. = : -
UNITED STATES C: Feb 1‘3, Mcq .
ATOMIC ENERGY COMMISSION

WASHINGTON, DC 20945

R.
D.
L.
E.
J.

S.
J.
D.

Boyd, Assistant Director for Reactor Projects, DRL
Skovholt, Assisteat Director for Reactor Operations, DRL
1s¢, Dircctor, Division of Coaplicnce

¢, Case, Director, Division of Peactor Stancards

A, McBride, Director, Divisioh of Materials Licensing
THRU: P. A. Morris, Diresctor, Divisién,of Reactor Licensing

1wt
WEACTO? TECHNOLOGY }t-t‘.'f‘.')'m‘;‘!DU?J- COM3USTIBLE GAS CONTROL SYSTE!S EVALUATION
CUIDELINES

The ar3lesed Rasctor Technololy vompenadun (RTH) sets forth guidelines
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REACTOR THOLIOLOT MENIRRIDIM N0, 8 e
COMRUSTIRLE CGAS CONTRNL SYSTEMS > )

INTRODUCTION

It has been deronstrated analytically that flammable mixtures of hydrogen
and o:veen pas can Le penerated within the centainment of a larse, water
moderzated pover reactor in the period folloving a loss of coolant accident,
Buming o corbustion of these gases could result in damare to vital
systers uithin the containrant, or to the containment structure {tself,
This KTM establishes a requirement for installation of an aspresriate
Corbustible Gas Control Svstem (CGCS) in thone facilities for which the
potential for such an cvent oxists, and provides nuidelines for evaluation
of such systems,

Hydrozen genaration in the posteLOCA porind may result from fuel clad
metal-vater reactions, corrosion, end radiclytic decompositicn of aqueous
emernency coolina sclutions, Oxyaen i{s alco a prodect of radiolvsis, and
even in the erse of ~n i{rarted containment, its smensraticn em lead to
cordustible rixtures, For the pressnt poneyation of lipht-vater rover
reactoys, the tire interval vhich exists betveen a LACA and the onset

of flarmsble eas comcentrations is poverned orirarily by the eontoinment
free volume,

The COCS nust oparate to preclude {lav-able mixtures at any time sutsee
quant to the areldent, and must be eepeble of beiny started wnder DDA
conditicns in a tire which cenforrs to nradicted onset of corbustible
conecentraticns, As on encincered safety feature, a CGCS muct roet
presently accented standards of quality and reliability,

The effeets of all variadbles which govern ra'folytic Hp and 0) eeneration
ave not sufficlently well knowm to allcw accurate predictions te he

rnade of thelr coreentrations wmder eondlitions which risht exist after a
LOCA, “here are siriler wicertainticy pesociated with My senevatien by
patal-water recetions :ad earrosion, Tharefore, the nuidelines establishe-
ed bv this RTM ars {mendad to be uvied in curveat licensine actiens, and
they shall ba acendsd o3 mare, pertinent iaformation becuw 23 available,
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11, REOUIPSNENT FOR_CGCS,

A CCCS shall be required {f nacessary to provent damage to the containrant
or other engincered safety features from the wncentrolled corbustion of
flamnable mixtures of gases that might be accumulated within the ceataine
rant follewing a loss of cooslmt accidrnt, The neocossity for such a
system in a piven reactor facility shall be established by a conservative
estirate of potential post=LOCA gas conzentvatioas, This estimate shall
be mads using appropriate pararater valugs spocified by this RTM,

I11, EVALUATION GUIDZLINTS

A Cordyatihla C23 Sovzens,
The follosina wvaluas ghall be vied in tha daztermination of
the ecoxbustible nas gansration rrtas cad accusmlatiea within
the rasetoy centalnraut aftar a LOCA, Diatalled bases for
the selaected valu:s for each sotres ave cnclesud as Mooendless,

i Mabaleilatay Naantten (Aancndix A)
L I T I L. ) . -

"

)

B Azouwrs hat 5% of 2ircalor fuzl elad undaysous ratale
water yoactien o3 2 resuels of the dasian baszis 1LOCA,

b, Assura that cz¢h pownd of Ziveonium yields 7,9 fed Hy (ST9).
24 Correyian (Aapradix B)

