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CoasoUdated Review COIDIDeati by Stall'ud Outside EspertI

Dnft Standard DOE-STD-I023, November 1994 .
NATURAL PHENOMENA IlAZARDS·ASSESSMENT CRITERIA

. , ..
. -

• The objective of1his stIDdard is to provide die requiremmss (aiteria) for estabtishina adequlle D&tura1
JNnomena hazards (NPH) desian basis load levels, which.., requUed information to implement DOE
STD-I02G-94 (1020). As 1M title of1be stIndard indicates, __ related co-the definition oflllll1mlde
"'ZlICIs. such aliraaft cnsh.~ aplosion. toxic material release IUd malevolent vehideslre not
oansidered. Sections 1(Scope). 2 (Applicable Documems}.IIId 3 (Definitions) lib up the tint 10 pages.
Seismic a'iteria dominate 1M document wi1b 19 paps. 'W'md a'iterialib up only six PIaeS and Flood
criteria 10 paps. Review comments U'e provided UDder two main beadinp: General (primarily
ad~ major editorial concerns) and T~CII. - -

GENERAL
,~ '.

The intent of1be standard would be better .-ved if1be primIIy focus oftbe document shifts to definina
~ a1terl11 Cordle medIodoloaies 1hIt Ire beina used to IIIimIIe NPH IoId levels dJrouahout the )
DOE complex. AI itis... dIy~ 1be stIndard auemptlto CImI'~ hntIlimuItIneously:
1he CClfttadS are a mix1ure of'perforinancespecificadons (mi"imaJ). prescripIive step-by-step procedures
(for major deliverables).lUd commeatIry (spriDlded tbrou&bout 1be document). 11Iese... at odds with
boIh 1he tide nl1he foreword oCtile ICIndard. Once the acc:eptlDCe criteria are searepted fiom the rest
althe cIoc:umcnt.....stepby step recommsMIed proceduresImetb fOr pfoducina the end produces
_d "lpproprilte colDlDSdlly could be prepared and iaduded • Appendices ifdeemed IllCaSII)' or
even desirable.

Conflicts Ind overlaPs~ 1020. which could contribute to cljftjculdes duria,. ipplicadons of bo1h
~ should be c:intufty edited. For inmple, Seedaa 5.2.I.e of1023 specifies dIIt -. pmblbilistic
wind hazard shaD be ccnduded••1miI appropilae Car tbe perfonDaDce eateaories oftbe SSCS at a lite.•
This appears to be in coafJic:t Wiab Scan D.I of1020. which does_ require 'die use of.probabilistic
ad hazard --mmr. but relies OIl the medIodoiOlY prl.eatecI ill AlCE 7. A c:IareI' focus for 1his
-.din! would minimize the IenIofconflids IDd0,.... 1020..........'11 Obviously 1020at
1023 are compIIIian cIocummtIlIId ...... clefineetiaa ofCD_'" iI ~.I·'Y. Two lltematives Ire
~- . .

1. AD IIIIfIriII CllIOM'malDll)' be edited Oat &am 1020 IIId iDcorpanred iDIo this llladanl IS

IPpropriate IIId 1020 dediC8l8d CO GIlly IIIponIe -.lysis lDICbodoIoaies fbr NPH IoIds.
DeccqIIiDaafIoId specifkWiCIIlDd IIIponIe -.lysis is deJinbIe duriaa1iD8 ofnoIudonuy
4evelopmiiilll iD boIb. 1IIe tllDplltioD far ..,. ~lIIIOIynqunl.dIJDi&bt dIIII be
eliminl'ed

2. 1hebid lenI ......a aiMiaiD dailllladanl could be ......... iDto 1020 IIId _ prment
cIocummt modified to become ............ Cc.iIlIIW'I.y em 1020 IIId • TuIorial an
rec:orDIIlIIMIed proced.... .
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•

Ahhoup seven) paragraphs are devoted to die InMpendent rmew of·dIe spec:ific:a1ion .d assessment
of'NPH loads, presc:ripCive requirerutub n II1Ide reIIIive to what is KCePtible II1d what is not ICceptable
(secrion 5.1.5). By definiDon, independent reviewers should be left alone to determine ifa Jiven result is .

• ICCeptIbIe or not. The requiaelililds fbr III independent review should be limited only to 1be composition
ofthe review pmel. the required credentials or1be panelists _ • pan scope or level ofdle review.

TECHNICAL

SelIlDlc: This Sectiaa reiterates. in pnenJ terms, 1be steps orbow to pnente:

1. ProbIbiIistichIDrd c:ums far bo1b Z8'O period lCCeIentiOll (ZPA) II1d specbal ampIificaSion.
..two ...... lrbitnuiJy seIeded fiequency bands (which. incidentally. mils die very importlnt
fiequency.bInd. or2.5-5 Hz for reiDforced caac:rete shear waIIltnIdures); -'

.
2. Row to......b resultsofbprobIbiIistic seismic hazard _essmeat (PSHA) to obtain·

COIItrO//bIg lDIpitude IDd disIInce lets for the preselected fiequency binds. This
-&IPlJidiaa iI.-maeousIy cbaracterized _1be i2tmllbtlstJc .proac:h (section ~.1.3.1).

. . - .

Ally cIeCIIministiA: IIppI'OIdl should employ. IIIt8pendent metbodo)olY. _ for eampJe described in the
DrlftReenJIlttJ!yGuideDG-1015. Moreover. buse..mixing ofmedim, mean,l4tb percentiJeZPAs,
-.lytic IIICI empirical spec:ClaI shapes, Deeds to be clarified II1d al'lSiOllll.basis for die use ofaile or the
0Iher provided. The selectiaa or....mediasllld oIber ftadiIes should be bIsed an sound technical
~ Havina aaIianIl basil becomm pDcu1Irty impJibiUt__ die c:oacept orallllljled Ippr08Ch
II IMina pRIII101Id farIIismictwind and fIoocl· Obviously. 1be selectiaa ofmy aceed.c;e hcdJe cannot
llellUlde without coasi....dIe iabenInI safety factOrs employed in 1be desian process tIIId1be ultimate
tIrpt reliability or."-1InIdUre, sysCem or companmt (SSC).

