontainsthe criteriafor designand

constructionof DOE facilities.

b. OOE Order 5480.1B, "Environment,Safety and Health Program for DOE Operations",of 9-23-86,

whichestablishesthe Environment,Safety, and Health (ES &H) Programfor DOE Operations.

c. DOE Order 5480.23, "NuclearSafety AnalysisReports",of 4/10/92, whichspecifies requirementsfor

safety analysisinvolvingDOE nuclearfacilitiesand forsubmittal,review,andapprovalof contractor

plansandprograms

•_. OOE Order 5480.28, "NaturalPhenomenaHazards Mitigation,"of 1-15-93, whichestablishespolicy

and requirementsfor naturalphenomenahazard(NPH) mitigationfor DOE sitesand facilitiesusinga

graded approach.

D e. DOE Order 5480.30, "Nuclear ReactorSafety", of 1-19-93, whichspecifiesrequirementsfor DOEnuclearreactorsafety.

f. DOE Order 5481.1B, "SafetyAnalysisand Review System",of 9-23-86, which establishesuniform

requirementsforthe preparationand reviewof safety analysesof DOE operations.

g. DOE Order 5700.6c, "QualityAssurance",of 8-21-91, whichestablishesqualityassurance

requirements.

h. DOE-STD-1020-94, "NaturalPhenomenaHazardsDesignand EvaluationCriteriafor Departmentof

EnergyFacilities', March, 1994.

i. DOE-STD-1021-93, "NaturalPhenomenaHazardsPerformanceCategorizationCriteria for Structures,

Systems, and Components",July 1993.

j. DOE-STD-1023-94, "NaturalPhenomenaHazardsAssessmentCriteria', Draft, 1994.

D k. DOE-STD-1024-92, "Guidelinesfor Use of ProbabilisticSeismicHazard Curvesat DOE Sites",December, 1992.
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A

I. DOE-STD-1027-92, "Hazard Categorizationand AccidentAnalysisTechniquesfor Compliancewith
'11

DOE Order 5480.23, NuclearSafety AnalysisReports"December, 1992.

m. DOE-STD-3009-93,=PreparationGuidefor U.S. DOE Non-reactorNuclearFacilitySafety Analysis

Reports', DraftMarch, 1994.
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D 3. DEFINITIONS

Annual Flood The maximuminstantaneouspeak dischargein each year of record.

Basin/Watershed The totalarea fromwhichsurfacerunoffis carded away bya drainagesystem.

Facility One or more building(s)or structure(s),includingsystemsand components,dedicatedto

common function(includesoperatingand non-operatingfacilitiesand facilitiesslated for decontamination

and decommissioning).

Graded Approach An approachwhere the design,evaluation,and constructionprocessfor SSCs

requireemphasiscommensuratewiththeirmission,costand potentialconsequencesof failure.

Accordingly,performancecategorieswithspecifiedperformancegoals rangingfrom lowto extremelylow

probabilityof NPH failureare specifiedin DOE-STD-1020-94.

Hurricane intensity Hurricane-typestormsare eventsassociatedwith maximumsustained1- minute

windspeeds inexcessof 75 mph. The U.S. NationalWeatherService usesthe Saffir/Simpsonscaleto

D rate the intensityand the damage potential of hurricanes. Thisscale is dividedinto5 numbers,1 through
5. Largerscale numbersrepresenthighwinclspeedsat whichconsiderabledamage occurs.

Liquefaction The suddenloss of shear strength_nd rigidityof saturated, cohesionlesssoils,due to

steadystategroundwaterflowor vibratorygroundmotion. Theterm seismicliquefaction(or cyclic

mobility)is used inthisStandardfor liquefactionphenomenaassociatedwithseismicmotions.

Magnitude A measureof the size of an earthquake. It is relatedto the energyreleased inthe formof

seismicwaves. Magnitudemeansthe numericalvalue on a standardizedscalesuchas, but notlimitedto,

MomentMagnitude,SurfaceWave Magnitude,BodyWave Magnitude,or RichterMagnitudescale.

Model Building Codes Buildingcodes containingdesignand constructionrequirementsthat apply to

normalcommercialbuildings(e.g., 1991 UniformBuildingCode[UBC] of the InternationalConferenceof

BuildingOfficials[ICBO]; NationalBuildignCode [NBC]of the BuildingOfficialsand Code Administrators

International[BOCA]).

Natural Phenomena Hazard (NPH) An act of nature (for example, earthquake, wind, hurricane,

tornado,flood,precipitation,volcaniceruption,lightningstrike,or extreme coldor heat)whichposesa

threatordanger to workers,the public,or to theenvironmentby potentialdamageto structures,systems,

and components.

5
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One- (Five-) Hundred-Year Flood A flood level which will be equaled or exceeded with a 1.0 (0.2) 1
II

percent chance inany given year.

Performance Category (PC) A classification using a graded approach in which structures, systems,

orcomponentsina categoryare designedto assuresimilarlevelsof protection(i.e., meet the same

performancegoal)duringnaturalphenomenahazardevents. Fiveperformancecategoriesrangingfrom0

to 4 in orderof increasinglevel of protectionhavebeen defined in DOE-STD-1021-93, (e.g., PC-1 for

buildingstructureswithpotentialhumanoccupancy;PC-4 for highhazard facilitiessuch as nuclearpower

plants).

Performance Goal The mean annual probabilityof exceedance of acceptable behavior limitsused as a

target to developnaturalphenomenahazardmitigationrequirements.Numericalvaluesfor performance

goals for each performancecategoryare providedin Table 1 of DOE Order 5480.28.

Probable Maximum Flood The flood that may be expectedfrom the most severe combinationof

criticalmeteorologicaland hydrologicconditionsthat are reasonablypossiblein the drainagebasinunder

study.

(
Probable Maximum Precipitation The greatest amount of precipitationfor a given duration

meteorologicallypossiblefora givensizestormarea ata particularlocationat a particulartimeof year,with

no allowancemade forlong-termclimatictrends.

Probabilistic Method A techniquewhich usesdistributionsof parameters (includinguncertaintyand

randomness)to performan analysis. Resultsare expressedintermsof probabilisticdistributionswhich

quantifyuncertainty.

Response Spectrum A curve calculated from an earthquake accelerogramthat gives the value of peak

responseinterms of acceleration,velocity,ordisplacementof a damped linearoscillator(witha given

dampingratio)as a functionof itsperiod(orfrequency)of vibration. Fordesignpurposes,a set of

response spectraare usuallygenerated for differentdampingratios.

River Mile Number of miles to the mouthof a riveralong the courseof the river.
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_) Seismic Sources Portionsof the earth that have a potential for abrupt releases of energy in the earth'slithosphere,or to cause earthquakes. Seismicsourcesmay includea regionof diffuseseismicity

!seismotectonicprovince)and/ora well-definedtectonicstructurewhichcan generatebothearthquakes

and grounddeformation.

Seismogenic crust Is a portionof the earth'scrustcapable of generatingearthquakes.

Site The area comprisingor within a DOE jurisdictionalunit withone or more DOE facilities that can be

represented by the same natural phenomena hazards.

Stage Elevation above some arbitraryzero datum of the water surface at a gauging station.

Structures, Systems, and Components (SSCs)

11) Structureis an element,or a collectionof elementsto provide_supportor enclosuresuchas a

building,free standingtank, basins,dikes,or stacks.

(2) Systemis a collectionof componentsassembled to performa functionsuchas piping,cable

trays,conduits,or HVAC (Heating,Ventilationand AirConditioning).

D (3) Componentis an item of equipment such as a pump, valve, or relay, or an element of a largerarray such as a length of pipe, elbow, or reducer.

Subsidence The settlementor sinking of surficialgeological materials on a regional or local scale.

Surface Deformation Distortionof soilsor rocksat or near the groundsurface bythe processesof

foldingand faultingas a resultof variousearth forces.Tectonicsurfacedeformationisassociatedwith

earthquake processes.

Surface Faulting Differentialground displacementat or near the surface caused directly by fault

movementand is distinctfrom nontectonictypesof grounddisruptions,suchas landslides,fissures,and
craters.

Tornado Intensity Tornado intensityis generallyrepresented bythe Fujita scale. This scale, now

routinelyusedby the NationalWeather Serviceis generallyreferredto as the F-scale. The F-scale isa

simple methodfor determiningthe wind speed of each tornadobased on the damage observed. The

scale is divided into13 numbersalthoughno F-6 or greatertornadoeshave been observed.

D
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Wind Speed A scalar quantity used with respect to averaging time, ground terrain, and height above .41

ground. Wind speedcan be described in terms of peak wind, mean wind, or fastestmile wind. Unless g
mentioned otherwise, fastest-mile wind speed quantity measure is used in model building codes and

national consensus standards. Each of these terms has a unique meaning:

Peak wind speed is the maximum instantaneous value of the wind speed recorded. Peak wind

speed generallyoccursin a 1 to 3 secondgust.

Mean wind speed is the value of the wind speed averaged over some time period, usually1 or

10 minutes.

Fastest-mile wind speed is defined as the highest sustainedaverage wind speed based on

the time requiredfora mile longsampleof air to passa fixed point.
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D 4. GENERAL REQUIREMENTS

a. The meteorologic,hydrologic,geologic,seismologicaland geotechnicalcharacteristicsof a siteand its

environsshallbe investigatedinsufficientscope and detailto providereasonableassurancethatthey

are sufficientlywell understoodto permitan adequate evaluationof the proposedor existingsite,and

to providesufficientinformationto supportthe evaluationsrequiredby otherDOE standards(e.g.