Valus are puisantad for g2luming: ealy sines {t &8 2 ear—en
struetural ssearial ohieh ey attack by tha bosle colnticas
progesad for YR erareiney ¢ fd garan svstaa

(0,15 n NG| = 0,28 n 3 103, 12arpeas yanid corzosion
with tha evelvtion of voelativaely lavee quzstities of Ry,
(Exclusiva eonsidaration of aliaimia here should not pracluds
efferts to {dmtify othey vovress of Ny tnd 0, resulting from
corrosten or oitiny chnnlenl pacetionn),

A  Ascumgy that alvdaty eorradiz at the follering rotes

C " .('_r_'\~/‘\ t ~
(1) Suhjuet to sprvye, biste (pH%?) roluties 020 Lifvzay

(3) Noutyal or slfehtly coidie (M S54AuMgT) 0,02 In/anr

thet cach powad of alevimum wihideh gorvades vislds
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Radiolvais of Aavsouvs Selutions (Avpendix C)

Radiclytie g5 ponaration vates are deterninad by toking

the product of thz radiation enargv absorption rate in

the solution (ev/sac) zad a G, or yield, value (moleewlas/100 ev).
In tha post~LCCA pariod, radiolytic d2ccuposition of the
emavsaney coolant solutien {s exnccted to rasult fron two
radiation sources; tha reector covy, 23 the ccolant passes
throush {t3 2ad tha radioactive f{notones whieh becoina

dissolvad in tha cooliat ftself,

as Assuma the follcuing:

(1) Reactor Coiat 187 of tot2l cora pasma~ray encrpy
is absorlad by the coolant in tha core rapien,

(2) Dissolvad lzokepiss  All the semmneray ond botae
partiele “ivetie enaray frun 50X of ths ecore
vadlo«fodine invantory, sud 17 of ths tota
ficslen nomidlust inventory 48 shoorhed in the
coolant dliaetly,

b Aasvia the folleaing € valuss:

(1) PWR « {n enve ¢3¢ roluticn:
C(Ha) +» 0450 voliewlas/100 ev thoorbad
C(Oz) * 0‘?:\ ralacures /100 ev Heorvad
(2) BUR @ in curz ¢:d coluting #
(2) Firset 24.4hy parfed aftar LOCA:
G(Hp) = 0,25 troloculea/ll0 ev chsorded
(;((»7\ b 0013 ")1?‘(&!1‘?"‘./)(-'} cv ;n's;*orH:d
(b) Tii: oftey fivat 24.57 parieds
C{i'Y v 0,5 rad-enlel/109 ev zhaorhod
« B0 = 0,25 vilacuds 1160 ew thsarhed
i G valves foy o B'EL pve 381029 for thy fivse
day b2ied on data Jov ¢ ¥ £ Yoy Peprity gutsy,
d

ghic L the gasivat ety a6t be
pesvrad, 119 the hishsr welvy poalfas,
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C.

4, Other Czs Sources

Other sources of corbustible gases may exist and should be
identified and cvaluated on an individual case basis, Examples
of such sources are: :

8. Hy gas used as fual for a flame racombincr, which throuch
leakage, or incornlete corbustion, may add to the net
containmont nz concentration,

b, For en iuverted conteinrant, in vhich a high Hy concentration

may developr fellewing a LOCA, en air leck into the containe
rent could result in a corhustible ninture,

Bos Concantration Lintts

DR Y

Containrant gas mixture compositiens shall ba controelled such that
Jocal coacurront concentrations of M, sad 0, do not excesd 4 vio
(volurma pereont) and 5 v/o, vesnectiVzly, ‘the ceatainsint voluma
aversne concvrvent concentrations of Hp aad 0; shiall not encecd