It is expecUlCI1bat Iipificant difl'ennces would Gist between probabi1ildClDy IIId determiDisticaDy
JMiiiIfed pu1d macians, pDcu1Irty.--c:Jase.iD fau115 or seismopnic reaiODlII'e kDoWD to pnente
clwacteriscic~ 1bese cliff'ereac:es mould be aplainable. since both die detcl'ministic and
pobabiIisIicpu1d IDOIic:I.IIaD from 1be SlIDe basic lite aeoJo&y .at seismoloIY. Raving aplaiDed II1d
recOnciled 1M diff'enIIt NsuJa. the dalp btuU pound motion could 1bsl be specified baed on the
IpeCific polopc IDd potecbnical fIds at eICh lite. Ground motions ba$ed GIl1be lO-CIDecl ct1IfIrDlJJng

· 1lllpi1Ude mel diIaInce Jell ....DOt~ be compatible widllocal site chInlcIeristics except maybe in........ ,.

. ••far fault ofFIll etiiMtjGII (_. pGIII"bJe deiIiaa ).~ iDduced pound taihn modes,
· ..._1iquefacdon.1Iope 1CabiIity.1ItenI.e'iDa- nUIed to1be,.."". ofsoDs

IIIII.ie*I to FUId dmslllDlt be conred O'diide artis dud. ill a....simiI- to, for
. aample, tile UN,"'. ar ill 1020. die c::blnlc:terizlGIl arpound modon with_eq....., ill ...~ r-ae of unn, iatenIt lIIIJIor d1nIioa of........ is 111

· iDJpodIal iaue1bItDIIds to" cIinc:dy~ ill die ICCePIaDce aDeria. Pew .'mple.1iqaef'Iction.
:~ stability IIId11Kbjehocl)amlic""" requite that Iaaaperiod IDd JaDa durIIioa...be .

....' l'lly IIIOcItled..die....pound DI"CionI Sjmt1arty. hiP~ ....~ (6ovaht to
~ ...,...., die mmyacb illdie welded baaHoIumn _1-=0lIl ol.... lIiab-riselJuiLlinp during

..NorbidpembquIb)......be"""'"caasiclend in1be specifieatioas of1be deIian around.... .
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The CoDowing is • sample oflpClCific~: ,

•
"

A c:boice. tom amaag.1hree me.hocfs. is prOyi4ed to .._ate site specific spec:ba wi1bout my
reqweal1lll1S _ to how to select 1he ane chat is most IPPropriate. Diffm'ences in these spectra'
would sugest dUll lOme sensitivity c::bec:b be made durina die selecuon process.

..

. .
• AIimiIIr COIICII1\. aboYe"'lo 1be choice ofc:aatrol poin1s~ desiF JI'Ound motions

.-e specifi~ ..' .

• Criteria ..., clecide when • site is.. a tee:ionic boundary is.Diain,. .And dle bais for 1I1e
ctift'erent multipliers (1.5 a 1.25) requiresjultifteatioD.

~

• The level ofsimplifiCliion ofdle PSHA that would be KCIptabIe for PC-3 is DOl provided.
, . .

• The use ofexislin& hIDrd eunes limply bee••they eiist is"'~Je. Some eYlluation
• to 1he adequacy of1be exisUna cunei needs to~ ellabJisbed. ..: .

• The use'of1he clitennmistic Iite .....a C811DOt~ a choice by d."e ..... Deterministic spedla
,Iboulcl aIWII)'I be coasidaecl_ a.my c:heck on die final JI'OIDI motion selected.

, . .. . ,
WiDd: It is DOt dar why iDdustry mndards (i.e.. ASCE"7~ "ind ANs 2.~ ~~ used to define
..mJmIIIII wind hazards. • die data base ofexareme wind. pmicuIarty torNdoeI. is DOt robust enouP to
apply on a site specific basis. Additionally. for PC... _ PC-3 6dIiti. a madmum 1Dmado .......
IhouId be ccnidered Ce.... ' ....2-157mph..F\iita 1-112mph,~).•wouJf also be prudent
to require die explondion ofodMlr types afwind (e.g.. "miaabInts") that couIcl be cbancteristic ofcertain... .

t.
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DOE-STD-1023-95

FOREWORD

The Department of Energy (DOE) has issued an Order (DOE 5480.28) which

establishes policy and requirements for Natural Phenomena Hazard (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, DOE-STD-1023-94, provides general and detailed criteria for establishing

adequate design basis load levels.

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

and Standards as Iistedin Section 2 (Applicable Documents) of this Standard and with

other pertinent National consensus codes and standards such as the model building

codes.

DOE technical standards such as this technical standard do not establish requirements.

HC?wever, all or part of the provisions in a technical standard can become requirements

under the following circumstances:

(1) they are explicitly stated to be requirements in a DOE requirements document; or

(2) the organization makes a commitment to meet a standard in a contract or in a plan

required by a DOE requirements document (such as in a implementation plan).

!
Throughout this stahd~rd, the words "should" and "shall" are used to clarify which

actions need to be done to meet this standard. The word "shall" is used to denote

actions which must be performed if this standard is to be met. The word "should" is used

to indicate recommended practice. If the provisions in this technical standard are made

requirements through one of the two ways discussed above, then the "shall" statements

would become requirements but the ·should" statements would not.