DOE-STD-1023 and DOE-STD-1020, etc.,) for implementationof NPH mitigationrequirements

specifiedin DOE 5480.28. Site informationis necessaryfor identifyingand evaluatingpotential

externalaccidentinitiatorsand for identifyingand analyzingaccidentconsequencesexternalto the

facility(DOE-STD-3009-93). The sizeof the regionto be investigatedand the type of data pertinentto

the investigationsshallbe determinedby the nature of the regionsurroundingthe proposedor

existingsite,and shall beconsistentwiththe performancecategoryof the facilities. The site

characterizationinformationshouldbe reviewedat the same timethe hazardcurvesare being reviewed

per DOE-STD-1023-94 whichis aboutevery 10 years.

b. For sitescontaining facilitieswith SSCs in only Performance Category 1 or 2, at a minimum,sufficient

site information shall be collected so that the NPH assessment (DOE-STD-1023-94) and the design

and evaluation of the facilities (DOE-STD-1020-94) can be conducted by following the procedures

provided in model building codes or national consensus standards (e.g., hazard zone maps, site

coefficients, etc.,).

c. For sitescontaining facilities withSSCs in Performance Category3 or 4, moreextensive site

characterization shall be carried out to obtain the site information for the site-specific natural

phenomena hazard assessment, and design and evaluation of DOE facilities in accordance with DOE-

STD-1023-94 and DOE-STD-1020-94, respectively.

d. The sitecharacterizationshall be carriedout by a reviewof the pertinent literatureand field

investigationsand shall followthe detailedrequirementsgiveninSection5 for variousNPHs. Site

experts(invarious NPH) withthe knowledgeandexperienceof fulfillingthe requirementsstated inthe

federal regulationsand standardsfor DOE site characterizationshouldbeconsultedfor definingthe

programof investigations.Dataand otherinformationobtainedfrom priorinvestigationsshallbe used,

supplementedby additionalinvestigationsat the specificlocationas deemed necessaryby the design

professionaland geoscientists.
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e. A quality assurance(QA) program and peer reviewgroup for data used insite characterizationare ,ll
Irequired. The quality assurance program should be developed in accordance with the DOE Quality

Assurance Plan (DOE Order 5700.6c). The peer review is to be performed by independent qualified

personnel with extensive knowledge and experience in various aspects of NPH site characterization.

The quality assurance program and peer review should be conducted within the framework of a graded

approach with increasing level of rigor employed from Performance Category 1 to 4. For sites

containing facilities with SSCs in Performance Category 1 or 2, a program conforming to model building

codes requirements will be sufficient. For sites containing facilities with SSCs in Performance Category

3 or 4, a program approaching that or similar to that required for a nuclear power plant is necessary. The

peer review group in theses categories would help establish the site characterization program at the

outset, help resolve site-specific problems as they arise, and help DOE to approve the results. The

review group would be involved from the beginning and by the time the assessment is complete,

would have first-hand familiarity with problems/solutions developed during the effort.

f. DOE Order 5480.28 indicates that the requirements provided in that Order shall be used in conjunction

with the General Design Criteria in DOEOrder 6430.1A and other Departmental Design Criteria as

applicable. DOE 6430.1A contains siting information which is pertinent to the provisions of this

standard, i_

g. 10 CFR Part 100Appendices A and B describe the nature of specific investigations to determine site

suitability concerning seismic and geologic factors for commercial nuclear power plants. U.S. NRC

Regulatory Guide DG-1015 (USNRC, 1992a), U.S. NRC Regulatory Guide DG-4003 (USNRC, 1992b),

and revised Standard Review Plan 2.5.2 (USNRC, 1992c) provide general guidelines for identification

and characterization of seismic sources and defining ground motion for commercial nuclear power

stations. These criteria may be used for the site characterization for facilities containing SSCs in

Performance Category 3 or 4.

h. DOE sites are encouraged to develop a sidewide NPH database that can be referenced by facility

specific SARs. Such an approach would minimize the amount of written material that would be required
in individual SARs.

10
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D 5. DETAILED REQUIREMENTS

a. Cdteda are presentedinthisparagraphformeteorological,hydrological,geological,seismological,and

geotechnicalstudiesto characterizethe site andto providethe necessarysite-specificinformation.

The requiredinformationis necessaryto completethe hazard assessmentsdescribedin DOE-STD-

1023-94 and in tum to provideinputfordesignandevaluationrequirementsdescribedin DOE-STD-

1020-94. The scopeand degree of detail of investigationsto addressthese naturalphenomena

hazardsdepend on severalfactors, whichinclude:the performancecategoriesof the SSCs makingup

thefacilities;the hazardclassificationof thefacilities;the subsurfaceconditionsat the site;the

meteorologic,hydrologic,and seismotectonicenvironmentof the site region;and the extent of prior

knowledge,investigations,and data regardingthe siteand site region. Althoughmore detailed

investigationsare generallyappropriateforfacilitieshavinghigherperformance categories,it shouldbe

kept in mindthat investigationsof lesserscopeand detailmay beappropriatewhen the existing

knowledgeof the site and regionis extensiveand up-to-date. Similady,althoughless detailed

investigationswouldgenerallybe commensuratewithlowerperformancecategories,more

comprehensiveinvestigationsmay be neededif a criticalsitehazard existsand/or if investigationsto

definethe hazardshave not previouslybeen conducted. The detailedrequirementsinthissectionare

D applicable for obtainingthe site informationwhich is needed for implementationof DOE NPH
requirements.

b. The criterianeeded to provide site-specificinformatior to perform wind, flood, seismic,and other

geological hazard analyses are provided in Sections 5.1 to 5.5 (see also DOE-STD-3009-93). The

meteorological.related hazards include wind hazards due to storms and tornadoes, and flood hazards

due to intense precipitation and snow. Characterization of the information needed to assessthese

hazards is addressed in Section 5.2. The hydrologic hazards include flooding either from surface water

or ground water. Section 5.3 provides criteria to collect site-specific information needed to quantify

these hazards. Criteria for seismic hazard characterization, volcanic hazards, and non-tectonic surface

deformation are provided in Section 5.4. Section 5.5 provides specific requirements to conduct

geotechnical studies relevant to the hazards being studied.

11
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J

5.1 SITE DESCRIPTION I

a. The descnptionof the siteand boundaries shall, at a minimum, includethe following:

1. The geographical locationof the site for which there shall be no ambiguity for estimating the

distancefromthe siteto the sourcesof potentialhazards,and forthe use of hazardzone maps,

suchas thoseprovidedin the modelbuildingcodes.

2. A general location map to clearly define the boundary of the site and to show the relative distance

from the site to natural and man-made features, and to sources of potential hazards, such as rivers,

lakes, oceans, volcanoes, faults, dams, levees, etc.

3. Oetailed mapping of topographic, hydrologic, surface, and subsurface geologic features, as

appropriate for the particular site conditions, with scales and contours suitable for NPH assessment.

The topographic map shall also show the character of surface drainage patterns and the topographic

elevation of the site relative to near-by hydrologic features, such as rivers, streams, or lakes and local

surface drainage channels, ponds, springsand sinksat the site. (_

5.2 METEOROLOGY

a. The sources of meteorological hazards includewinds (straight, hurricane, and tomado winds),

precipitations and temperature changes. Meteorological data to be collected includes : (1) wind

speeds and direction, (2) precipitation and rainfall records, and (3) air temperature. The extent of

meteorological data needed to be collected is dependent upon the performance categories of facility
SSCs.

b. For sitescontainingfacilitieswith SSCs in PerformanceCategory I or 2, it issufficientto utilize results

of previousprobabilisticwindhazard studies,if available,orto utilizeinformationprovidedinmodel

buildingcodesor nationalconsensusstandardsuchas ANSI/ASCE 7-88 (ASCE, 1988). For sites

containingfacilitieswithSSCs inPerformanceCategory3 or4, and forwhichno up-to-datesite-specific

probabilistic windhazard studieshave been performed inaccordancewith specificationsinDOE-STD-

1023.94, site-specificcharacterizationcriteriaare providedinthe followingparagraphs.

1
12
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5.2.1 Regional Climatology Description and History

a. The generalclimate of the regionshallbe describedwith respectto thetypesof topographic

influences,generalairflowpatterns, temperatureand humidity, I_recipitation,and relationships

between regionalatmosphericconditionsand localmeteorologicalconditions.

b. Regional extremeclimatology historyshall be reportedwithdates, event descriptions,and related

informationon theireffects.

5.2.2 Wind Data Collection

a. A distinctionis made between three types ofwind; straightwinds,hurricane,and tornadowinds. Site

specificcharacterizationneedsto be performedfor each type of windstorm.

5.2.2.1 Straight Winds

a. Straight winds are non-rotatingwindssuch as those found in thunderstorms. This type of wind data

shallbe collectedfor locationsnearthe site. On-sitedata shallbe collected,if available,and if theymeet the followingcriteria:

• There shall be at least 10 continuousyears of annual extremewindspeed recordswithelevations at

whichthey were obtained.

• The type of wind speed recordedovertime shallbe specified(e.g., fastestmile,peak, etc.,).

• The recordedwindspeeds shallbe obtainedfromanemometers locatedin flat, open terrain.

• The elevationsat whichwindspeeds are recordedshallbe 10m (33 feet) above ground.

b. If the lasttwoconditionsare not met, the recordedwindspeedsshallbe correctedusingacceptedwind

boundarylayer conversionmethods. It is possibleto utilizedata from on-sitestationsforwhichless

than 10 years of recordsexist if there are a sufficientnumberof historicalrecordsfrom nearbystations,

withinthe same topographicenvironment.

c. In absence or lack of sufficienton-sitewind recorddata, it is possibleto utilizedata collected by federal

agenciesfor stationscloseto the site(generallywithin50 kin) and locatedina same windenvironment

(stationscloseto but separatedby mountainousrangesfromthe site do notqualify). Suchdata have

D been collected at 129 weather stations (Simiu et al., 1979) withinthe continental U.S. and at coastallocations (Changery, 1985). In addition, wind speed records for more than 400 stations can be

retrieved from the National Climatic Center.