3 v/o aad 4 v/o, razoectively,

Red-adacy pod Badislasten) saulvarnats

A CCCS must onavate to raintrin garbustibla ecas coneontrationsg {nnids
tha coataineaat within srpedfiad 1isits, and nust be cadcula of hiins
stavted end crzeated vader post-LOCN ecaditizas, Yeay schsvaa for sa
pixture ecateol, errleving differeat priucinlesn, sve practicrhle,
Techaiuure which hove already bean nronesad by easlicaats ava a

flema pecoshines to veduce the M2 ceacentretion, énd & contoinuent
purse aystes by which the ecntetlninng grs rixturs 45 exhiavsted to

the atwesphere and ia epliced by fresh air,

The CCCS ehall consist of eac or more commletely fudspnaden
suhaysiors, each hoving redundency of all active esmmonants and
each boing eaprble of varforring the requived ges control fimetfen,
A CCTT oparnting en th2 pure: orincisle fs simpla 4 raliithle, and
dn the evant of fiilure of the oth iy COCR wulavsios ., pu ern
elvnye b erairidoved a3 o rucentohle zlternctive e the ©oaeneial
conteinuamt dauye rareltine fron grs corhoatlion, Powwver, purge

fnvalvas the inteaticagl roleorse o7 he yrdioretiva condedirint
aloosplizva,  The rajor eonrdcderaticn teo b2 visd in evplustive the

pndiar gnd the eporaciag princip)s ef prevnsad COCS sybavaii=a ¢h: '}

be eatianted padivtion det~ to narras oo xid: tar suclerton goue as

& veault ol CUCS op vitlon, eod vocoible fodluves Sun Yoo o poanty

o et pielesinnes of 8 €00 hantd voael by et ity dawsn within e
iviits of 10 O 20, tven wih the fatlure of 200 sipa'a rrtiva eanvanen
in the zwalen, The Mafes of 10 €V 105 500w P drteratintne the
denth of niotoction Yo Yo nravidad Yo avates potwndaies a4 divor~ftv,
Ths evalvation weaecder? is nyvoontod fo- e falde iue g7, 1A

A



CGCS_REQUIRE'ENT FVALUATION

MIMINMUM CGCS PAOUT REMENT

Dy DP + Dy No. of Acceptable
~CASE | Subsysterms | Subsvstem Tvoes

1 1.5 Ren Thyroid ~300 Rem Thyreid 1 1 PSS
éo.s Rem Whole Body [™\ 25 Rem Whole Bedy
2 1,5 Rem Thyroid /300 Rem Thyroid 2 1 NPSS + 1 PSS(EY)
0.5 Rem thole Body |\ 25 Rem Tiyroid -
3 1.5 Renm Thyroid 300 Rem Thyroid 3 2 NPSS + ) PSS(r)
0.5 Rem Whole Body 25 Rem Wnole Body

. ——————— S ——— " o-—---w--r——-—»—.-‘-w—-‘—.- - e ———————— . —— —
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Colenlated yadiation dosr to perscns outeidas the exelusien zone
resulting from purping the econtoinont to econtrel corbustilbla GASES
concentrations,

o
2

Dy = Calculated radiation 4672 to parsons outsids of the exelusicn rous
resulting from conteinmant leakaca after a Dosisa Rasig LOCA,
rss & CUCS subsyctem erploving the purse srinciple,
7 240 !
NPSS = COCS sulyysten erploying a ohiysical priuciole other than purpe,

F3S(xU) = COCS subsysica coploying the vurye principle, but uced enly
as backup in the evant of failure of enother subsysten,
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A eingle CCrS subsystenm employinn the purse principle shall be
acceptable {f the calculated douss at the exclusion zone as a
result of its coeration are vithin the limits speeified by

10 CFR 20 (CASE 1), 1In particular, the onz-vcar-averasge dose

at the exclusion zone boundary for this release shall be less "
than 0,5 rem, whole body, and 1.5 vem, thyroid.

If the calculated dose as a result of purging is grcater than

the 10 CFR 20 linits, but the combincd aceildent and purge dose

is within the puidelines of 10 CF2 100 (CASE 2), at loast one

CGCS subsystem using a prineinle othcr than purge shall be requir-
ed, As a nininum, a sinple back-up purge subsysten shall also be
required, '

When the corbinad aceident &ad vurne dose excends the 10 CFR 100
guidalinaa, (CASE 3) at lesst two CCCS subsystors vsine princioles
other than purse shall be recuived, As a nindiva 2 single hackun
purge subaysten shall 2lso b2 roquired.

