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REGULATORY GUIDE 3,40

DESIGN BASIS FLOODS FOR FUEL REPROCESSING PLANTS AND FOR
PLUTONIUM PROCESSING AND FUEL FABRICATION PLANTS

A. INTRODUCTION signed to withstand the effects of floods or discuss
the design requirements for Good protection.

ANSI N 170- 1976, ' Standards for Determining +
Paragraph (a)(1) of 550.34, " Contents of Applica.

tions: Technical Information, of 10 CFR Part 50 Design Llasis Flooding at Power Reactor Sites, ''
presents standards to establish design basis Gooding' Licensing of Production and Utilization Facilities,- for safety-related features at power reactor sites.

requires, among other things, that each application ANSI N 170-1976 also contains, among other things,
for a construction permit for a production or utiliza.

methodology for estimating probable rnaximum surgestion faci!ity, including fuel reprocessing plants, in.
and seiches at estuaries and coastal areas on oceansclude a desenption and safety assessment of the site and large lakes. Appendix il to Regulatory Guideon which the facility is to be located, with eppro. 1.59, ' Design Basis Floods for Nuclear Power

priate attention to features affecting facility design. Plants, ' gises timesasing alternative methods of es-
Paragraph 70.22 (f) of 10 CFR Part 70 "Special Nu.
clear Material," requires that each application for a timating the probable maximum Good along streams.

license to possess and use special nuclear material in Appendix C to Regulatory Guide 1.59 gises a
simplified method of estimating probable maximum

a plutonium processing and fuel fabacation plant con. surges on the Atlantic and Gulf Coa'ts. It is the con-tain, among other things, a description and safety as.
sensus of the NRC staff that ANSI N170-1976 and3essment of the design bases of the principal struc.

9 ture, systems, and components of the plant, including Appendices B and C to Regulatory Guide 1.59 are
also applicable to nuclear f acilities, and therefore

provisions for protection against natural phenemena. they are referenced in this guide.
Paragraph 70 23 (b) of 10 CFR Part 70 prosides that The methods described in this guide result from re-the Commission will approve construction of the siew of and action on specific cases, and as such,
principal structures, sy stems, ar ' components of a reDect the latest general approaches to the problem
plutonium processing and fuel faoncation plant when that are acceptable to the NRC staff. If an applicantit has determined, among other things, that the design

desires to employ new information that may be de-bases of the principal structures, systems, and com.
ponents provide reasonable assurance of protection

veloped or to use an alternatise method, the NRC
staff will resiew the proposal and approse its use, if

against natural phenomena and the consequences of found acceptable.
potential accidents. The flood analysis described in this guide need not

This guide describes methods of determining the be considered by applicants in their submittals in
design basis floods that fuel reprocessmp plants and connection with applications for special nuclear ma-i
plutonium processing and fuel f abrication plants
should be designed to withstand without loss of tern.1 licenses, operating licenses, or construction

,1 safety-related functions. It does not identify strue. permits for nuclear facilities located at sites abose the
design basis Good level where it can be demonstrated

e,p tures, systems, and components that swuld be de.
O

- *l.ines indhate substantne thanges f rom the previous nsue
4
10 'The term nuclear faahty" will be used in this guide to ' Copies of ANSI N170 1976 may be purchased f rom the

Nuclear Sotiety. 555 N K e n sin FI"n A s e n u e . 1. a
Q refer to fuel reprocessing plants anJ to plutonium pratessir:g and Amer an

g fuel fabrication plants Grange Park, ll. 6n53
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that safety-related structures, sy stems, and compo- mically induced floods reasonably possible should be
nents are not affected by flooding. considered for each site. Along streams and estuaries,

seismically induced floods may be produced by dam

B. DISCUSSION f ailures or landslides. Along lakeshores, coastlines,
and estuaries, seismically induced or tsunami-type

Nuclear facilities should be designed to present a flo, Jing should be considered Consideration of
release of radioactivity resuhing from the effetts of seismnally induced floods .hould melude the same

the most sesere flood conditions that can reasonably range of seismic esents as n postulad for the denn
of the nuclear faciht) I or instance, the analy sis ofbe predicted to occur at a site as a result of severe floods caused by dam tailures. landslides, or tsunamihydrometeorological conditions. seisnue aaisity , or
requires consideration of seisanc esents equisalent in

both. nty to the Safe Shutdown Earthquake * occurringsesThe Corps of Engineers for many years has studied at the location that would produce the worst suchconditions and circunntances relating to floods and
flead control. As a result of these studies, it has de. flood at the nuclear f acility site.