13
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5.2.2.2 Hurricane Winds I

a. Hurricanewindsare rotatingwindswhichcan top 240 km/hr (150 mph). Hurricane-proneregions of the

continentalU.S are locatedalongthe coastalareas. There are veryfew windspeed recordsfrom

hurncaneat coastal locations(Changery, 1985). Therefore,for sites in hurricane-proneareas and for

which no up-to-date site-specificprobabilistichurricane wind hazard analysishas been performed in

accordance with DOE-STD-1023-94, the meteorological data of past historical hurricanes within 400 km

(250 miles) from the site shall be collected, which include:

• Track locations (longitude and latitude) with landfall locations,

• Intensity,

• Reportedminimalcentralpressurenearthecoastoratlandfallpoints,

• Reportedmaximum windspeedsnearthecoastoratlandfallpoint,and

• Reportedforwardvelocityanddirectionnearthecoastoratlandfallpoint

b. Systematic sourcesof data on hurricanesare availablefrom the National Hurricane Center of Miamiand

the NationalSevere StormCenterand the MeteorologicalSociety of America.
AI

5.2.2.3 Tornado Winds i

a. Tornado windsare violently rotating windswhichcan reach speeds in excessof 320 km/hr (200 mph).

Midwestemstates,especiallyOklahomaand itsneighboringstateshave the greatestnumberof

historicallyrecordedtornadoes.

b. For sitescontainingfacilitieswith SSCs inonly PerformanceCategory I or 2, tornado data need not be

considered. For sitescontaining facilities with SSCs in Performance Category 3 or 4, and for which no

up-to-date site-specificprobabilistic tornado wind hazard analysis has been performed in accordance

with DOE-STD-1023-94, the following data shall be collected for tornadoes striking within 500 km (310

miles) from the site:

• Tornado track (latitude and longitude),

• Intensity, and

• Length and width.

c. Systematic sources of data on tornadoes are available from the National Severe Storms Forecast _1
ICenter and the National Oceanographic and Atmospheric Administration.
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;

5.2.3 Precipitation and Snowfall Data

a. For sitescontainingfacilitieswith SSCs in only PerformanceCategory 1 or 2, it is sufficientto utilize

model building codes or national consensus standards, or rainfall intensity frequency-duration curves

from hydrometeorological reports from the National Weather Service.

b. For sitescontainingfacilitieswith SSCs in PerformanceCategory3 or 4, and for which no up-to-date

site-specificprobabilisticfloodhazard analysishas been performedinaccordancewithDOE-STD-

1023-94, the followingdata shallbe collected:

• Monthly and annualsummaries(includingaveragesand extremes)of precipitationat or near the site.

• Monthlyandannualsummaries(includingaveragesandextremes)of snowfalland watercontentsat or

near the site.

5.3 HYDROLOGY

a. The sourcesof hydrologichazard includestreamflooding,flood runoff,flood drainage,dam failure,

D levee or dike failure, stormsurge,tsunami,seiche,wave action,volcano-inducedhydrologiceffects(e.g., rapidsnowpack melting,mudflowsto causedam failureandexcessivesiltation/sedimentation),

and groundwaterriseor decline. Collectionof the characteristicdata of these sourceswhichcould

impactthe site shallbe performed. The impactof thesehydrologichazardsshallbe definedwith

respectto theirproximityof the siteand itselevation.

b. The extent of the data to characterizepotentialsourcesof floodingis dependentupon the

performancecategoriesof the structures.ForsitescontainingfacilitieswithSSCs in Performance

Category 1 or 2, it is sufficientto utilizeresultsof previoussite-specificprobabilisticflood hazardstudies

(e.g., McCannand Boissonnade,1988a, 1988b, and 1991), if available,or to utilizeinformation

providedinthe flood insurancestudiesby Federal EmergencyManagementAgency(FEMA) andany

otherreliablehydrologyresourceas listed inParagraph5.3.1.f.

c. For sitescontainingfacilitieswith SSCs in PerformanceCategory3 or4, and forwhich no site-specific

probabilisticfloodhazard studieshavebeen performedinaccordancewithspecificationsinDOE-STD-

1023-94, site-specificcharacterizationcriteriaare providedinthe followingparagraphs.
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5.3.1 Hydrological Data Collection (I

a. The location,size,shape,and otherhydrologiccharacteristicsof streams,lakes,shoreregions,and

groundwater environmentinfluencingthe siteshallbe described. In addition,there shallbe a

quantitativedescriptionof existingandplannedwatercontrolstructuresthat may influencethe

hydrologicconditionsat the site.

b. The hydrologicevents which are potential sourcesof flooding for the site should be determined. The

hydrologicevents consideredshall include:

HydroloqicEvents .... Soum_

• River Flooding Precipitation,snow melt,debrisjams, ice jams, rapid sedimentation
(volcano)

• Dam Failure Earthquake,flood,volcano,landslide,staticfailure

• Levee or Dike Failure Earthquake,flood,staticfailure,upstreamdam failure,
landslide,volcano

• Flood Runoff/Drainage Precipitation,ponding, drainage capacity

• Tsunami Earthquake
I• Seiche Earthquake,wind

• StormSurge Hurricane

• Wave Wind, Tsunami

• GroundWater Precipitation,ponding,flooding,droughtand over pumping

• Mudflows Volcano,earthquake

• Subsidence-inducedFlooding Fluidextraction(e.g., Gulf Coast, SacramentoValley,etc.,)

c. The necessaryhydrologiceventdata shallbecollectedto determine the floodsourcesand usedto

evaluatepotentialflood hazardsat the site.

d. This data collectionprocessis iterative. Initialdata requirementsfocuson the need to identifypotential

sourcesof hydrologichazardsto the site. Foreach floodhazarda summaryof hazardcharacteristics

shallbe provided. Onlythe worstcase floodhazardshouldbe summarizedin detail. The summaryshall

includethe proximityof the potentialsourceof floodhazard to the site and includeapplicablereasons

why certainsourcesare unlikelyor presentnegligibleconsequencesforthe site.

1
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e. For hydrologiceventsthat can pose a hazard, additional data shall be required to perform hazard

D assessment. Data sourcesshouldinclude,but not be limited to:

• Walkdownofsite and vicinity

• Topographicmaps (site-specificand regional)

• Aerialphotographs

• Hydrologicdata (i.e.,streamgage data)

• Historicalflood eventsreports

• Federal EmergencyManagementAgency'sflood insurancestudies

• Dam breakstudies

f. Tile sourcesof availabledata includepastsite-specifichydrologicalstudiesby DOE and DOE-

sponsoredcontractors,studies performedby other governmentagencies (e.g., U.S. ArmyCorps of

Engineers,U.S. Bureauof Reclamation,U.S. GeologicalSurvey,Flood InsuranceAdministration,

Departmentof Water Resources,AgriculturalDepartment,NationalWeather Service, etc.,),

universities,and privateorganizations.

D g. Sections 5.3.2 to 5.3.11 provide criteria needed to define site specificinformationfor each hydrologic
event.

5.3.2 Flood History

a. Localand regionalfloodhistorywithpotentialcausesof floodingunderextreme conditionsshallbe

reportedwithdate, level,peak discharge,andrelatedinformation.A flood is defined as an abnormally

highwaterstage oroverflowfroma stream,floodway,lake,or coastalarea. This includesriverfloods,

surges,seiche, tsunami,dam failures,iceor debrisjams, and floodsinducedby landslidesorsimilar

events. Safety-relatedstructuresshouldnot be builton a floodplainunlessthis is absolutely

necessary.

5.3.3 River Flooding

a. Each r,ver inthe regionalarea of the site that could impactthe siteshall be identifiedandcharacterized

withrespectto its locationand elevationrelativeto the site.
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b. The boundariesof the region to be investigated for riverfloodinghazard depends primarily whether the AI

Iriverscouldcause floods largeenoughunderextremeconditionsto contributeto floodingat the site.

Regionalinvestigationsshallbe conductedfor riversrelativelyclose tothe site (in general,riverswith

floodplainboundariesless thana few kilometersfromthe site).

c. For nverswhich couldbe potential sourcesof site flooding, the potential for flooding shall be

characterizedbycollectingthe followinginformation:

• Locationand elevationof the riversat the locationclosest to the site,

• Histoncalrecordsof streamflow data (maximumyeartypeakdischargeand stageelevation)with

recordinglocation,

• Probablemaximumflood level,that may be expectedfroma combinationof the mostcritical

meteorologicaland hydrologicconditions,

• Characterizationof the geometricand hydraulicpropertiesof the channelclosestto the site. The

geometricpropertiesof the channel include Manning'sroughnesscoefficientand top-widthelevation

tablesfor crosssections,and streambed slope.

• For siteswithpooror inadequatehistoricaldata, resultsof paleofloodanalysesshouldbe providedfor

sitescontainingfacilitieswithSSCs inPerformanceCategory4 if there is a potentialof floodat the site. dl

I• Presenceof bridgesor naturalriver flowconstrictionswhichcouldcausefloodingdue to iceor debris

jams.

d. For nversfor whichnopeak dischargerecordsare available, the followinginformationshall be gathered:

• Characteristicsof the watershed ba.cinsof the river,

• Propertiesof the drainagebasins includingtopographicmaps of the basinand landcovermaps.