Nateriinatinn of G23 rad Radinetivity Corcantroticns
e e e L ke pro— - - AR I D I

— -

i

A oystem shall ba aveilodble fou the detarninarion of the N2, 02, aad
radionctivity cencentrations within the eentainront, The svsten ehall
consist of ut lozut tve subsystors, esch of which rrets desicn
yadvada ov, oad veliahility sizndavds eauivalent to those ¢ redlished
for tha CCCR, sad ench of viiieh s cupadle of indnzadont sarforrance
ef tha roguivaa fuvaetion,

For cach sabinyaien, sufficisat collectieon pointe within the containraat
shall bz providad to cllow & reasonziile deturivinction to be pude

of the avuvene ras ond vadioactivity concentraticns, and collaetfen
points shzll b2 loizted dn arcas of sussccted hish locel ecaceatraticas,
The tir: required for the deterination of gos concentyatiens shall

B2 eorigisurats vith the couszrvatively micdietad vate of eordumtibla
gas gencratien and sccunulation, Th2 aceurasy end performmce of gas
emceentration measuring dovices, in the roaee of the gas eeoncentration
Irite (3<4 v/o Yy &8 vie 0y) shall bs ¢ -conntiated to Lo sulficlent

to aller conccotvetion pradlerion. to * 0,2 vie, of vithay pas vadey
poast LOCA ererLtipe eunGiticns,

Subsyators vhish raravh alyboas redicactive material fyon the enntnine
gant, shall Lr disleaed tq acearsafiate esazarvativily prodieted activity
goacmatriticas, Concidgyerions showle faelwls yodistion axoonure to
Sparoiars, vall: tlon soaitoving, the ability ko isolets Linds $4 ¢he

.
cvent of fotlece, oo tha effoct of yediction ea the secugecy of the
t

ceaganty.



E. AddgcignaL D:3isn R*agizonnqg:

The CGCS and the systen for the daternination of gas and radioactivity
concentrations shall cornly with the follewing additicnal design
requirerents: .

1. !ﬂW;

Each subsysten shall b* canable of accornlishing its fuaction
wvhen operating on morr:l (off-site) power or when oparating
on erergency (on-site) pnwcr.

2, Isolatio
Fluid liras vhich nsnetr.tc the eoatainirant shall eoply with
the feolatien valva voguirerants establishad in the Cuaoral
Pasim Critevia,

. Seruectursl Dagden
L -_as VA W

The systen shall be deaicaad 25 a Class 1 (saisrde danien
eystem (ace ¥il=3), Tha systen ehall ba dacicncd to withe
etend natvral pheasemma othor then earthausties (.o, tornadors,
gea KTlel) in :“' 5?'§2\T with eilay applierkle fovesn cucent
that these othar naturs! phisnc *sa nesd net b2 coasidived as
occurring ai u\L:.'»;~l vith thy lovs~ofegoolral aceidant.

b Shoving
Syatens, suhaysters, for eorownaats tay ba shinrad botvsen
wnits for a wvuleinle plone facilisy, Withia o vaie, rheriag
vith 025.“ systens shall ba allered £F 4t cin b2 rlfn“uW"ly
damensg uird: (a) that the queality steadavds of all syste
are cq 1"‘1 e, sad (b) thot the full daaica poteatial of aJl
systems requived {ellering ¢ ceocident een be provided,

I

- -

ALl carpeasptn shaYl, 73 & nind y b2 fasignud and fivricated

to tha Letest opylicihle endes rad quality gasursywes standavds,

. ' 1o : S o W a
Tuz systera ahel) b2 duslgnad to fencticn fn thn postwrceideat
caviron at coad the efitetn ennsidared shorld 30 eluds nira
valpiadng, vieai ¢ s Eaa)rat B y clifnels,
el the nrescuya, Goanyitera, volaturs, vediovetlvity oud
cicndeal costitlo s yaartuing fyer a Yronsofwcoadont sceidout,




To the extent practica) reduidont subsysters and/or conpo~-
nants chall be placed in different locations to ensure that
danage in a specific area will not impair the operability
of rore than one eler:mnt,