in the case of seismicalls induced floods along rn-
veloped a definition for a Probable N1asimum Hood ers, lakes. and estuaries that nwy be produced by(PN1FP and attendant analytical techmques for es.

eser.3 less sesere than a Safe Shutdow n Earthquake,
timating, with an acceptable Jegree of consers ansm,
flood lesels on streams re s ulu n g f rom hy. consideration should be gisen to the coincident oc-

drometeorological condinons An acceptable degree currence of floods due to sesere hydrometeorological

of consersatism, for estimatine seisnucalls induced conditions. This combination of esents. however,
~ shoulJ be considered only where the ettects on theflood lesels and for esaluanng the ettetts of the in.

nuclear f acility are worse than and the probability ofitiating esent, is prosided in Appendis A. ' Seismic
and Geologic Siting Criteria f or Nuclear Pow er such combined esents may be greater than an indi-

siaual occurrence of the most sescre esent of either
Plants, to 10 CFR Patt 100. Reactor Site

|Criteria. () pe . ANS' N 170-1976 contains tombinations of

The conditions resulting from the worst site-related such es ents acceptable to the NRC statt I or the spe-

flood probable at the nuclear facihts te p P N1 F , citic case of seismically indused floods due to dam
t aile res. an evaluation should be made of floodseismically induced flood, seiche, surge, sesere local
w ases that may be caused f f i by domino-ty pc dam

precipitation) w ith attendant w md-generated w ase ac
tivity constitute the design basis flood conditions that tailures triggered by a seismically induced f ailure o'

a critically located dam and (2i by multiple dam fainsafety related ,tructures. systt ms. and components,
whose failure during such conditions would constuute urn in a region where dams may be located close

a threat to the pubhc health and safety, should be de. enough together that a single senmic esent can cause

signed to withstand and remam funchonal multiple failuret
For sites along streams, the PN1F generally pro. Fach of the sescre flood types discussed abose

sides the design basis flood I or sites along iakes or should represent the up[ er iimit of all potentiai
seashores, a flood condition of comparable seserity phenomenologically caused flood combinations con-

sidered reasonably pmsible Analy tical tec hniquescould be produced by the most sesere combination of
hydrometeorological parameters reasonably possi. are n ailable and should generally be used for predic-

a Probable non at inMidual sites T hose techniques applicableble, such as may be produted by
to PNIF and seismically induced flood estimates on

N1aiumum ilurricane (Reis 1. 21 or by a Probable
are presented in ANSI N 170- 1976 and Ap-Ni a s i m u m Seiche. On estuaries, a Probable streams

N1asimum River Flood, a Probable Ntasimum Surge, penJis H to Regulatory Guide 1.59. For sites on
a Probable N1aiumum Seiche , or a reasonable tombi. coasts, estuaries. and large lakes. techmques are pre-

sented in ANSI N1701976 and in Appendis C tonation of less sesere phenomenologically taused
Regulatory Guide 159flooding esents should be tonsidered in arrising at Analy sn of only the most sesere flood tenditionsdesign basis flood condinons comparable in tre.
may not indicate potential threats to sa fet y - re latedquency of occurrence with a PN1F on streams. y stems that might result f rom combinahons of floodin addition to floods produced by sesere by-
tonditions thougM to be less sescre. i heref ore. rea.drometeorological conditions, the most sesere seiv
sonable combinations of lesvsesere flood condinons

' ' "
'The Corps ei l npneeri i t.+aNe sta a n 2 m 1 : 'd de'in o n i tonsistent lesel oI consers alism Such combinationsappean in may puNhahons of that agens t % h as Enpneering