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

Department of Energy. 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.

ii
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1. SCOPE

a. It is the policy of the Department of Energy (DOE) to design, construct, and

operate DOE facilities so that workers, the general public, and the environment are

protected from the impacts of natural phenomena hazards (NPHs). This policy and

the related requirements for natural phenomena hazard (NPH) mitigation are·

established by DOE Order 5480.28 (USDOE, 1993a).

b. DOE 5480.28 requires that structures, systems, and components (SSCs) at DOE

facilities are designed and constructed to withstand the effects of natural

phenomena hazards using a graded approach. The graded approach is

implemented by the five (5) performance categories established for SSCs based .

on criteria provided by DOE-STD-1021-93 (USDOE, 1993b). Performance

Category (PC)-Q is for SSCs which require no NPH protection. The performance

categories requiring NPH protection range from PC-1, which represents protection

. for life-safety at the level provided by model building codes, to PC-4, which

represents protection from release of hazardous material similar to that provided by

commercial nuclear power plants. For each performance category, NPH design,

evaluation, and construction requirements of varying conservatism and rigor are

provided in DOE-STD-1020-94 (USDOE, 199·· .1).

c. In applying the design/evaluation criteria of DOE-STD-1020-94 for DOE facilities

subjected to one of the natural phenomena hazards, the establishment of design

basis load lev~ls consistent with the corresponding performance category is

required. De$.!i~ basis load levels are established by conducting natural

phenomena hazard assessments.

d. For sites containing facilities with structures, systems, and components (SSCs) in

only Performance Category 1 or 2 and having no site-specific probabilistic NPH

assessment, it is sL:Jfficient to utilize natural phenomena hazard maps from model

building codes or national consensus standards if they have input values at the

specified hazard probabilities. For sites which have site-specific probabilistic NPH

assessments, the SSCs in Category 1 or 2 shall be evaluated or designed for the

greater of the site specific values or the model code values unless lower site

specific values can be justified and approved by DOE.

1
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2. APPLICABLE DOCUMENTS

a. DOE Order 5480.18, -Environment, Safety and Health Program for DOE

Operations-, of 9-23-86, which establishes the Environment, Safety, and Health

(ES&H) Program for DOE Operations.

b. DOE Order 5480.23, -Nuclear Safety Analysis Reports-, of 4/10/92, which specifies

requirements for safety analysis involving DOE nuclear facilities and for submittal,.
review, and approval of contractor plans and programs.

c. DOE Order 5480.28, -Natural Phenomena Hazards Mitigation,· of 1-15-93, which

establishes policy and requirements ~or natural phenomena hazard (NPH)

mitigation for DOE sites and facilities using a graded approach.

d. DOE Order 5480.30, -Nuclear Reactor Safety·, of 1-19-93, which specifies

requirements for DOE nuclear reactor safety.

e. DOE Order 5481.18, -Safety Analysis and Review System-, of 9-23-86, which

establishes uniform requirements for the preparation and review of safety analyses

of DOE operations.

1. 1OCFR830.120, of 1-1-95, which establishes quality assurance requirements.
-.

.f .
g. DOE-STD-10aQ-94, -Natural Phenomena Hazards Design and Evaluation Criteria

for Department of Energy Facilities·, April,1994, which defines criteria for

designing or evaluating structures, systems, and components for NPH loads.

h. DOE-STD-1 021-93, -Natural Phenomena Hazards Performance Categorization

Criteria for Structures, Systems, and Components·, July 1993, which provides

criteria for placing structures, systems, and components into performance

categories.

i. DOE-STD-1022-94, -Natural Phenomena Hazards Site Characterization Criteria·

March, 1994, which provides requirements for obtaining the necessary site-specific

information to implement DOE-STD-1023-94.

3
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3. CRITERIA

3.1 Detailed Criteria for Seismic Hazard Assessment

3.1.1 General

a. This Standard provides criteria for determining ground motion parameters for the

Design/Evaluation Basis Earthquake (DBE). It also provides c~teria for

determining the acceptable design response spectral shape.

b. Seismic design and evaluation criteria for Department of Energy facilities are

provided by. DOE-STD-1 020-94 (USDOE, 1994a). In accordance with DOE-STD

1020-94, DBE spectra shall be determined and used for the design/evaluation

process.

c. In accordance with DOE-STD-1020-94, the DBE spectra shall be a site-specific

shape anchored to the appropriate ground motion parameters following the

provisions of Sections 3.1.3 and 3.1.5. When a site-specific response spectrum

shape is unavailable, a standardized spectrum shape is acceptable.

d. The seismic hazard assessment shall consider all effects of earthquakes including

not only earthquake ground shaking, but also earthquake-induced ground failure

modes such as fault offset (see Section 3.1.4).
I..
0"-;'

e. For sites containing facilities with SSCs in only Performance Category (PC) 1 or 2,

it is sufficient to utilize seismic hazard maps from the current version of model

building codes or national consensus standards if no site-specific probabilistic

seismic hazard assessment (PSHA) has been conducted for the sites. In lieu of

more specific data, (i.e. if seismic hazard maps are not available for the specified

annual probability of exceedance),· the PC-2 DBE may be taken as 1~5 times the

PC-1 DBE, except for sites near tecton~cplate boundaries where the PC-2 DBE

may be taken as 1.25 times the PC-1 DBE. These factors are based on avera~e

hazard curve slopes. For sites which have site-specific probabilistic seismic hazard

assessments, the SSCs in Performance Category 1 or 2 shall be evaluated or

designed for the greater of the site-specific values or the model code values unless

lower site-specific values are approved by DOE.

5
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of the 1989 LLNL and EPRI methodologies can yield significantly different. results.

Guidance for addressing the differences between the- two 1989 studies is provided

in DOE-STD-1024-92 (USDOE, 1992). 'It is permissible to directly aV$rage the

mean hazard curves from EPRI (1989a) and more recent hazard assessments

from LLNL (Savy, etal., 1993 and Sobel, 1994).

b. This option is particularty suitable for DOE sites in the. Eastern United States with
the exception of sites located near active sources for large magnitude earthquakes,

e.g., near New Madrid, Missouri and Charteston, South Carolina. In these cases, it

is required to either incorporate additional site-specific seismic sources or show

that the regional seismic sourt:es in the LLNL or EPRI studies adequately model

the tectonics in the vicinity of the site. See section 5.0 of DOE-STD-1024-92 for

additional guidance.

3.1.2.2 Development of Seismic Hazard Curves Based on New Site-Specific PSHA

a. Acceptable methodologies for conducting new PSHA for DOE sites include, but are

not limited to those used by Bernreuter, et al. (1989), EPRI (1989a), and Savy

(1994). An acceptable methodology for the development of DOE site specific

seismic hazard curves must accommodate uncertainties in the potential

earthquake occurrence and ground motion attenuation processes affecting the site.

b. The description given here applies to facilities with SSCs in Performance Category
!