F.  Controls and Tnstru-antation | g

Provisions for asutomatic initiation of the CGCS need not be
required, unless the predicted tire to the caset of excessive
combustible as mixtures 45 so short (~1 heur) as to preclude
-assured nenuel starteup, Systen controls and instrumantation
shall be designad to protecticn systen staadnrds znd shall be
adequite to detevmine the poerformance of tha systen, to indicate
corponent feilures, and allew for switching to nen-~failed sube
gysters, Redundancy requirerents shall be similayr to thase for
the CGCS systew as 2 vhola,

Go  Rallure Nods ond Ralichiliry Anelvees
Cormarative valiability mmelyvuss shall be used as enc rethod of
supperting the choic2 of a prenssed CGCS dosicn and to deraastrate
the effect of prepesed sharing en reliability, Faidlure rode
cnzlyzzs shell alse b conduntsd to feronstrate that durine
oparsiion, the COCS crn aseorsadete the fellure of snv sinxle
getive corpouent, end &Cill fvlfil} its required funeticna,

- " Porfer--aes Dresugtvarisne ond Perdnlic Toantine
¢ l‘c.wuhniqnq. v ‘. L . - - .-

— - e . - - -

’5

Fach es novant of
ehiliey to 1ast ¢

CCCsS shall bhe tested to deronstyrate it

ts f

speetfled li=dts v
{
“©

tivapl voelovmance reavive oita within
avirenrantal eenditicis viydch sinulate,

€3 naeprly g3 vous hosd waieh would ceascrvetivily be
caleulnted to cud ' Jocation follewing a €:5inn banis

LOCA, These inclvde, ¢s a rniudlion, conditicns of toosratwe,
pressuve, relotive huwddity, containvoat spriy, exteinnl radietion,
end eir borne or gascous radioactivity,

Perfovr-ace dermmetrations shendd dnclude osovatics wader simulited
peeicdont esnditieans far paviods of tive 4dn ¢ss of those for
whieh ths eon sniad vieht bo pocdad, d slovld fidieile frevdan
from uyvesloratic fofluve nodag whlel might pisolt in the loss of
reduncsat cor cats of thy cystan or sadbasiem,

An Inetfellod €COLS 2031 be unviodienlly tested o drionstiyalo §ts
cot favnd ebilily Lo pivdo Lty Goel Frartdon, St fests

i A
ghall incleds enarotd of the culirs eyputey, sndd to an giest a
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degree possidle shall sinulate post-LOCA conditicas., This
requirerant is not intended to specify that hazardous, or near
hazardous gas mixtures be ercated for such tests, but that
sufficient combustible gas {nnut be simulated to demoastrate
mininum accentable CGCS performance,

The testing schedule for a CGCS shall, in general, ecenforn

to those for other vital enpincered safety feat.res, although
more frequoat tests may be reauired {n the case of a systen
whose reliability has not becn deronstrated,
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I1.

II1I.

TSR,

APPENDIY. A
METAL-VATER RZACTIONS

INTRODUCTION

The three wajor sources of combustible gas evolution in event of a LOCA
are clad-vater reactions, corrosion, end radiolysis of the post-accident
emargency coolant, This appendix discusses the extent of clad-water
reaction that should be ascumed in evaluating the acceptability of
proposed combustidble gos control sy:stem designs.

RL'CO: "% .I'D! i I(m

Ve recocm:nd that 5% of the fuvel elad be essurad to undergo & rmatal-water
reaction as a result of & desipn basiu loss of coolant accident, ani that
the hydrogen gas evolved by the reactfop be considered to appoar at the
tims of the LOCA.

t?:‘JUJIC’ '
e . - - m—

It 15 genorally sirosd that the caleulstions) =5101s wsad By erplicunts
(enl resetor venlors) to prediet 7CI3 joerforsanes tre consoivall
Sueh ealeulstisns indicsnte that cven dagradsd E008 perfornence is
sufficient €9 yoostriet ravimas elat tasriratures %o $ho raney of
v o §-