Ctr.ular ! C l l lie 2 2 7, t'hant 1. I nc enre anJ th urn - shi*uld bc es aluated in cases w here the pri>babilit) (it
Pohoes and Prmaures Penam io omomanmss;4lu> their existing at the same ame and hning signithant
CarA rnes and f reeNard th an< es f- 1)an s i drur s !" s ongem is at lent aprable to that mmiated

b w oh the most ses ere h> Jrometeorolognal or senmi-
i he rs i n er s I r

d a rr s w hme laitures w oulJ tc ult m a ue; A art im of hf e and ___

j prope r t y A umilar Jc hnnwn f r Pr ba% sta simu n; I L. *is 'i k' t m m d a s , ot h r d Im nm icar po 4 cr plar.ts in s prendis
| gnen m O SI N !'o il76 st, 10 ( l R Pan lio
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cally induced flood. For example, a fadun or reia- wind generated w ase actnity constitute the desien
tively Wh levees adpcent to a ruclear fac * cmild bads flood conmtmns that structures, sy stems, and
occur durag this less m e n th:m the woru oc components important to 'h must be deugned to
related flood b'it euld pW u c con @um m " w withstand wahout : m pa' n n their capabihty to per
vere than those that would result during a greater form safety functons
flood (where a levee failure elsew here w ould produce a The standards for determimnp design basis
less severe conditions at the nuclear faciloy sitch flooding at power reactor sites contained in ANSI

Wind-get.erated wase activity may proonec sn ere N17a 1976 are conudered bs the NRC statt to be
flood induced static and dynamic cond:tions either generally acceptable f or om lear f acihties, sub ect tol

independent of or coincident with sesere hy- the f ollowing.
drometeorological or seismic flood-producing (1) Foot no:e I and the list of safety re|ated
mechanisms. For example, along a lake, resersoir structures, sy vems. and components in Set nen 11 1
river, or seashore, reasonably sesere wase action ofANSIN 170-1976 are not apphcable to nuclear
should be considered coincident with the probable f acihties A lat et pertinent cles ation s of safety-
maximum water level conditiont ' The coincidenct related structum should he pnniJed for companson
of wave activity with probable maumum water lesel with design b nis ilmd les els i shoulJ be referent ed
conditions should take into account the fast that suf- to nups and Jrawings et wt h ta ihues
ficient time can elapse betw een the occurrense of the C ) F"ot retc '' m Sa'un 4 1 1 of AN51 N 174
assumed meteorological mechanism and the IQ i; not VIA ab!c to nz! car i ahnes T he w ords

maximum w ater les el to allo w subseque nt sM shutdo n :n seshon a 1. ' ot ANhl N17a
meteorological actisity to produce substantial wind- 1976 should be mterpre ed to n.em ' sate turtailment
generated wases coincident with the high water lesel of operations
in addnion, the most sesere wase actisity at the site O) Se; nons 5 5.4 2 3 amt 5 5 5 of ANSI

that can be generated by di Jant hy drometeorologic il N 1741976 t mtmn rotercree s to metnods for es aluar-
activity should be considered l or instance. coastal mg the ermion t.ulure < d canhfill m ros ktill d.uns
locations may be subjected to sesere wase action and deterinining the resuhing ou't:ow hydrographs
caused by a distant storm that , ahhough not as seser. The staf f has feund that u. , of these methods may
as a local storm (e g. a Probab'e Maumum Hur- not be conscrsatne buause thes prednt slo ;r rates
ricane), may produce more sesere wase action be of crosum than thee that hv e hnti raa!!) occurred.
cause of a very lone wase-generating tetch The most Modificatons to the models may N made to insrease

5 severe v ase activity at the she that may be generated their consers atom hh modi, .on s will be rc

.

by conditions at a distance from the site should be siewed by the N RC sta!! on a case hy a.ase baus
considered in such cases in addition, assurans e (4) Instead of Sechun 7 4 5.1 of ANSI

should be prosided that safety systems are designed N 170 19 76, the t, !!ow mg should t e used.
to withstand the static and dynamic effects resulang '745 i Snus tur Heine Conudered in gen-

from frequent flood lesels li e. , the mnirnum operat- eral thc strm tures that rcco o be soauJcred f or
ing level in reservoirs and the 10-year flood !esel in the was A tn ine s are proh s In c dikes, w aterfront
streams) coincident with the w as es that a nuld be bank s and sh, res. auxihary and ontr< ' hmhhngs
produced by the Probable Maumem Gradient Wind' and other oft related f ehties, and nonaalety-s

for the site (based on a study of histoncal regmnal related ta du s w h. s f.nlore muld adsersch at-
meteorology ) fcct saf ety related t as:hnt