4, as specifie~i." Section 3.1.'1.1. For Performance Category 3, the same

methodology as for Performance Category 4 is required but simplifications as

described in Section A3.1.2.2.5 .:ue acceptable.

c. The following elements shall be included in the methodology to conduct a new

PSHA.

(1) Basic Hazard Model- The four steps required to determine the seismic

hazard curve using the.basic hazard model are shown in Fig. 3.1.

(2) Data Used in the Hazard Modeling - The PSHA shall consider available data

in conformance with DOE-STD-1022-94 (USDOE, 1994b)

7
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3.1.2.3 Level of Review

a. The credibility and defensibility of a modem PSHA depends on the quality of the

input as well as the completeness of the documentation. All the information, input,

and analysis should be fully documented and independently reviewed. The

independent review should focus on the arguments and logic used to develop the

hazard results. The review team should include personnel with expertise in the

seismic hazard methodology and input parameters. The review should be

documented including questions raised by reviewers and resolutions provided by

. the analyst. The SSHAC study should be consulted for guidance.

3.1.3 DBE Response Spectra Acceptance Criteria

t..

a. The target DBE response spectrum is defined by the mean uniform hazard

response spectrum (UHS) associated with the seismic hazard annual probability of

exceedance over the entire frequency range of interest. However, considerable

controversy currently exists concerning both the s~ape and the amplitude of the

mean UHS. The issues of concern are briefly described in DOE-STD-1020-94

(USDOE, 1994a). The current position of the DOE Seismic Working Group

(USDOE, 1992) does not recommend the use of UHS alone but recommends that

it should be supplemented by the response spectrum shapes obtained from

appropriate earthquake events such as the controlling events described in Section

3.1.3.1.
:,j«.

b. The current appr0,ach used to develop mean DBE response spectra is to anchor

median spectral shapes to mean peak ground motion parameters. By comparing

the scaled median shapes to the mean UHS and adjusting it as needed, the

appropriateness and conservatism of the final DBE response spectrum can be

assured.

c. Earthquake vibratory ground motions to be used as input excitation for design and

evaluation of DOE facilities, according to DOE-STD-1 020-94, is defined using an

approach similar to that being developed by the NRC (USNRC, 1995). When site

specific response spectra are unavailable, a median standardized spectral shape

may be used so long as such a spectrum shape is either reasonably consistent

with or conservative for the site conditions.

9
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There may be some instances where the spectrum generated from this controlling

earthquake may not be sufficiently broad-banded to capture the contributions from

all sources. Therefore, if the controlling earthquake for the frequency range of 1 to

2.5 Hz is from a significantly different source, e.g. a large, distant event,.its effect

on the spectral shape shall be included. In addition, for sites that have SSCs

sensitive to law-frequency seismic response (e.g., below 1 Hz), it may be. .

necessary to include the controlling earthquake based on seismic peak ground

displacement (PGD).

3.1.3.2 Standardized DBE Response Spectra

a. As specified in Section 3.1.1.b, standardized response spectra developed from

general site conditions instead of site-specific geotechnical studies are used if site

specific response spectra are unavailable. Acceptable methods to generate site

dependent standardized response spectra include those of Newmark and Hall

(1978), Mohraz (1976), Seed et al. (1974), Kiremidjian and Shah (1980), ATC

(1984), and BSSC (1988). An example of the application of standardized spectra

can be found in Appendix A.

3.1.4 Earthquake-Induced Ground Failure Assessment

a. In addition to ground shaking, another direct e~ect of earthquakes can be surface

expression of fault offset. A probabilistic assessment of this ground failure mode,
may be nece~ry if potential fault rupture may occur near a facility. If the annual

probability of this. ground failure mode is greater than the necessary performance

goal, either the site should be avoided, mitigation measures taken, or an evaluation

performed of the effects of fault offset.

3.1.5 Historical Earthquake Ground Motion Check

a. In assessing the DBE, the review will consider historical earthquakes that may

have affected the site and ensure that the DBE is conservative relative to the

historical earthquake. This is not meant to be a comparison to the -maximum .

credible" earthquake nor should it include infrequent paleoselsmic events as part of .

the historical data set.

11
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approaches used to derive the spectral shapes as discussed in Sect!on

A3.1.3.1.e. For PC-4 facilities, the DBE spectra shall be equal to or greater

than the 84th percentile estimate. For PC-3 facilities, the DBE spectra should

be equal to or greater than the median estimate. In general, the difference

between the median and 84th percentile is about a factor of 1.7 to 2 in ground

motion, which approximates the ground motion difference between PC-3 and

PC-4 hazard probabilities coupled with typical hazard curve slopes.

t....
".-;.
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1. For sites having no site-specific probabilistic wind hazard assessment, it is

sufficient to utilize model building codes, such as ICBO (1991), or national

consensus standards, such as ASCE (1993), to define the basic wind speed.

2. For sites which have site-specific probabilistic wind hazard assessment, the

SSCs in Performance Category 1 or 2 shall be evaluated for the greater of

the site-specific values or the model code values unless lower site-specific

values can be justified and approved by DOE.

f. . For sites containing facilities with SSCs in Performance Category 3 or 4, a site-

specific probabilistic wind hazard assessment is conducted to establish the wind

speed for design and/or evaluation of the facilities.

3.2.2 Criteria for Site-SpeCific Probabilistic Wind Hazard Assessment

a. For facilities with SSCs in Performance Category 3 or 4, a site-specific probabilistic

wind hazard assessment is conducted to establish the wind speed.

b. The results of the probabilistic wind hazard assessment includes a mean wind

hazard curve and other information regarding the uncertainty in the hazard

assessment. The wind hazard curve represents the annual probability of

exceedance as a function of wind speed at the site.

•t .
c. There are three types of winds: extreme (straight) wind, hurricane, and tornado.