5.3.4 Dam, Levee, or Dike Failure

a. Historicexperiencesand analyticalstudiesindicatethat floodsassociatedwith a dam breakcan

significantlyexceed floodlevels that occurdue to naturalevents. Alldamsupstreamon riversinthe

regionalarea ofthe site shallbe identifiedand theircharacteristicssummarized. Thesecharacteristics

include:dam name,owner of dam, type of dam (e.g., earth fill, concrete,etc.,), year of completion,river

nameand location(e.g., rivermile),totalheight,capacity,and closestdistancefromthe riverto the site.
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b. For dams that could posea threat to the siteshould they fail, a detailed collectionof data shall be

conducted. Failuresof dams that could hazard to the site include dams close
pose a hydrologic

enoughtothe sitewithrelativelylargestoragecapacityor distantdams withlargestoragecapacity. The

collectionof data includescollectingexistingdam breakstudiesor data necessaryto performdam

break analyses.

c. For dams forwhich dam break studieshave been conductedas partofdam safety emergency

managementplanningevaluations,resultsof these studiesshallbe collected,includingdate of study,

dam failurescenario(e.g., flood,earthquake,staticfailuredue to intemalerosion),peakdischargeand

elevationat closestpointfrom site.

cl. Fordams for whichnodam break studiesare availableor for whichdam break studiesare unavailablefor

all thepotentialhazards(seismic,flood, landslide,upstreamdam failure), data shallbe collectedto

conduct such studies.

e. The datatobe collectedincludedatanecessarytoperforma riverfloodinghazardanalysisoftheriver

reachupstreamofthedam and/orupstreamdams,seismichazardanalysis,potentiallandslidehazard

analysisoftheembankmentorthedam itself,anddam breakanalysis.Thesedatainclude:

)
• Resultsof seismichazardanalysis(Section5.4),

• Datanecessaryto performupstreamriverfloodinghazardanalysis(Section5.3.3),

• Dataon dam and dam characteristics,suchas that described inSection5.5, necessaryto evaluateits

resistanceto the seismicloads andovertopping.These data includethe materialpropertiesof the dam

and abutment,characteristicsof gates andother mechanicalequipmentwhichcouldaffectthe dam

performance,

• Reservoirdepth, lengthand storageelevationtables,

• Manning'sroughnesscoefficient,andtop-widthelevationtables for downstreamcrosssections,

• For overtoppingevents the depth of overtoppingat whichfailure occurs,

• In the case of hydrologicevents, an inflowhydrograph,and

• Outflowcharacteristicsfor emergencyspillway,outlets,and turbines.

5.3.5 Storm Surge

a. For sites locatedwithin regionsthat experiencehurricanesor strongstormsquallsand whichare

locatedcloseto largebodiesofwater, data on surgesassociatedwithsuchstormsshallbecollected

from availablefloodhazardanalyses.
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b. For caseswhere no suchdata are available,data necessaryto performjointprobabilityhurricane _11

11frequencyhazardanalysis(e.g., Ho et al., 1987) shallbe collectedalongwithdata on bathymetdc

characteristicsof the coastline(depthtables),tide levels,and localtopographicdata betweenthe site

and largebodiesof water.

c. The data necessaryto perform joint probability hurricanefrequency hazard analysisare specified in

Section 5.2.2.2.

5.3.6 Tsunami

a. Tsunamisare oceanwaves generatedby verticalsea-floordisplacementsassociatedwith large offshore

earthquakes. Suchearthquakesmay be thoseoccurringcloseto a siteor at greatdi,_tancesfroma site.

Forsiteslocatednearan ocean, seismicdata shallbe collectedto assess the potentialforoff-shore

earthquakeswhichcouldcreate tsunami. Datacollectedshall includehistoricalrecordsof tsunami

occurrenceinthe site region. Shouldpotentialfor tsunamiexist, localtopographicdata between the

siteand the ocean shall be collecteda;'_devaluated. Paleo data shouldbe collectedfor sites

containingfacilitieswithSSCs in PerformanceCategory4 incase of no historicalrecordsof tsunami

availableat the site. (I

5.3.7 Selche

a. Seichesare undulationsofthe surface of a bodyof water suchas a bay, lake, or reservoir,set up by

interactionof thewater bodywithseismicforces,winds,and atmosphericpressure. For siteslocated

near largebodiesof water,seismicand meteorologicdata shallbe collectedto assessthe potentialof

creatingseicheeffects. Shouldthispotentialexist, localtopographicdata betweenthe siteand large

bodiesof water shallbe collectedandevaluated.

5.3.8 Wave Action

a. Forsiteslocatednear bodiesof water and in regionsexposedto extremewinds,winddata shall be

evaluatedto assessthe wave action. Shouldthishazardexist,waterdepths,fetchcharacteristics,and

localtopographicdata between the site andlargebodiesofwater shallbecollectedand evaluated.
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5.3.9 Landslide and Volcano Created Natural Hydrological Consequences

)
a. Land slidinginto a rivercan dam the riverand posea floodinghazard upstreamwithin the impoundment

area or downstreaminthe event ofovertoppingof the dam. Tectonicupliftcan havea similardamming

effect. Volcaniceruptiondebriscan create naturaldamsin narrowvalleysand potentialfloodhazards.

Volcaniceruptionmay alsobe causesof mudflows,rapidsedimentationin river,and rapidsnowmelt,

thus,to create potentialfloodhazards. Stabilityof slopeswhose failuresmaycause thishazardshallbe

investigated.For regionswithpotentialvolcanicactivity,topographicdata shallbecollectedto indicate

the likelylocationsof valleydammingwhichcouldimpactthesite.

5.3.10 Flood Runoff/Drainage

a. Intenseprecipitationor snowmelt may createlocal pondingoroverlandfloodingwhen the soil

infiltrationcapacityis exceeded. In addition,drainagecapacitymay be exceeded creatingadditional

flooding.

b. ]'hedata to be collected are the local topographiccharacteristicsof drainageareas including

depressions,terrainslope,natureof soilvegetationor Manning'scoefficients,and soilinfiltration
indices.

c. Data characteristicson precipitationand snowfallare providedin Section5.2.3.

5.3.11 Ground Water Hydrology

a. Intenseprecipitationor snowmelt and infiltrationcancause groundwaterto riseandeventuallyto flood

sites. For siteswithshallowgroundwatertables,data on regionaland localaquifersshallbe collected,

includingformationsand sourcesof the aquifers,localwell logrecords,and drainagecapacity.

b. Over pumping,reduced rechargeand droughtscan cause significantdeclines ingroundwater levels.

This can lead to land subsidenceandwell failure. Forsitesthat use groundwater for production,

cooling,or humanconsumption,or may be subjectto landsubsidence,recordshallbe kept of ground

water leveltrendson a quarterly(minimum)basis. The water-leveldata shouldbe adequateto

documentany long-termsafety or environmentaleffectsof groundwater withdrawal.

)
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5.4 GEOLOGY AND SEISMOLOGY a
'qi

a. The seismic-relatedhazards includesite earthquakegroundshaking,tectonicsite deformation(fault

ruptufeand associatedtectonicsurface deformation),groundfailure inducedbygroundshaking

_ncludingliquefaction,differentialcompactionand land sliding,and earthquake-inducedflooding.

Othergeologicalhazard_to be addressedincludenon-tectonicsite deformationand volcanichazards.

b. The extent of the investigationto characterizethe seismic-relatedhazards is dependent uponthe

performancecategoriesof the structures,the geologicaland seismologicenvironmentof the site

region,and the localsoilconditionsat the site. Geologists,seismologists,geophysicists,and

geotechnicalengineerswiththe knowledgeand experienceof fulfillingthe requirementsstated inthe

Federal Regulationsand Standards(e.g., 10 CFR 100 AppendixA, NRC DG-1015, DOE 6430.1A,

DOE 5480.28, etc.,) forsite characterizationfor DOE facilitiesshouldbe consultedfor definingthe

programof the investigation.Site expertswhoare knowledgeableof geological,seismological,and

geotechnicalaspectof site characterizationsshouldalso be consulted.

c. Forsitescontainingfacilitieswith SSCs only in PerformanceCategory 1 or 2, it issufficientto utilize

resultsof previoussite-specificprobabilisticseismichazard studies,if available,orto utilizeinformation a
Iprovidedinthe model buildingcodes or nationalconsensusstandards(e.g., seismiczone maps). For

sitescontainingfacilitieswith SSCs in PerformanceCategory3 or 4, and forwhichno site-specific

probabilisticseismichazard studieshavebeen performedin accordancewithDOE-STD-1023-94, site.

specificcharacterizationcriteriaare providedinthe followingparagraphs.

5.4.1 Seismic Sources

a. Seismicsourcesdefine areas wherefuture earthquakesare likelyto occur. All Seismicsourcesin the

site regionthatcouldcause significantgroundshakingat the site shallbe identifiedand characterized.

Seismicsourcesmay includeseismogenicsourcesand capabletectonicsources. A seismogenic

sourceis a portionof the earth whichis consideredto have uniformseismicity.A seismogenicsource

may be a well-definedtectonicstructureor simplya largeregionof diffuseseismicity.A seismogenic

sourcewouldnot cause surface displacement.A capabletectonicsourceisa tectonicstructurewhich

can generatebothearthquakesand grounddeformation. Geological,geophysicaland seismological

investigationsprovidethe informationneededto identifyand characterizesourceparameters,

includingthe location,size, and geometryof the seismicsources,maximumearthquake, and

frequency of occurrenceof earthquakes of various magnitudes(earthquake recurrence). _1

I
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b. The potential for fault ruptureand associatedtectonicsurfacedeformationat the site (e.g., tilting or

D folding)shallalso be evaluated. The amountand style of deformationand the likelihoodof futu_'e
displacementshallalsobe characterizedforany Quaternary(approximatelylast2 millionyears)faultsin

closeproximityto the site(withinabout8 km or 5 miles).