(5i Ihc terms 's M e shutdow n carthquake
C. REGULATORY POSITION ( SMi and -operanng baus carthquake (()HFi are

uscd m Sa tmn v 212 of ANil N 17h 1976 For the
1. The conditions resulting f rom tht w orst sue- purposes of ttus emle. t! e ,ak shutdim.n earthquake

related flood probable at a nuclear f acilrty se g INSE) and the opci an n; basis carthquake it IBF I
PMIE seismically induced flood, hurncane seis he. should be deternoned as outhnca tor nuclear power
surge, heasy local precipitationi with attendant plar.ts in Appendn A to 10 ( l R Pan 100

s ttn.n 10 1 of ANSI N170uo in m #1 of e

' Probable Ma urnum w ccr i e s el is 'et m d % ibe t 'orps et IW the f.h q A >uld be used
I ngineers as ''t' e muirm m still w arcr w st i di < . e ula s et

it I ( ,k m hi t t.su! In c is as allable it canah.Im al mnsident w a ve runu pi w hn h t an N pr -d , !by the m ~t
resers mrs. and relMcd sirm tures are usedsescre sombinaimn of 5 drometcoulq ual *>d or seismit

p a r.imeie r s reasonabh p.wb!c f.r a part u u!ar hseum %' 17) In4ead iit het t n'n 11) 1<d ANSI N 170-
phenomena are h ur ru rie s mosim sor t ' n. irty' l'1M b i dh'w ia shimM N uwd

"

mctr. rolqu al ts enn tsunami et, whi.,. wn . : ben-d
4 f .s A r .C ' e s e r e a m ' ll) 3 Res s 4 il s (iuhlarn e n as allable il .i re-w ah the phy sw al resp.mst , t a b. .d s

tuent hydrolognal sonJ:nons wedi p -A t a um a #ct b ei sets oir is m ed
that has s trtuall, no rid of beine cis t ded ' ,

"" "h' "' * *
'Probahre Maumum Gr adie rt w : .d i s 'c hr ed n a gr u crt

N IHi IQ and based i'n tk andy tn al in Mhjucsw md of Jey enard Ja.iii m. w hn h 1' re is , trt 2ai: no n a ,,t

c u redmg summm./a! .. A Mt Nlh) lY7h and Appendis H tai

T MF i
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(; aide 159, provides an attepiable lesel componenh as specified in regulatory position !
permisuble to t urtail operation of them _ ul n ,

e m for ests r.anng flood lescis t aused by abos e. it is
J t, w f acihty and mitiate suitable protectise measures pro-E1 ,eteorological conditions

lakeshores coastimes, and estuaries. sided thatm s.

Suttitient w arning time is show n to be as ail->u
aest;ue s of flood leveh resulting trom sesers

and w ase action caused by hy - able to curtail operations and implement adequate
surg wu hes

mal attmty should be based on criteria emergency procedures.
&mm b 'l hose structures. sy stems, and components,.

ogarat : in tonsen atnm to rhme used for PN1Fs
rama . O analyrical techmques prmidmg thn lesel necessary f or confinement of radioA tmt> during the1

emergency are designed with hardened protectne tea-(

. t,i n e sm for the analyus of these esents are
i

, at: m t m ANS: N I 70 197 h \ppendis C to tures to remain f unctional w hile withstandmg the en.

W t els.n t iuide i 59 presents an aueptable method tire range of flood tondnions up to and includmg the

the stillw ater lesel of the Probable
worst ute related thiod probable te g. PNIF. se nnu -

cally inJuted flood. hurncane. surce. senhe, heas y. umu
usu wrge (PNIS) f rom hurrh anes at open-

m the Atlantic Ocean and Gulf of N1esho
local precipitati;m). w uh comcident wind eenerated

astion as discussed m regalatory posnion I.