?7.3 RS0 *F for a desgipn 0“3'. wocd, rrd $0 linit the conerslinnt a1 s
ehladsvater ‘reassion ¢ a £ ﬂ‘t" ue & pevesnl of le;s. axyerirante)
Foad bl eolatad Lo spacific pf »na of tha madals tn ure topl 0 vorify
thair ssaservative asture of th..~ pariions of ke nsdals,

0 undcr asaunptions are maly in ensliyliesl roinling 9 prodlet 2273
erforaance: (1) that the oripinal guwr> hett tranalsr pesratry is
retainad durdng the LOJA, erd (2) that tha grosn and logid hwiradync~ic
bahevior of thg eore Suring the BloAdvn sl refilliv: transiants een
b2 conservatively aredicted. 1L is suvious thot thoey gesurytions
intersct. It 1z aled apporent that ha pocuracy of any predisiions
muels by the modols s depandent upon thr velildity of the esaumptions

Puel elad perforatiuns eve predictad Lo occur cxtensively in 2 reactor
edore undergaing a LOCA. The exzet nature of sush porlorationz, by

brllooniry or splitting, haz pot beomiesrnletaly resalevsd dwpuriventelly,
In cither case, the perdorutivy sazpoiends a 1raz) dovmture frog the
originil eire gaotatey rud & posalhie flow o o A wibient
perforetion way cufee drregpe to il 92l rode ant logs) o
pestrietions, w5 & 3wt of & sinplio C orforelven, couid 3801 Lo
addition:) fellures of allasent volss Toth ef thiae events, &8 vwel



as other core scoretry perturbations, provide mechanis=s by which loecal
failures can propagate to affect a larser arca of the core, As reactor
power densities increase and power distributions becone rore wniforn
the potential for failure propagation in high pearformance fuel reglions |
will be increased. The flow restrictions end impaived cooling canacity
associated with such failurcs ave not considered in ECCS models,

Successive flowestavving and cooling of machanically disturbed core
regions could nrovide the initiation source for "chuzeina", or euolant
flow oseillations, Such flov oscil)ations have been ebeerved in scale
vode) blowdorm tests, but are not accounted for by ECCS nerforrance
models, Larpe scele flor cromolics nay be caused by systems-rel ated
effects, such as steam-binding, to further cast doubt ea predicted
core cooline czonhilities, '

Experimantal progra=s sponsored by the ARC (FLEQUT, PIUST, and 1.0FT)
and by the vurious aonliconts are vadarvay vhich mav reselva mpay of
the aveas of coacera ¢n the nrediction of HCCS vovformance, Peurwar,
the exosrinental datsa preseatly availadle, while cxtre-:ly velushle,
arc not sufficient to verify an anslvtieud rodel of the dlewdows
acclidont incornavetinm tha poav potontially sienificent dntaractions,
vhich ray cffeet core cesling and subsosuent matalewater reaction
predictions, |

At the other end of the ECCS poerformance sccle, there ave estimutas
vhich indisste that furll core ralt, ns a reswlt of total FCCS failure,
would be pecammanicd by se:2 25% to SO% elnd mataleuwaier roascticn,

W, LNGISToNE

Whea the serfornznes of ent engincorved safuey feature stroanly Juflumncas
the fuseticasl perfoimsnee reevireo vmete of a2aother, wo believe tha,

these verforounes vequirerants should b2z based on the assvuntiea that

the influenciue syston nerloimience s drgrodads The extont of deerada-
tion should be gelected on the basis of kaovm and assvred werforuance
caprhilities, The perforneace of the ECCS struncly effects the srauat
of hydreusn that nirht be evalved from edod natal water reacttiens

guring tha 1082 Thie hydieson, in tum, seyves 02 Janut fu extahlishing

H
the functione) perfovmeacy reauwdrzivnts f tha €S, Tu siév of the
vnesrtaiatl concorYikue BACS nerfoianes h‘{'(l:(’\'f-".". v conelplda U\.‘L.
for the oureese of oviliwting Lhe scgsntedlity of o COIS, it 1< roccon:tile
6 2ni=c that the TR susformrtcs i dinrodnd o the exient that
eala2utlstioss of svbeearaat eeaty »Hh ony i TavaY drepifatica veuld ba Rielkd
guast isonhls e dollavs that, f gyt d2sdouio g oeeie 1ol af 10 Lo
52 establiches such £ Yirly, Porthor, ve Galicva a eatadevator vanetics of
£hov: 52 dx vt opn o pavenaom e vati s te strectinte with noeara 2ol of this
|atnitedz, On this hosts va have yod tat thiot 2 5% cladesavsr veastian
bae issvozd far Lhe nurnase of evaliatiay wiemazed gooheiihle nas contyval