Extreme (straight) winds are non-rotating such as those found in a thunderstorm

gust front. Tomadoes and hurricanes both are rotating winds. The potential for all

three types of winds shall be determined in the site wind hazard assessment.

d. For practical purposes, the effects of hurricanes are treated the same as those of

straight winds in accordance with DOE-STD-1020-94. As a result, both hurricane

winds and straight winds will be represented by a single straight wind hazard curve

although different wind hazard models are used for straight winds and hurricanes.

e. The site-specific probabilistic wind hazard assessment is characterized by the

following traits:

15
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3.3 Detailed Requirements for Flood Hazard Assessment

3.3.1 General

a. Design and evaluation criteria for Department of Energy facilities against flood

hazards are provided by DOE-STD-102Q-94 (USDOE, 1994b). In accordance with

DOE-STD-1020-94, a Design Basis Aood (DBFl) shall be established in order to

carry out the design/evaluation erocess. The DBFl is a flood level determined

from the mean flood hazard curve and the hazard annual probability of exceedance

specified in DOE-STD-1020-94. A probabilistic flood hazard assessment is

requirEd to develop the flood hazard curve at the site.

b. In accordance with Section 3.c, for sites containing facilities with SSCs in

Performance Category 3 or 4, a site-specific probabilistic flood hazard assessment

is required. A site-specific probabilistic 'flood hazard assessment at a site shall

involve the following two steps:

Step 1: Perform a flood screening analysis to evaluate the magnitude of flood

hazards that may impact the SSCs under consideration. Specific criteria

for a flood screening analysis are provided in Section 3.3.2 of this

Standard.

Step 2: Perform a comprehensive flood hazard assessment, if needed, based on

the results of the flood screening evaluation. Specific criteria for a
,,,At

comprehensive flood hazard assessment are provided in Section 3.3.3 of

this Standard.

c. In accordance with Section 3.a, for sites containing facilities with SSCs in only

Performance Category 1 and 2 and having no existing site-specific probabilistic

flood hazard assessment, it is sufficient to utilize flood insurance studies or

equivalent to estimate the DBFL.

d. However, for sites containing facilities with SSCs in Performance Category 2, a
reduced-scope flood hazard assessment is generally required because most flood

insurance studies available have not been conducted at a level which is compatible

with the hazard annual probability of exceedance (5 X 1Q"4) associated with

17
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flooding so that safety from flooding is obvious and can be documented wi,th

minimal effort.

b. In the case of flood-dry sites, the flood screening analysis will conclude that

flooding is not a design basis event.

c. In the case of non flood-dry sites, the flood screening analysis will provide a

preliminary measure of the magnitude and probability of occurrence of extreme

floods.

d. The flood screening analysis includes the following three steps:

Step 1: Identification of the sources of flooding. ,

Step 2: Evaluation of flooding potential.

Step 3: Preliminary flood hazard analysis.

e. Examples of acceptable previous flood screening analyses for 10 DOE sites are

presented in McCann and Boissonnade (1988a, 1988b, and 1991) and

summarized in Savy and Murray (1988). The elements comprising a flood

screening analysis are further described in Appendix A.

!
3.3.3 Comprehensive Flood Hazard Assessment

a.Results of the flood screening analy$is determine Whether floods could impact

DOE operations. For sites that could be exposed to flooding and do not meet the

design basis, a comprehensive flood hazard analysis is required. The need to

perform a site comprehensive hazard assessment depends on the potential DBFL

. impact on the facilities for the flood hazard exceedance probabilities. Guidelines to

evaluate these impacts are provided in DOE-STD-1020-94. These guidelines

recommend the design basis for DOE facilities based on the following factors:

(1) Types of potential flood hazard

(2) Performance category
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d. A full scope probabilistic approach to model river flooding shall include temporal

and spatial frequency estimates of the random meteorological parameters that

contribute to precipitation and runoff and an estimate of the modeling uncertainty of

the watersheds (NRC. 1988).

e. Three of the acceptable approaches are available to evaluate the frequency of

extreme flows and/or levels due to hydrologic events (NRC, 1988) and (IACWD.

1986) are:

. (1) statistical methods

(2) probabilistic hydrologic modeling (including. Bayesian analysis, joint

probability methods, etc.)

(3) paleohydrologic' analysis (i.e.• evaluating ancient evidence using age dating

techniques to deduce early extreme hydrologic events).

f. The causes of dam failure to be evaluated include: hydrologic, seismic,

hydrostatic. operation error. random structural failure. upstream dams. and

landslides (McCann and Boissonnade. 1988b).

g. Dam failure-induced flood levels shall be determined by analyses using validated

dam break m9dels (Fread. 1984). Uncertainty for the dam break model analysis

parameters (~., b~each size, time to failure, flood time arrival) shall be accounted

for in the analysis (McCann and Boissonnade, 1988b).
,.-.

h.' Simplified dam failure analysis is acceptable (McCann, et aI., 1985b) if the analysis

accounts for uncertainty.

3.3.4 Flood Event Combinations

a. For each primary potential flood source the DBFl s~all consider several event

combination cases as specified below:

--

(1) River Flooding: Case 1: Peak flood elevation due to all flooding

contributors with the exception of upstream dam failure.
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DBFL conservatively accounts for a recurrence of the event causing the flooding.

Since the hydraulic characteristics of the basin might have changed since the

maximum historical flood, the flood level itself may not be able to form a direct

comparison to the DBFL. Rather. the amount of water produced, or the rainfall

intensity and distribution, should be compared to the event leading to the DBFL.

For PC-3 and PC-4 facilities, the DBFL event should be equal to or greater than

the maximum historical event in the basin.
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6. DEFINmONS

Annual Flood The maximum instantaneous peak discharge or level of flood in each

year of record.

Atmospheric Pressure Change (APC) A wind hazard design parameter consisting of

a reduction in atmosph~ric pre~sure generated by a tornado.

Backwater Effect l'he rise in water surface elevation in an area caused by an

obstruction which limits the water flow from the area.

Basic Wind Speed The wind hazard design parameter used to determine wind

pressure on buildings or other facilities.

Basin, Watershed The total area from which surface runoff is carried away by a

drainage system.

Deaggregate Determine the fractional contribution of each magnitude-distance pair to

the total seismic hazard. To accomplish this, a set of magnitude and distance bins are

selected and the annual probability of exceeding selected ground acceleration

parameters from each magnitude-distance pair is computed and divided by the total

probability.

t

Design Basis FI~ (DBFL) The peak flood level derived from the mean flood hazard

curve in accordance'with the annual probability of hazard exceedance associated with
.'.

the sse. The DBFL is used to design or evaluate SSCs of DOE facilities subjected to

flood hazards.