); ! onditions that wuld be uused by dam wase

anhquakes should aho be wnsidered abm e

og the deugn basis flood Analytical 3 I)uring the economa hte et a noticar latility .
that may

s Muanng the hydrologh e t t et t s of unanthipated thanges to the ute ensirons

ed dam tailures dne uwed herein are adsersely atlett the flood produt mg thar Aternth s,

!,

\ N NI N i lo 197f t 'l ec h niq ue s for ot the ensirons are pouthle i samples mtlude wn

ettes ts of tsunann w di be presented in struenon of a dam upstream or dow nstream of the nu

, n s M Regulatory (imde i 54 tlear t Aihty , or comparably . sonstrth tion of a hich
i

a: upsteam dams or other !catures that w ay or r.nlroad bndge and embankmen that obstruc ts
the flooJilow of a rn er. and constru< tion of a harbori protec tion are present. m addinon to

t the most ses ere t'loods that may be or deepemng of an emtmg harbor near a coastal or
lake sne nuclear t Ailuy< ohcr byJrometeorologh al or senmh N.cnit h antly adseise thances in the runo!! or other

I 'J u mable wmhmations of icwsesere
,ns and sennue esents sho dd also be flood producmg charaternths of the sue ensirons

! > rhe e xtent needed for a wrustent les el as they attett the design basis flood, should be iden-

l he ettet t of sut h t ombmations on
titied and us d as the hasn to deschip or modif y

mm
ditiofh at the nUCICar f acillt) site should emergency operating proc edures. il necessary. to

'

wheie the probahday of such nutigate the ettects of the increased flood
i m s.nes

Proper utilvation of the data and procedures in4s t urring at the same tune and has me
yuences n at least wmparable to thu Appendices B and C to Regulatory Guide 159 wdi

i-soaated with the mosi se s cre hy - result in PN1F peak dmharges and PN1N peak stdlw a-
n

cual or senmhally mduced flood For ter lesch that will in many cases be apprmed by the

oge streams. examples of act eptable NRC statt w ah no further senthanon T he staff wdl
, ! runott floods and senom es ents that t ononue to auert f or res iew detaded P\1l and PN1S

. i ne flooJ wnditions at the nus lear tacd analy ses that result in Icw tonsers atn e estimates

a o ned m ANSI N 17u- 197t> 1 ess sescre
than thme ob amed by use or Appendhes H and C to

aoetiated u nh the ahm. senmh Reculatory (iuide I% in aJdnion. presiously re-
A ceptable for small streams that siewed and approsed de t ailed PN1F and P\1S

anakses w dl wntmoe to bt aucptable esen thoughc h short penuds of t h edmg \ppendhes H md C to
!tes ts of coincident wind cencrated the data and protcJures in

io the w ater lesch assotiated w nh the Regulatory (iuide 1 59 rem |t m more wnsers ain e

cd t hiod pouible i as Jetctroned troni estimates

. d. 4'r e alhis e I shsiul ! bC addeJ tiit

the upper Imui of tio id pi tennal D. IMPLEMENTATION,

-dares are wntamed m Osl N lm,t

i k purpow of thn sestie, n to prmide inf orma
t r natn e to de ognine lw s, r e il p r. m ,

non to apphcants regarJme :he NRC stat!'s plans f ori

alct) iciated strus tmes. s y stenn. and uung ihn regu!r r ymde
t his cuide reflects c urrent NR(' stati pr A ti< c

i ncret. .re , e x cept m those c ases m whhh the appii
, - rrn nem m,w,-

t satcts gg , )
, g g hg. g,

s Ias 's d 's s' n !hs. sil. pr.

'' \'UU * WI Pdh* 'd b I WUUh.o o ., yace ca. y,

uonN re c ul.itions . the methods dewribed herem are, p. r <in
i < 1; ,a s lo .s !.! . r o

bemt and win mt m ic to be us d m the es aluanon i'2 . am r u , , .,.v ,

, - mroa+,i s ,

_

155 230



..

of submittals for operating license or construction REFERENCES
permit appheations for fuel reprocessing plants and I. U.S. Army Coastal Engineering Research Center,
for license anphcations submitted pursuant to 10 CFR Shore Protection Manual. Second Edition,1975.

9- l' art 70 authorizing possession and use of special nu- g 3 g. a - a UX W'eah Smico
cle a material at pluti3nium processing and fuel fahn- .Om 'Meolosal L'hamins of &cation plants until this guide is revised as a result of Probanle Masimum llurricane, Atlantic and Gulf

.

succestions from the public or additional staf f re- Coasts of the United States, Hurricane Research
V'#"' Interim Report HUR 7-97 and tlUR 7-97A,1%S
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