!.'.f.’.".‘4 9



APPENDIX B
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I. INTRODUCTION

S8ignificant emounts of hydrogen can de generated by the corrosion of '
aluminum under post-accident conditions. Reesonably conservative aiuminum
corrosion rates should be assursd in order to predict this eantribution
to the post-accident hydrogen concentrations within the containsent.

I1. CORNO3ION RATZ3

The corrosion retes of several slunminua alloys hrve baen messured for
spray and frversion eonditions, using basic solutions of the tvre proposed
for FWR e=2rgency cooling and containmmmt spray systeus (Raference 1),

The ecorroaion rates vere high (150-200 nil/yeur for spray, ani 29-100
nil/yesr for fwm.eraion contitions). For the purpose of eveluating hydrogen
generatlon dus Lo corrasfon of sluminun in 3osh-100A situztizus {n vhieh
the nsterisl is exnosed to sprayed, basie solutions, vo belizve thit &
eorrosion rate of 200 mil/yesr shauld be nosuurd, For alumirum totnlly
feeneraed in basic solutions, we bh:lieve thet a rate of 100 uil/your should
be easunnnd,

The eorraaion rety of elwalnum in meutrel and s)ihtly seidic aunus
solutions (9\ pl<7) is gororelly Yo, of the ordor of fracti~:s of &

¥ - . -~ ” = .

oil/yanr to soverul =fl/ysu: {italersnses P ard 3). Eosevey, tha
Pates vy O dnerendod by incrensing the solutian terg sratlurs oy ehunsling
the chanlendl ganpasition of the sodutions, W2 balieve (hot euredsion
rote of ¥ vilfyesr ehovld ke tasurel fov nsut=el or slizhally seidls
solvtioma, This value is eonzervetively Wigh, bat {8 not resirietive.

Ruinum corrasion results in 19.3 i3 (S7P) of tydrozen gra rir pavnd
of netal eonsuwad.  For thin eduninu~ Se0Siong, such 13 @ reflective
covering on {maulutlion, corpcslon-pralucsd o need only Bo esnsidored
unlil the scetion has been eduletsly consusad,

5
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. RADICLY' [C CIUIRATION | D OXYGER

OF INYDRoE!
i

INTRODUSTION

Hydrogen and oxygen gas will be produced by radiolytic deconporsition of
eunergeney core €30ling solutions in the post-LOCA pericd. Oas generation

in the core region rehultina from solution radiolysis induced by fission
product garns radiation is & certainty, Sinmllarly, reliolytic gas gensration
will result from fission preducts whish are released frow the eore amd
become dissolved, or suspended, in the ensrgency ccoling solutions.

Relisble predictions of radfolytic gns |
of the emdsunt of radiation ensriy wbesrd
& G-value relating pas moles gensrated e
principle, the emount of ensrgy abaortad ¢
data now evailable. G ovalues, on the othor h‘"'

roduetion reguire the knouledra
>4 in the cuolinn solution erd
3r uni' of ebsorled erersy. In
n be caleulsted from basie
ore eor. "6‘" fnq‘c !' "ne

of muny vari bles =wil rust L c..l:.c iy d"‘znlu:i. Poprwrotays ?w;wn,
or balievad, to effect Gevilucs dmeduls 4hs limine ¢ eroy treasfyur (137)
of the raliatiza in cuestion; the ehe "ic" earssition srd ¥ of the
SOlutisn; touporeture, prosaurs, flow rila, s=al stern production rate

in tha golutin ap end thy relotive gos pnd ligudd hzse valumss of tha
irredisted gystema (Fofererces ), 2 end 3).

OO BITERIY A™RCm~ (0.