DeslgnlEvaluatlon Basis Earthquake (DBE) A specification of the mean seismic

ground motion at a site; used for the earthqua!\e-resistant design of structures, systems,

and components. The DBE is defined by ground motion parameters determined from

mean seismic hazard curves and a design response spectrum shape.

Design Basis NPH Event The NPH event used as a basis for the design and/or

evaluation of SSCs at DOE facilities. The design/evaluation basis NPH event is called
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The life cycle stage of the facility;

The programmatic mission of a facility;

The particular characteristics of the SSCs; and•

The cost and replaceability of the SSCs.

Hydrodynamic Loads Dynamic fluid forces imposed on structures by the impact of

moving fluid, including flood water.

Hydrostatic Loads Static fluid forces imposed on structures due to the pressure of

contained an.d surrounding fluids, inclUding flood water.

Model Building Codes Published documents that contain design and construction

requirements applicable to normal commercial buildings. Examples are 1994 ICBO

Uniform Building Code (UBC), the BOCA National Code and 1992 Supplement, SBCC

Standard Building Code, 1994. .

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

hurricane, tornado, flood, volcanic eruption, lightning strike, forest fire, snow, or extreme

cold) which poses a threat or danger to workers, the public, or to the environment by

potential damage fo structures, systems, and components (SSCs).
:,A!.

Natural Pheno~enaHazard Curve A frequency plot that characterizes the likelihood

of occurrence of a natural phenomena hazard at a specific site by giVing the return

period or annual probability of exceedance as a function of a parameter used to

characterize the level of the natural phenomena hazard. The mean NPH curve is used to

determine the design basis NPH event.

Near-Field A region within 15 km (9.3 mil of a seismic source.

NPH Mitigation An action taken to reduce the impacts of natural phenomena hazards

(to become less harsh or hostile to workers, the public, facilities, and the environment).

This includes NPH resistant design, evaluation, construction requirements, and

operational procedures.
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Probability of Exceedance The probability that a specified level of hazard occurrences

or specified social or economic consequences of NPHs, will be exceeded at a site or in a

region during a specified exposure time.

Response Spectrum A curve calculated from an earthquake accelerogram that gives

the value of peak response in terms of acceleration, velocity, or displacement of a

damped linear oscillator (with a given damping ratio) as a function of its period (or

frequency) of vibration. For design purposes; a set of response spectra are usually

generated for different damping ratios.

Seiche A cyclic oscillation or sloshing of a lake or large body of water due to the effect

of winds, seismic forces, and/or atmospheric pressure.

Seismic HaZard One form of natural phenomena hazards caused by earthquakes. The

primary effect of the seismic hazard is earthq"uake ground shaking. Other effects

associated with the seismic hazard include differential ground deformation induced by

fault displacement, liquefaction, and seismic induced slope instability and ground

settlement.

Seismic Hazard Curve (SHC) A frequency plot that characterizes the seismic hazard at

a specific site by giving the return period or annual probability of exceedance as a

function of the peak ground acceleration (PGA) or any other ground motion parameter,

e.g., PGV" PGD, or average spectral acceleration, used to characterize the level of

earthquake groun~ motion at the site. The mean seismic hazard curve is used to

determine the OBI?-

'.
Seismic Sources Portions of the earth that have a potential for abrupt releases of

energy in the earth's crust (lithosphere), or to cause earthquakes. Seismic sources may

include a region of diffuse seismicity (seismotectonic province) and/or a well-defined

tectonic structure which can generate both earthquakes and ground deformation.

Site The area with one or more DOE facilities or activities that can be represented by

the same natural phenomena hazard potential with local conditions that can be

represented by the same parameters.

Stage Elevation above some arbitrary zero datum of the water surface at a gauging

station.
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7. ACRONYMS

ASCE

APC

ATC

BOCA

BSSC

DBE

DBFL

DOE

EPRI

FEMA

HEC

IACWD

ICBO

LLNL

NEHRP

NPH 

NRC-

pc.
PGA

PGD

PGV

PSHA

PSV

SBCCI

SHC

SSCs

SSHAC 

UBC

UHS-

American Society of Civil Engineers

Atmospheric Pressure Change

Applied Technology Council

Building Officials and Code Administrators (International)

BUilding Seismic Safety Council

DesignlEvaluation Basis Earthquake

Design Basis Flood

Department of Energy

Electric Power Research Institute

Federal Emergency Management Agency

Hydrologic Engineering Center

Interagency Advisory Committee on Water Data

International Conference of Building Officials

Lawrence Uvermore National Laboratory

National Earthquake Hazards Reduction Program

Natural Phenomena Hazard

National Research Council, also Nuclear Regulatory Commission
(Referenced as USNRC)

Performance Category

Peak Ground Acceleration

Peak Ground Displacement

Peak Ground Velocity

Probabilistic Seismic Hazard Assessment

Pseud~jresPOnse) Spectra Velocity

SouthernBUilding Code Congress International

Seismic Hazard Curve

Structures, Systems, and Components

Senior Seismic Hazard Analysis Committee

Uniform BUilding Code

Uniform Hazard (response) Spectra
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Then, for the Eastern U. S. (non-plate boundary sites):

~ = (4)log2 _ /.5
a/

and for western U. S. (plate boundary sites):

Development of Site-Specific Seismic Hazard Curves

A.3.1.2.1 Development of Seismic Hazard Curves Based on Existing PSHA

a. When the mean hazard curves from EPAI (1989a) and LLNL (Savy, et aI.,

1993 and Sobel, 1994) are directly averaged, the average should be

based on averaging the mean annual probabilities at a given peak

acceleration or spectral acceleration, completing the average at enough

ground motion values to draw the entire hazard curve.

A3.1.2.2 Development of Seismic Hazard Curves Based on New Site-Specific PSHA

c. Thtt following elements shall be included in the methodology to conduct a

ne~~SHA:

(1) Basic Hazard Model - Section A3.1.2.2. 1 provides further discussion

of this element.