5.4.1.1 Seismic source identification data

a. Allseismicsourcesthat couldcontributesignificantly(morethan 5 percentto the totalhazard)to a

probabiUsticground motionassessment,as describedin DOE-STD-1023-94, shallbe identifiedand

characterizedwithrespectto their locationand geometryrelativeto the site. The followingitemsshall

be consideredincollectingdata for seismicsourceidentification:

1. Area of investigations. The boundariesof the regionto be investigatedfor seismichazardsdepend !

primarilyon whetherdistantseismicsourcescouldcause earthquakeslargeenoughto govem or

contributesignificantlyto the groundmotionat the siteand the performancecategoryof facility

SSCs withinthe site. The sizes of the regionsto be investigatedshouldbe largeenoughto

adequatelycharacterizethe hazards that can affectthe site. The choiceof an area andjustification

of that choiceis the responsibilityof the investigator.The resultsof a scopinghazardstudymaybe

utilizedto aid in determiningthe area of investigationof the site. If sucha studyclearlyshowsthat
the near sitefeaturesdominatethe hazard, moreextensivesiteinvestigationsshouldbe made in

the nearfield. U.S. NRC NUREG-1451 (McConnellet al., 1992) providesan iterativeapproachfor

identificationof the regionsto be investigatedto identifyfaultdisplacementhazards andseismic

hazardsat a geologicrepositoryinthe WesternUnitedStates(WUS) basedon a reviewof the

pertinentliterature,relevantfield inw_.stigations,and considerationof alternativetectonicmodels.

For investigationsof sitescontainingfacilitieswithSSCs inPerformanceCategory4 suchas nuclear

reactorsafety, U.S. NRC RegulatoryGuide DG-1015 (USNRC, 1992a) providesguidance for

identificationof the regionsto be investigated:

• Regionalinvestigationsusingliteraturereviewsand geologicalreconnaissanceshouldgenerallybe

conductedfor a radiusof 320 km (200 miles)fromthe site,unlessclearlyjustified.

• Geological,seismological,and geophysicalinvestigationsshouldbe carried outfor a radiusof40 km

(25 miles)fromthe siteto identifyand characterizethe seismicandsurface deformationpotentialof

seismicsources,or to demonstratethatsuch structuresare not present.

• Detailedgeological,geophysical,seismological,and geotechnical(GGSG) investigationsshouldbe

conductedfor a radiusof 8 km (5 miles)fromthe siteto determinethe potentialfor surfacetectonic

D and non-tectonicdeformations in the sitevicinity.
• The area of detailedGGSG investigationsmay be largerthana 5-mileradiusinregionsof late
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Quaternaryearthmovementsor historicalseismicactivities,or where a site is located near a fault Jl
zone, or complexgeology.

2. Type of investigations.There are severalacceptable types of investigationsto identifyseismic

sources. Differenttechniquesare requireddependingon the geologicsettingand tectonic

environment. In mostcases, more thanone approachmustbe used and the reliabilityof the results

depends on the experienceand competenceof the investigatorsfor synthesizingand interpreting

varioustypes of geological,seismological,and geophysicaldata. Typesof investigationsinclude:

• Analysisof aenal photographs and other remote sensingimagery

• Geologic,includingstratigraphicand structural,reconnaissanceand mapping

• Geomorphicanalysis(e.g., fault scarpmorphology,terraceprofiling,geodeticland surveys)

• Analysisof localand regionalgeophysicaldata (e.g., seismicreflection,seismicrefraction,

aeromagetics,gravity, etc.,)

• Subsurfaceinvestigationsof suspectedfault traces (e.g., trenching,geophysicalinvestigations,

borings)

• Age datingtechniques includingradiometric(e.g., carbon 14, thermoluminescence),chemical

(e.g., pedogenic soils), biological (dendrochronology),and evolutionary (palynology)

q• Listing of all historically reported earthquakes (including instrumentally recorded data) that are

associatedwith seismic sources, any part of which is within a radius of 320 km (200 miles) of the site,

and seismicity analysis, including date of occurrence, earthquake sizes (intensity and/or

magnitude), epicantral locations, focal depths, and focal mechanisms

• Correlation of seismicity with geologic structure

• Interpretation of stress orientation from focal mechanisms, geologic indicators, field experiments

(e.g., hydrofracturing, borehole breakout investigations), and geodetic data

3. Sourcezones. In the stable continentalregionof the Eastern U. S. (EUS), away fromtectonicplate

margins,it generallyhas not been possibleto associateseismicitywithspecificgeologicstructures.

Historicor prehistoricEUS earthquakesassociatedwithspecificgeologicstructureshave been

identifiedinonlya few instances(e.g., Meers fault inOklahoma). Thus, inthe EUS, earthquake

sourcesare usuallydefined for groundmotionanalysesas sourcezones (areas or volumesof the

earth'scrust)havinguniformearthquake potential(uniformearthquake recurrenceand uniform

maximumearthquake magnitudethroughoutthe area). Typically,sourcezones are definedprimarily

on the basisof the spatialdistributionof observed seismicitycomplementedby informationon the

regionalgeologic structureand tectonics. Such source zones also exist in the Western U. S. (WUS) d
inareas of lowerseismicityand alluvialvalleyswhereactivefaultshave notbeen identified. I
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D 4. Active faults. As defined in NRC DG-1015, an active fault is part of capable tectonic source which isessentially characterized by the presence of surface or near surface deformation of geologic

deposits of a recurring nature within the last approximately 500,000 years or at least once in the last

approximately 50,000 years or/and an association with one or more large earthquakes or sustained

earthquake activity which are usually accompanied by significant surface deformation. All

Quartemaryfaults within about 25 to 50 km of a siteshouldbe assessedto determine if they are

significantcontributorsto the seismichazardof the site. Detailedsite characterizationis necessary

foractivefaultswithina radiusof 8 km (5 miles)of a site as inputto the probabilisticseismichazard

analysisand thevibratorygroundmotionestimation. Inthe WUS, the focusof seismicsource

identificationison identifyingactivefaultsor fault-relatedfeatures(suchas fault-relatedanticlinal

folds)that are observedat the groundsurface. Thisfocus is appropriatebecause largeearthquakes

ihistoricand prehistoric)typicallyhaveoccurredon mappedactivefaultsinthe WUS. It is also

appropriateto define seismicsourcezonesin theWUS to incorporatethat portionof the seismicity

(typicallysmall-to-moderate-magnitudeearthquakes)that does notappear to be associatedwith

identifieddiscretefaults. The geological,seismologicaland geophysicalinvestigationsto identify

the locationsand geometryof faultsthat maybe significantseismicsourcesshall,to the extent

practical,addressthe followingfactors:

D • Rate of Fault Movement. In evaluatingthe rate of fault movement,the followingfactorsmust be

considered:historicaland geologicevidence regardingthe displacementhistory(especiallythe

Quaternarydisplacements)of the fault, historicaland instrumentalseismicitydata, Structuralrelations

that maysuggestkinematiclinkagesto a knownactivefault, and the regionaltectonicsetting.

• Sense of Slip (styleof faulting). For cases inwhicha fault hasexperiencedslipinmorethan one

directionduringitshistory,emphasisshouldbe on assessingitsmostrecentslip sense. The

horizontalandverticalcomponentsof displacementandat leasta generalassessmentof the fault

dipare requiredto properlyclassifythesense of slipon a fault.

• FaultDip andDown dipWidth. To modelfault sourcesinthree-dimensions,an assessmentmustbe

made of the dipof the fault throughoutthe seismogeniccrust. The downdipwidthof a fault can be

assessedindirectlybased on the estimatedmaximumdepthof the seismogeniccrustand the dipof

the fault source. Exampleapproachesto determinetheangle of dipare: (1) Use geometryof

foreshocldaftershockearthquake foci to define fault plane orientation;(2) Seismicreflection

profiles,where available;and (3) Detailsof outcroppatternsalongrange-front.

• Buriedor BlindFaults. Blindpotentialseismicsourcescan be identifiedbya combinationof

subsurfaceinterpretations(e.g., balancedcrosssections,seismicreflection)coupledwithevidence

D for geologically-youngdeformation (e.g., foldingof Quaternary depositsand surfaces). As an
example, the locationand dimensionsof an interpretedblindthrustramp are importantto the

assessmentof the maximummagnitudethatthe ramp maybe capableof generating,andthe rateof
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slipwillbe importantto estimatingrecurrence.

I• FaultSegmentation. Faultzones usuallyconsistof individualfault segments. Faultsegmentation

providesa means for estimatingthe expectedlengthof fault ruptures. The locationsof fault

segmentsand the boundariesbetween segmentsshallbe evaluated.

5. Source-to-sitedistance. The factorsdescribedabove,which governthe locationand geometryof

seismicsources,providethe basisfor establishingthe distancebetween the site and the

earthquakesource. The measure ofthe source-to-sitedistanceused inthe seismichazardanalysis

(e.g., epicentraldistanceor closestdistanceto thefaultrupturesurface) may vary dependingupon

the procedureused to estimate earthquakeattenuationeffects.

5.4.1.2 Seismic source characterization

a. Fordeterministicgroundmotionanalysis,maximumearthquakemagnitudesmustbe assessedfor the

govemingseismicsources. For probabilisticgroundmotionanalysis,bothmaximumearthquake

magnitudesandearthquakerecurrenceshallbe assessedforall seismicsourcesthat contribute

significantlyto the probabilityof exceedinggroundmotionlevelsat the sitefor the performance

categoryof the facilities.The rangesof potentialseismicsourcesandthe uncertaintiesinseismicity
Iparametersshouldbe definedas required in DOE-STD-1023-94.

b. The characteristicsof a seismicsourcemay include:

• Sourcezone geometry (locationand extent, both surface and subsurface),

• Descriptionof Quatemary displacements(senseof slipon the fault, fault dimensions,age of

displacement,estimateddisplacementper event, estimatedmagnitudesper offset, rupturelengthand

area, anddisplacementhistoryoruplift ratesof seismogenicfolds),

• Historicaland instrumentalseismicityassociatedwitheach source,

• Paleoseismicity,

• Relationshipof the faultto otherpotentialseismicsourcesin the region,

• Maximumearthquakethe sourcewouldbe capableof producing,

• Recurrencemodel (frequencyof earthquakeoccurrenceversus magnitude).

c. Maximumearthquakesare usuallyassessedin two principalways:

1. Estimatethe maximumdimensionsof future rupturesand relate thosedimensionsto magnitude.
IThis approach,whichisgearedtowardcharacterizingthe dimensionsof faults, iscommonlyapplied

inthe WUS. The dimensionsof rupturesand/oramountof displacementthat mightbe expected on
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D a fault of interestare estimatedfrom geologicinvestigationsdesignedto assesswhat has occurredduringpast ruptures. As many of the rupturedimensionsas possibleshouldbe usedto lend

stabilityto the magnitudeestimates. Also,the uncertaintiesinthe valuesof the ruptureparameters

shouldbe incorporated(e.g., National ResearchCouncil,1988; Coppersmithand Youngs, 1986;

1990),

2. Considerthe size of historicalearthquakosassociated withthe sourceand withtectonically-

analogoussources. However,thisapproachshouldonlybe appliedafter it has been shownthat the

approachcommonlyusedinthe WUS as describedabove isnot applicable. Commonacceptable

approachesused inassessingmaximumearthquakesinthe Eastem UnitedStates (EUS) are: (1)

take thesourcezone'smaximumhistoricalearthquakeas the maximum;(2) take themaximum

historicalearthquakeand addan arbitrarymagnitude(or intensity)incrementto it;or (3) drawan

analogyto anothersourcezone anduse the maximumhistoricalearthquake associatedwiththat.

source. The maximumearthquakescan also beevaluatedbasedon the opinionsprovidedbya

panel of expertswithknowledgeof the siteregion (Bernreuteret al., 1989; Coppersmithand

Youngs, 1990).

D d. Probabilisticseismichazardanalysisalso requiresthe specificationof the recurrenceorfrequencyofoccurrenceof earthquakesof variousmagnitudes;each seismicsourcerequiresitsown recurrence

relationship.For largeareal sourcezones,historicalseismicitydata are usuallyusedto estimate

earthquakerecurrencerates. However,observedseismicityis usuallyinsufficientto characterize

adequatelythe recurrencecurve for a givensource throughoutthe rangeof magnitudesupto the

maximum. It is importantto correctthe earthquakecatalogforcompletenessof seismicitydata to be

usedfor probabilisticseismichazardanalysis. The followinggeologicaldata shallbe usedto estimate

the repeattimes for largeevents:

• Geologic recurrenceintervals. The geologicrecordcaptures the occurrenceof earthquakesby

recordingdirectstratigraphicdisplacementswithinthe fault zone; uplift,subsidence,or othertectonic

deformation;or secondaryeffects relatedto seismicshakingsuchas liquefactionand land sliding.

• Faultsliprate. Faultsliprates,derived fromthe amountofslipthat hasoccurredover a geologically-

definedinterval,can be usedto estimate averageearthquake recurrencerates. Slipratesare

determinedbyassessingthe amountof faultdisplacementof a geologicunithavinga knownage.

• Temporalclustering. Earthquakesoccurringon a seismicsourcemay be clusteredintime. The

potentialeffectsof temporalclusteringon estimatedrecurrencerate shouldbe considered.

D
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5.4.1.3 Surface-fault rupture and associated deformation a
I

a. A sitelocationthathasa potentialforsurface-faultruptureand associateddeformationfromactivefaults

shouldbe avoided.Where itisdeterminedthatsurfacedeformationneed notbe takenintoaccount,

sufficientdataordetailedstudiestoclearlyjustifythedeterminationshouldbe presented.

Requirementsforsetbackdistancefromactivefaultsforhazardouswastetreatment,storage,and

aisposalfacilitiescan be foundfromEnvironmentalProtectionAgency regulation(40CFR 264).

b. The presenceor absence of Quatemary faultingat the site needsto be evaluated to determine if there

is a potentialhazarddue to surfacefaulting. The potentialfor surfacefault ruptureshouldbe

characterizedbyevaluating:(1) the locationand geometryof faultsrelativeto thesite; (2) natureand

amountof displacement(senseof slip,cumulativeslip,slip per event,and nature andextent of related

foldingand/or secondary faulting);and (3) the likelihoodof displacementduringsome futureperiodof

concern(recurrenceinterval,sliprate, and elapsedtime sincethe mostrecentdisplacement).

c. For assessingthe potentialfor fault displacement,the detailsof the spatialpatternof the fault zone

!e.g., the complexityof fault traces, branches,and en echelonpatterns)may be importantas they may

definetheparticularlocationswherefaultdisplacementmay be expectedinthefuture.The amountof

Islipthatmightbe expectedtooccurcanbe evaluateddirectlybasedon paleoseismicinvestigationsor

itcanbe estimatedindirectlybasedon themagnitudeoftheearthquakethatthefaultcangenerate.

5.4.2 Vibratory Ground Motions

a. Afterseismicsourcesinthe regionof a site are defined,vibratorygroundmotionsat the sitecan be

estimatedusing criteriathat are specifiedinDOE-STD-1023-94. The vibratorygroundmotionsare

generallydefined by the horizontaland vertical responsespectracorrespondingto the expected

groundmotionat the free-field groundsurface. The estimate of vibratorygroundmotionsat the site

shouldbe basedon a detailedevaluationof the earthquakepotentialtaking intoaccountregionaland

localgeology,tectonics,seismicity,as wellas specificlocalsoilconditions.

b. Ingeneral, the factorsthat influencesitegroundmotionsincludethe characteristicsof the earthquake

source, the travelpath between the sourceand the site,and the localsiteconditions. Assessmentof

the influenceof localsoilconditionsis describedin Section5.5.2. The attenuationeffectof the

geologicalmaterialsinthe travelpath (e.g., Q factor)shall be estimatedby regionalseismologystudies

or based on the strong ground motion data, if a sufficient data base is available. The effect of local
Igeology and rock conditions on the ground motions shall also be considered. With respect to the first

two factors (i.e., earthquake source and travel path), it is suggested that one or both of these factors
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D can result insignificantdifferencesin earthquake ground motionsin three broadtectonic regimesinthe United States-- theCentraland EasternU.S. (EUS), Western U.S. (WUS), and areas in thevicinity

of subductionzones. Precisegeographiclimitsfor the regionsare not defined, butthe WUS and EUS

are generallywestand east, respectivelyof the RockyMountains,while subductionzoneearthquakes

in the UnitedStates occuronly alongcoastal northwestCalifornia,Oregon, Washington,and southern

Alaska. Basedon recentgroundmotionstudyby ElectricPowerResearchInstitute(EPRI, 1993), the

EUS area can be further subdividedintothe Mid-continentandthe Gulf Coastregions. Different

attenuationrelationshipswouldthusbe appropriateforeach region. Thus,care mustbe takenand

uncertaintiesmustbe recognizedin utilizingdata bases, relationships,and methodologiesapplicable

to each region.

c. In the WUS, particularlycoastal Califomia, relativelywell-constrainedattenuationrelationships(i.e.

relationshipsbetweenearthquake magnitude,source-to-sitedistance,and groundmotionamplitude,

e.g. Boore et al., 1993; Joynerand Boore, 1988; Campbell, 1985; Boore andJoyner, 1982) have

been developedfroma data base of abundantstronggroundmotionrecordingsfromshallowcrustal

earthquakes. Estimatesof sitegroundmotionsfor shallowcrustalearthquakesin the WUS can be

made usingthese attenuationrelationshipsor throughappropriatestatisticalanalysesof strongground

D motiondata sets. If groundmotionestimatesare requiredforparticularcombinationsof sourcegeometry,earthquakesize, and/orcrustalstructurethatare notrepresentedinthe empiricaldata,

theoretical/numericalgroundmotionmodelingtechniquescan be used to evaluatevarioussourceand

path effectsandextend the empiricalmodelsbeyondthe limitsof the recordeddata.

d. In the EUS, there are relativelyfew stronggroundmotionrecordings,particularlyfor larger magnitude

earthquakes. Empiricalgroundmotionattenuationrelationshipscan be developedby usingground

motionrecordingsfrom the EUS enhancedby recordingsfrom otherregionsof the worldsimilarto the

EUS. Attenuationrelationshipscan also be obtainedon the basis of theoretical/numericalground

motionmodels. Since there are limitedcalibrationand verificationfrom groundmotiondata forthese

models, the greateruncertaintyinvolve¢.,shallbe recognizedin usingthe attenuationrelationships.