(2) Data Used in the Hazard Modeling - Data used in the hazard

modeling exist in various degrees of quantity and quality. Section

A3.1.2.2.2 provides further discussion of this element.

(3) Characterization of Uncertainty in Parameters of the Hazard Model 

Section A3.1.2.2.3 provides further discussion of this element.
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area or a fault (such as for westem U. S. Sites) as shown in Fig.

3.1

Step 2: The recurrence (frequency-magnitude distribution) is defined for

each zone. This step quantifies the total number of earthquakes

greater than magnitude Mo expected to occur during the period

of interest (usually one year), and it describes the relative

frequency of all the magnitudes greater than Mo. An upper

bound (maximum) magnitude is defined for each recurrence

distribution.

Step 3: The ground motion model provides the probability that g is

exceeded at the site (at a hypothetical rock outcrop) when an

earthquake of magnitude m has occurred at a given location.

Usually, the direction"of the origin of the earthquake is neglected

and only the distance r to the site is considered in the ground

motion modeling:

P (G~g, for given m and r).

The measure of the source-to-site distance may vary depending

upon the procedure used to estimate earthquake attenuation

t effects..
:..<

". For a site where the ground motion model is not specifically
\.

applicable to the local geology, a site. response evaluation

should be completed. The site response evaluation should .

consider field investigations, sampling, and testing as described

;n DOE-STD-1022-94.

Depending on the PSHA methods, the site correction can be

applied on the ground motion model (Bemreuter et aI., 1989,

and Savy, 1993) or on the resulting hazard curves (EPRI,

1989a) defined at rock outcrop.

41



DOE-STD-1023-95

recurrence rates several times higher than the empirical data) shpuld be

explained. All models and information provided should be thoroughly

documented so that an independent party could review the study and

- understand the manner in which the data have been used to support the

seismic hazard interpretations.

A3.1.2.2.3 Uncertainty in Hazard

a. Probabilistic seismic hazard analysis, as represented by the basic

elements shown in Figure 3.1 and summarized in the seismic hazard

curve, incorporates the random variability in the location, size. and ground

motions associated with future earthquakes. In addition to this random

variability, there is also a component of uncertainty related to lack of

knowledge of the models and parameters that characterize the seismic

hazard. For example. alternative seismic source maps could be

developed, uncertainties in recurrence parameters can be quantified. and

alternative ground motion attenuation relationships can be identified.

These uncertainties result in a distribution of seismic hazard curves, from

which the median (50th percentile) or mean seismic hazard curve may be

selected. The mean seismic hazard curve is usually quite sensitive to

uncertainties and. therefore. full inclusion of uncertainties in the seismic

hazard analysis is necessary.

t·.
b. TW6~equally-permissible approaches can be used to quantify and

propagate uncertainties in models and parameter values: the logic tree

approach (e.g., EPRI. 1989a) and ttle Monte Carlo simulation approach

(e.g., Bernreuter et aI., 1989). In the logic tree approach. alternative

models and alternative parameter values are identified and a relative

weight is assigned to each alternative that expresses the relative

credibility of that alternative in light of the available data. Elements of the

logic tree are sequenced to provide for a logical progression in the

assessment from general elements to more specific elements. 1n the

simulation approach. uncertainties in inputs are characterized by

continuous distributions. and multiple simulations are run to sample from

the distributions. Both approaches have common application in seismic

hazard analysis and lead to reliable estimates of mean hazard.
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c. A second approach to quantifying uncertainties consists of a single

analyst or contractor (such as a consulting company) conducting a

seismic hazard analysIs and subjecting the study to peer review by an

independent panel of experts. The peer review should include review of

the process as well as the inputs. The hazard analyst should strive to

incorporate the range of scientific interpretations and the peer reviewers

should ensure that all reasonable interpretations have been considered.

Multiple cycles of peer review, focusing on particular components of the

analysis, are often needed. to allow for modification and updating of the

inputs. The peer review approach has been applied at many DOE sites

for seismic hazard analysis. Examples of this process can be found in

Woodward-Clyde Consultants (1992) and Geomatrix Consultants (1990,

1991).

d. An important aspect of uncertainty characterization is documentation.

Regardless of whether the expert elicitation or the peer review procedure

is used, the technical basis for all assessments must be documented in a

form suitable for third party review. For example, a seismic source map

must be supported by a written description of the basis for the source

boundaries in terms of evaluations of geologic, geophysical, and

seismicity data. Ukewise, the basis for alternative source maps must be

documented. One purpose of the documentation is to provide a

me~~nisr:n to examine the impact that new data and interpretations may

have OJ'! the interpretations as new studies are conducted or new findings

are made. For example, a potentially important consideration might be

the occurrence of a moderate to large earthquake in the region of a site

after the seismic hazard analysis has been completed. The location of

the event and Its magnitude can be compared with the sources

considered in the analysis and the magnitude of earthquakes that were

modeled for the source. Ukewise, the level of recorded ground motions

for the event can be compared with the levels predicted in the seismic

hazard analysis. For additional ~uidance on the content and amount of

documentation to support PSHAs, the SSHAC dOcument should be

consulted.
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Step 2: Using the appropriate annual probability of exceedance value.

PH (e.g.• 1x1Q"'4 for Performance Category 4). enter the hazard

cu~e from Step 1 at PH to determine the corresponding SA.

Step 3: Deaggregate the mean SA seismic hazard curve as a function of

magnitude and distance and calculate the contribution to this

hazard curve for all of the earthquakes in a selected earthquake

magnitude and distance set (size M x N) to determine the relative

contribution to the hazard. This requires the calculation of the

annual probability of exceedance. H(mi.'1), for each

magnitude/distance bin: magnitude mi (i =1.2•..•M) and distance

rj. 0=1.2•...•N).
."

Step 4: Compute the magnitUde of the controlling earthquake for the

mean estimates of SA (5-10) using the contributions H(mi. '1)

computed in Step 3 in accordance with the following (or similar)

equation:

M N M N
M(1) = I I mi H(mj,rj) I I I H(mj,rj)

i=1 j=1 i=1 j=1

t
:,.E

The distance of the controlling earthquake.from the site is next

determined from the following (or similar) equation:

M N M N
log R(1) = I I log(rj) H(ITIj, rj) I I I H(ITIj, rj)

i=1 j=1 1=1 j=1

Step 5: Select. from the site-specific PSHA results, the mean seismic

hazard curve for the ground motion parameter SA(1-2.5)' i.e., the

average spectral acceleration at 1 and 2.5 Hertz, and use the

same PH and Step 1 through 4 as above to determine the

magnitude m(2) and distance r(2) that control the SA(1-2.5)'
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frequencies as a function of magnitude, distance, and site soil

profile. Methodologies used to develop relationships such as those

described by JQyner and Boore (1981), Sadigh (1983), Nuttli and

Hemnann (1987), Campbell (1985), Joyner and Boore (1988);

Bemreuter, et al. (1989), EPRI (1993), Boore, et al. (1993), and

Atkinson (1993) are acceptable. However, recent data shall be

used when available.

(3) Numerical modeling

The median response spectrum shape is calculated from numerical

models such as band-width-Iimited-white-noiselrandom vibration

theory models benchmarked against response spectra from actual

ground motion records associated with magnitudes, distances, and

soil profiles as similar to those of the site under study. For this

method, the input parameters, the numerical model used, and the

validation of the appropriateness of the model shall be documented.

I

A3.1.3.2 Standardized DBE Response Spectra

a. As an example, the procedure for constructing a standardized DBE response

spectrum based on Newmark and Hall (1978) (using the authors' original

units) is summarized below:

t
(1) DetermiWt the horizontal ground motion parameters: PGA, PGV, and PGD..-

a. Obtain th~ design basis mean peak ground acceleration (PGA) in units of

-g-based on a site specific probabilistic seismic hazard assessment.

b. For a competent alluvium site with Vs (shear wave velocity) < 3500 ftlsec,

determine the peak ground velocity (PGV) in -in/sec- and peak ground

displacement (PGD) in -in- by the following formulas:

PGV=48PGA

PGD=36 PGA
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A3.2.2
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Detailed Criteria for Wind Hazard Assessment

Criteria for Site-Specific Probabilistic Wind Hazard Assessment

A3.2.2.1 Straight Wind Probabilistic Hazard Assessment

a. An acceptable method to estimate the annual probability that specified

wind speeds at the site will be exceeded is included in Coats and Murray,

1985, and described by the following:

Step 1: Select a data set of annual extreme wind speeds from a weather

station near the site of interest.

Step 2: Correct the annual extreme wind speeds to an anemometer

height of 33 ft (10 meters) above ground in flat, open terrain

using appropriate methodologies. For example, a power law

(Simiu and Scanlan, 1986) could be used to make an

adjustment, if needed. No recorded wind speeds from

anemometers located on building roofs near the edges,

sheltered by parapets or neighboring buildings, or too close to

the roof surface (less than 5 feet (1.5 meters)) shall be used.

Step. 3: Estimate the annual probability of exceedance of selected
t~ windspeeds with associated uncertainty.

~ -
b. Data sets of historical extreme winds shall be obtained from weather

stations close enough to sites to represent the site conditions as

described In DOE-STD-1022. If more than one station Is available, they

may be combined, provided they represent the same conditions as those

at the site.

c. Several statistical models may be used to estimate frequency of winds.

An estimate of the models fitting the data shall be performed. If only one

statistical model is to be used, the Fisher-Tippet Type I extreme va)ue

distribution (also named Gumbel distribution) (Coats and Murray, 1985)
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c. A preliminary hurricane wind hazard analysis may be performed to

assess the magnitude of hurricane wind speeds by using reported results

of hurricane hazard analyses such as those in Batts, et aI., (1980).

A3.2.2.3 Tomado Wind Probabilistic Hazard Assessment

a. A tomado hazard analysis cOnsists of the following steps:

Step 1:. Compile, obtain, and update as necessary a data set of

tomadoes for the area~

Step 2: Develop occurrence-intensity relationship.

. Step 3: Develop area-intensity relationship..

Step 4: Calculate probability of a point experiencing tomado intensity.

Step 5: Calculate probability of tomado wind speeds exceeding

specified values.

b. The tomado hazard model described in Coats and Murray (1985) is
1 •

acceptable for use in conducting a site tomado probabilistic hazard

analysis. Additional data may be found in Ramsdell and Andrews (1986).
I.

A3. 3 Detaile~eguirements for Rood Hazard Assessment

......
A3.3.2 Flood Screening Analysis

A3.3.2.1 Identification of potential Sources of Rooding

a. The following hydrologic events which are potential sources of flooding

shall be included in the flood hazard analysis:

( 1) River flooding

( 2) Levee or dam failure

( 3) Flood runoff/drainage
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A3.3.2.3 Preliminary Rood Hazard Analysis

a. A preliminary flood hazard analysis is perfonned for all sources of

flooding identified as having potential impacts on the site. This analysis

shall provide a measure of the magnitude and probability of occurrence of

extreme events. This analysis does not need to be comprehensive and
. .

,can be based on existing studies. For example, it is sufficient to use flood

insurance studies or equivalent, that estimate flood probability to 2x1 0-3 to

measure the magnitude and probability of occurrence of river flooding,

and extend these results to a lower probability value (10'
5

to 10j (Kite. .

1988). Furthennore, the results of an)' available existing flood frequency

analyses should be compared to the results of a preliminary flood hazard

analysis.

b. A preliminary flood hazard analysis provides estimates of the probability

of floods and an assessment of the uncertainty in the hazard estimate.

Rivers or streams are the most common sources of flooding. For this

type of flooding, a simplified acceptable method to estimate the

pr~bability that specified elevations at the DOE sites will be exceeded

·consists of the following steps (McCann and Boissonnade, 1988a}:

Step 1: Compile, obtain and update a data base of peak discharge as

t described in DOE-STD-1022... :,

l~•.

Step 2: .. ~stimate the probability of excaedance of selected peak
~.

discharge levels with associated uncertainty,

An acceptable methodology using streamflow data, and

including uncertainty estimates due to the statistical model

selected and limited flood data is provided by McCann and

Boissonnade, (1986).·

Step 3: Detennine the stage-discharge relationship (a relationship

between flow discharge and flood stage).
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