Undercertain circumstances(for example, inthe near-sourceregionwheredifferencesintravelpath

effectsbetweenthe EUS andWUS may notbe significant),itmay be appropriateto utilizethe WUS

groundmotiondata base inmakinggroundmotionestimatesfor EUS sites. However,thisshouldbe

cloner, ..ognizingthe limitationsand uncertainties. EUS groundmotionestimatesmade on the basis

of WUS data may bedeficientin high frequencygroundmotions,andan appropriatecorrectionmust

be used to accountfor these high frequencydeficiencies. The WUS versusEUS correctionfactors

may be developedusingstochasticgroundmotionmodelsas well as usingavailableEUS andWUS

data for genericsitecategories. Comparisonof empiricalWestern NorthAmerica(WNA) amplification

factorsfor deep stiffsoilto computedfactorsfor EasternNorth American(ENA) can be foundin
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GuidelinesforDeterminingDesignBasisGroundMotion(EPRI, 1993). a
I

e. There are considerableground motiondata fromsubductionzone earthquakes,and attenuation

relationshipsspecificto subductionzone environmentshave been developed from thisdata base

(Crouse, 1991; Youngset al., 1988; Langstom,1981). The relationshipscan alsobe developedfroma

combinationofempiricaldata and data simulatedwiththeoretical/numericalmodels(Wong et al., 1993;

Heaton and Hartzell,1989; Ihnenand Hadley, 1986). In general, attenuationrelationshipsforground

motionsfrom subductionzone earthquakesare lessconstrainedbydata and moreuncertainthan for

sl_allowcrustalearthquakesinthe WUS. Becausethereis a greatdeal of scatterin thedata, the

variabilityshouldbequantifiedintheestimate of vibratorygroundmotionat the site.

5.4.3 Earthquake-Induced Flooding

a. Earthquake-inducedfloodingat a sitecan be causedbya varietyof phenomenaincludingseiches,

tsunamis,failuresof dams and levees, landslidingwithinor intobodiesof water,and tectonicupliftor

subsidence. Criteriaof site characterizationfor these hazardsare specifiedin Section5.3.

b. The investigationof a potentialearthquake-inducedfloodinghazardinvolvesassessingeitheror both

Iof (1) whetherthereis any exposureof a facilitytoa floodinghazard(e.g., whethera facilityis located

adjacentto a bodyof water, locateddownstreamof a dam, etc.,) and (2) whetherthere is a significant

likelihoodof the hazardoccurringto a degree sufficientto cause floodingof the facilitysite(e.g.,

whetherthere is significantriskof a tsunamiwave highenoughto cause flooding,significantriskof a

dam failure, etc.,). The assessmentof earthquake-inducedfloodinghazardsmay require involvement

of disciplinaryexpertiseotherthan geologyand seismology,suchas coastalengineeringinthe case of

tsunamiphenomenaand geotechnicaland structuralengineeringin the case of potentialfordam

failure.

5.4.4 Other Geologic Hazards

a. Othergeologichazardsthat shouldbe the subjectof appropriategeologicalinvestigationsinclude

volcanichazardsand non-tectonicsurfacedeformation.

5.4.4.1 Volcanic hazards

a. Recentvolcanicactivityis restrictedto limitedareas of theWestern UnitedStates. In mostplaces, Jl

Ivolcanismdoesnot posea significanthazard. In regionswhererecentvolcanicactivity(Ouarteman/)

has occurred,the likelihoodof renewed volcanicactivityand the associatedpotentialhazardsshallbe
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assessed. Potentialvolcanic hazardsmay include: lava flows,ballisticprojections,tephra (ash)falls,pyroclasticflowsand debrisavalanches, laharsand flooding,seismicactivity,grounddeformation,

tsunami,atmosphericeffects,and acidrainsand gases. Discussionson assessmentof volcanic

hazardsare givenbyHoblittet al. (1987), Tilling(1989), andLawrenceLivermoreNationalLaboratory

(1990). The DOE Standardfor volcanichazard assessmentisnot yet available. Forthosefew sites

need volcanichazardassessment,theirapproachused to assessvolcanichazardsshouldbe approved

byDOE.

5.4.4.2 Non-tectonic =urface deformati,on

a. Non-tectonicphenomenathat can result insurfacedeformationat a facilitysiteincludeglacially-induced

faulting,growthfaulting,collapsedueto undergroundvoidssuchas foundin Karstterrain,and

subsidencedue to extensive fluidwithdrawal.

b. Glacially-inducedfaults generallydo notrepresenta significantdisplacementhazardbecause the

conditionsthatcreated themare no longerpresent. If residualstressesfrom pleistoceneglaciationare

stillpresent, these featuresshouldbe investigatedwithrespectto their relationshipto currentin-situ

D stresses.

c. The existenceof cavitiesinsome geologicalmaterials(e.g. limestone,gypsum,anhyddte,etc.,) may

leadto groundcollapse. If collapsefeaturesare present,they shallbe consideredand investigated

withrespectto theirpotentialfor causingdeformationof the facilitysite and, if so, whetherengineered

stabilizationmeasuresare feasible.

d. Large, naturallyoccurringgrowthfaults,as found in the coastalplain of Texas and Louisiana,can posea

surfacedisplacementhazard eventhoughoffsetmostlikelyoccursat a slowerrate than thatof tectonic

faults. They shallbe identifiedand avoidedinsiting,andtheirdisplacementsshallalso be monitored.

Some growthfaultsand antitheticfaultsrelatedto growthfaultsare noteasily identified;therefore,

investigationsof thepotentialamountandcharacterof displacementshallbe undertakenin regions

where growthfaultsare knownto be present.

5.5 GEOTECHNICAL STUDIES

a. Geotechnicalstudiesmay includeinvestigationsfor: (1) definingsite soilpropertiesas may be required

for hazard evaluations,and engineeringanalysesand designs;(2) assessinglocal soilsiteeffectson

groundmotions;(3) carryingout soil-structureinteractionanalyses;and (4) assessingpotentialof soil
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failureor deformationinducedby groundshaking(liquefaction,differentialcompaction,land sliding, Jl
Ietc.).

b. The extent of investigationto determinethe geotechnicalcharacteristicsof a sitedependson the

performancecategories of the facilities,the subsurfaceconditions,andthe extent of available

information.General requirementsfor siteinvestigationsand foundationdesigncriteriacan be foundin

DOE Order6430.1A, "U.S. DOE General DesignCriteria'. ForfacilitieswithSSCs in Performance

Category4, the geotechnicalstudiesshall include,at a minimum,the investigationsspecifiedin

Sections5.5.1 through5.5.4. Reduced scopeof investigationis allowedfor sitescontainingfacilities

NithSSCs in PerformanceCategory3 or lower,_fthe additionaluncertaintiesresultingfromthe less

extensive investigationare acceptableandjustifiedbased on analysesby the projectteam. Byworking

withexpenenced geotechnicalengineersand geologists,an appropriatescopeof investigationscan

be developedfora particularfacility.

5.5.1 Site Investigations

a. Siteinvestigataonsshallbe conductedforfacilitiesifthesiteinformationisnotavailableorinsufficientfor

NPH assessmentand design/evaluationoftheparticularfacilities.Soil/rockprofiles(cross-sections)at
Ithelocationsofthefacilitiesshallbe providedbasedon theresultsofsiteinvestigations.The

quantificationofsitesoil/rockproperties,suchasclassifications,strengths,compressibilities,densities,

andwave velocities,isneededforengineeringdesign,and evaluationsofsoilamplification,soil-

structureinteraction,potentialforliquefaction,differentialcompaction,and landsliding.The properties

requiredareintimatelylinkedtothedesignsand evaluationstobe conducted.Forexample,for

analysesofsoilresponseeffectsorsoil-structureinteraction,assessmentofstraindependentsoil

dynamicmodulusand dampingcharacteristicsareneeded.An appropriatesiteinvestigationprogram

shallbe developedinconsultationwiththegeotechnicalengineeringrepresentativeoftheproject

team.

5.5.1.1 Subsurface exploration

a. Subsurfaceconditionsshall be determinedby meansof borings,soundings,well logs,exploratory

excavations,sampling, geophysicalmethods(e.g., crosshole,downhole,and geophysicallogging)

thatadequatelydisclosesoiland groundwater conditions. Appropriateinvestigationsshallbe made to

determinethe contributionof the subsurfacesoilsand rocksto the loads imposed on the structures

subjectedto NPH. ,d

II
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b. The extent of subsudace investigationsis dictatedbythe performancecategoryof the facilities,by

D foundation and the of the subsudaceconditions. For sites
the requirements, by complexity anticipated

containingfacilitieswithSSCs in PerformanceCategory 3 and 4, the QA requirementsshouldbe

extended to retrieving,transportation,handlingand testingof soilsamples. The locationsand

spacingsof borings,soundingsand exploratoryexcavatio,_sshallbe chosento adequatelydefine

subsurfaceconditions.Subsudace explorationsshallbe locatedto permit the constructionof

geologicalcross sectionsand soilprofilesthroughfoundationsof safety-relatedstructuresand other

importantlocationsat the site. Sufficientgeophysicalandgeotechnicaldata shouldbe obtainedto

allowfor reasonableassessmentsof representativesoilprofileandsoilparameters.

5.5.1.2 LIboritory tests

a. A laboratorytestingprogramshallbecarriedoutto identifyand classifythe subsurfacesoilsand rocks

andto determinetheirphysicaland engineeringproperties. Forevaluationand designof DOE facilities

withSSCs in PerformanceCategory3 or4, laboratorytestsfor bothstaticanddynamicproperties(e.g.,

shearmodulus,damping,liquefactionresistance,etc.,) are generallyrequired. The dynamicproperty

testsmay includecyclictriaxialtests,cyclicsimplesheartests,cyclictorsionalsheartests,and resonant

columntests. Bothstaticand dynamictestsshallbeconductedas recommendedin AmericanSociety

D for Testingand Materials(ASTM) standardsortest proceduresacceptableto the DOE. The ASTM
specificationnumbersforstaticand dynamiclaboratorytestscan be foundin the annualbooksof

ASTM Standards,Volume 04.08. Examplesof soildynamicpropertyand strengthtestsare shownin

Table 1. Sufficientlaboratorytestdata shouldbe obtainedto allowfor reasonableassessmentsof

medianvaluesof soilpropertiesandtheirpotentialvariability.

Table 1. ExamoleI of Soil Dvnamlo property end Stren=th Tests

D 3999-91 StandardTest Method for the Determination
of the Modulusand DampingPropertiesof
SoilsUsingthe CyclicTdaxialApparatus

D 4015-92 StandardTest MethodsforModulusand
Dampingof Soilsby the Resonant-ColumnMethod

D 5311-92 StandardTest Method for LoadControlled
CyclicTdaxialStrengthof Soil

D b. Forcoarsegeologicalmaterialssuchas coarsegravelsandsand-gravelmixtures,specialtestingequipmentand testingfacilityshouldbe used,(e.g., Universityof CaliforniaRock'fillTesting Facility,

Ricmond,California). Largersamplesize is requiredfor laboratoryteston thistype of materials,(e.g.,
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sampleswith12-inchdiameterwere usedinthe RockfillTestingFacility). It is generallydifficultto obtaigm

Iin-situundisturbedsamplesof unconsolidatedgravelysoilsfor laboratorytests, If it is notfeasibleto

collecttestsamplesand, thus,no laboratorytest resultsavailable,the dynamicpropertiesshouldbe

estimated fromthepublisheddata of similargravelysoils.

5.5.2 Site Response Analysis

a. Aspart of the quantificationof earthquakegroundmotionsat a facilitysite,an analysisof soil response

effectson groundmotionsmay be needed. Note thata specificanalysisis not requiredif the siteis a

hardrocksiteor if the subsurfacesoilconditionshavealreadybeen adequatelyaccountedfor inthe

se!ectionand use of strongmotiondata and attenuationrelationshipsforsubsurfaceconditionssimilar

to thosethatexistatthe site. ForfacilitieswithSSCs in PerformanceCategory1 or 2, it issufficientto

complywiththe criteriaforgroundmotionsspecifiedin the modelbuildingcodes althoughsufficient

site-specificinformationis neededto selectthe propersitecategory.

b. Site responseanalyses(oftenreferredto as siteamplificationanalyses)are relativelymoreimportant

when the sitesurficialsoillayerisa softclay and/orwhen thereis a highstiffnesscontrast(wavevelocity

contrast)betweena shallowsoil layerand underlyingbedrockbecausea few groundmotionrecording_

Ihave been obtainedfor such conditionsand have shownstronglocalsoileffects on groundmotion.

Site responseanalysesare alwaysimportantfor thosesiteshavingpredominantfrequencieswithinthe

rangeof interestforthe SSCs beingevaluated. Thus, the stiffnessof the soiland bedrockas wellas

the depth of soildepositshouldbe carefullyevaluated.

c. Ina siteresponseanalysis,the groundmotions(usuallyaccelerationtime histories)definedat bedrock

or outcropare propagatedthroughan analylicalmodelof thesite soilsto determinethe influenceof the

soilson the groundmotions. The requiredsoilparametersforthe site responseanalysisincludethe

depth,soiltype, density, shearmodulusand damping,andtheirvariationswithstrainlevelsfor each of

the soillayers. Internalfrictionangle,cohesivestrength,andover-consolidationratiofor clayare also

needed for non-linearanalyses.The resultsof the site responseanalysisshallshow the inputmotion

(rock responsespectra),outputmotion(surface responsespectra), and spectra amplificationfunction.

Criteriafor developingthe designresponsespectraare givenin DOE-STD-1023-94.

d. The straindependentshearmodulusand dampingcurvesshouldbe developed basedon site.

specifictestingresultsand supplementedas appropriateby publisheddata for similarsoils. The effects

of confiningpressures(that reflectthe depthsof the soil) on these straindependent soildynamic dl

characteristicsshouldbe assessed andconsideredinsite responseanalysis. I
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5.5.3 Soil-Structure Interaction Analysis

a. Soil-structureinteraction(SSI) analysesshallbe carriedoutwhen required toascertain the influenceof

the interactionof the structureand the surroundingsoilon the responseof the structureto the defined

sitefree field groundmotions.Soil-structureinteractioneffectsare more significantfor heavy and/or

embedded structures. Criteda forconductingSSI Analysisare providedin DOE-STD-1020-94.

b. The effectof soil-structureinteractionshouldbeconsideredforSSCs in PerformanceCategory3 and

shallbe pedormedfor SSCs inPerformanceCategory4. SSI analysesshalluse the designfree-field

groundmotionas input. The same soilparametersspecifiedinParagraph5.5.2.c shallbe obtainedfor

SSI analyses, Dueto the uncertaintyinthe inputgroundmotionas wellas soilparameters and

structuralpropertiesused intheSSI analysisa relativelywide rangeof soilshearmodulias requiredby

ASCE Standard4-86 (ASCE, 1986) and DOE-STD-1020 is recommendedsothat a conservative

structureresponsecalculationmay be expected.

c. Dynamicsoilspropertiescan varysignificantlydependingon whethersoillayersare saturated. ForSSI

analysis,unsaturatedsoilpropertiesshouldbe usedfor soillayersabovethe normalwatertable unless

D the site conditionsindicatethatadditionalsoilsaturationoccursfrequentlyorfor longdurations.

5.5.4 Ground Failure Evaluations

5.5.4.1 Seismic liquefaction of Soils

a. Liquefactionisa soilbehaviorphenomenonin whichcohesionlesssoils(sand, silt,or gravel)under

saturatedconditionslosea substantialamountof strengthdue to highporewater pressuresgenerated

inthe soilsbystronggroundmotionsinducedbyNPH, suchas earthquakesor wave actions. Potential

effectsof liquefactionincludereductioninfoundationbearingcapacity,settlements,land slidingand

lateralmovements,flotationof lightweightstructures(suchas tanks)embedded in liquefiedsoil,and

increasedlateralpressureson walls retainingliquefiedsoil. The generalprocedurefor evaluationsof

liquefactionpotentialis givenin the AppendixC of the EPRI Report"A Methodologyfor Assessmentof

NuclearPowerPlant SeismicMargin"(EPRI, 1988).

b. Investigationsof liquefactionpotentialtypicallyinvolvebothgeologicaland geotechnicalengineering

assessments. The parameterscontrollingliquefactionphenomenaare:the lithologyof the soilat the

site,the groundwater conditions,the behaviorofthe soilunderdynamicloadingand potentialseverity

of the vibratorygroundmotion. The followingsite-specificdata shallbe acquiredand utilizedalongwith

state-of-the-artevaluationprocedures(e.g., Seed and Idriss,1982; Seed et al., 1985):
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• Soilgrain size distribution,density,staticand dynamicstrength,stresshistoryand geologicage of the (

sediments,

, Groundwaterconditions,

• Penetrationresistanceof the soil,e.g., StandardPenetrationTest (SPT), Cone Penetration

Test(CPT),

° Shear wave velocityof the soil

° Evidenceof past liquefaction,

° Groundmotioncharacteristics.

c. A soilbehaviorphenomenonsimilarto liquefactionis strengthreductioninsensitiveclays. Although

_hlsbehaviorphenomenonis relativelyrare in comparisonto liquefaction,it shouldnot be overlooked

as a potentialcause forland slidingand lateralmovements. Therefore,the existenceof sensitiveclays

at the siteshallbe identified.

5.5.4.2 Subsidence

a. Groundsettlementduringand afternaturalphenomenahazardsdueto dynamicloads,changeof j

groundwaterconditions,soilexpansion,soilcollapse,erosion,andother causesshallbe considered.

Groundsettlementdue to the groundshakinginducedby NPH can be caused bytwo factors:(1)

compactionof dry sandsdue to groundshaking,and (2) settlementdueto dissipationof dynamically

inducedpore water insaturatedsands. Differentialsettlementwouldcause more damageto facilities

than woulduniformsettlement.Differentialcompactionof cohesionlesssoilsand resultingdifferential

groundsettlementcan accompanyliquefactionor mayoccurinthe absenceof liquefaction.The same

typesof geologicinformationand soildata usedin liquefactionpotentialassessments,suchas the

StandardPenetrationTest (SPT) N-value,can alsobe used inassessingthe potentialfor differential

compaction. Groundsubsidencehasbeen observedat the surfaceabove relativelyshallowcavities

formedby miningactivities(particularlycoal mines)andwherelargequantitiesof salt,oil,gas, or ground

water havebeen extracted, (HathewayandMcClure,1979). Where these conditionsexistnear a site,

considerationand investigationmustbe givento the possibilitythat surface subsidencewilloccur.

5.5.4.3 Slope instability

a. Stabilityof naturaland man-madeslopesshallbe evaluatedwhentheirfailureswouldaffectthe safety

andoperationof DOE facilitiesduringnaturalphenomenahazards. In additionto land slidingfacilltated /
by llquefaction-inducedstrengthreduction,instabilityand deformationof hillsideand embankment

slopescan occurdue to the groundshakinginertiaforcescausinga temporary exceedanceof the
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D strengthof the soilor rock. The slipsurfacesof previouslandslides,weak planesor seamsofsubsurfacematerials,mappinganddatingpaleo slopefailureevents, lossof shear strengthof the

materialscaused bythe naturalphenomenahazardssuch as liquefactionorreductionof strengthdue

to wetting,hydrologicalconditionsincludingporepressureand seepage, and loadingconditions

imposedby the naturalphenomenaeventsshallall be consideredindeterminingthe potentialfor

instabilityanddeformations.Variouspossiblemodesof failureshallbe considered. Bothstaticand

dynamicanalysesshallbe performedfor thestabilityof theslopes.

b. The followinginformation,at a minimum,shallbe collectedfor the evaluationof slope instability:

• Slopecross sectionscoveringareas whichwouldbe affectedthe slopestability,

• Soiland rockprofileswithinthe slope crosssections,

• Staticand dynamicsoiland rock properties,includingdensities, strengths,and deformabilities,

o Hydrologicalconditionsand theirvariations,

• Rockfall events,
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