Under the sscunptlon that the rernetsr eara rotad Lé promegovidont
gatvatry, thuy syate:n i «hi absmtel Suoepy enlendation rout b wmtde
is fixd, 3 25 fo By suve : e S aril s ¥

43 essartlally w3 Alpses eoabribution %2 ke shedvded 3 ¥ in enaling
solutions dus ¢9 fissism sraluct bots peid tan, valeh v awsorisd fn tho
fuel rods (Taferencaz b enl? §5). Thw duus of Dsitat, et 1}, end Datgiak,
ean B2 uard o sbiain su ety pepvaralation of thh ThaLeslutisum
gasma.rry Intonaily w3 & funclion of graias-ray epsrgy, Sives of oragation,
end perieds of shutdown (Pslerrces § pud 7). S2dectad ropresentnticns
of thees reavlts era given in Fizatves ) &nd &, Tor & 3200 Ll reccter
with a 2-ycar operating listor).

Eatiestes o th froevion of fisiton peciast o b Y23 BTy shEsort el

by coalani in the c" cusiny savemt ) @ silatianal ot & eaasE I

0.03 t2 0.2, (: a %, % ind @) i Al e detions rosulsd

in valus; o' G- },. Bane af k- endewd ot 3 Favle 2 €% Lovie porgridag
& p:cci C“>;:i,1:'. P ias ety BeI T it I 20w bReg B Jinoy
they i OX dnavgy omrpllon oAks ool due By srenifipy of fost
such &3 C "*w giiet . 1 p &l PR o SR ' redintim
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' from the fucl duc to electron cnorgy loss there. These sccondary effects
. vould increase the fractional ebsorption of fission preduct en:rgy by
the coudlant,

We believe that a value of 10% of tha fisafon product gouma-ray ensrgy
| should de essumed 1o be cbiorbed by cooling solutions within the core
| region, with no corrections made for the releasa of gascous fission
| products from the fuel, as n reasonably econservative value for radiolyais
. evaluution pumrposes. ¥ ¢ 1 gives the integrated gawmma-ray ensrgy
; release, from 103 to 10 sccon s after shutdovn, for e 3000 1%t reactor.

I11. JIN-SOLUTION EHSACY ABSORPIION

—————— — e . —n = et o

The amdunt cof radiction ercrgy absorted by the crergency coolent due to
fissicn produets dissolved or-suspondel in it Qapands dirsstly on the

- release fructions from the c¢re and the degree of upleke of the releascd
| isotazes by tha eoolent. .
or Lhase isotopes which bodoms dissolve? zr suzysnded in the econdunt, &
real latic wet concorvative prosodura §s to as vasi al) 3 Ltaneray
enargy and that frastion of Lhe t21e doony energy eppetring s kinetie
ensrcy of belseporticles ( 33 ) 4 etsoresd by the o e
Ve Lalieve that for the purpics 07 evnlu n3 d4reet rediclvtic 2ts
productiion in th- :::iaft. SZJ of ell rriizioldiras and 15 of adl oty
Fissiea protyets Injtially in the core shiuld To asvwmad 45 be Alusalval,
| or suipinled, in the paLlarh. 4 \ 2 abs . usiaten LRais pead
e in the past fop ancidant evalusticon yurg & {afa =0 9)¢ B33 3:4
\~ energy shsarytion ny o tohen directly fron Qurve £ of Pizire 2. Qo
| of Fipire 2 43 the sunm ol b ¢ Py I bateapurliiele vrorsy 1ol
by 1%t o al) fizsitn pro
IV. ”l. 4'..'"'3
| Valuss of C(Hz) ani G(0p) il v od by OO, wsing ceviral) Lpplesd
P’L &"‘?‘ saly tionz 3 LN Lo € 50 £ » ji,'_‘.,:d?) PR R wh N \'.'1’), wvith
| Very’ag Brastoslledd yhuisr ratics (Pzferaorca. 3 01 10).  %hs Jstest
deer Indicals GY ) vilues in the range 0.2-0.5 moleevles/ill ev, with
| stoichometyric amosurls of oxypen producel (G{0p) = 0,1-0.25 maloculss/100 ev),
l
| U na Inbograled onirrl ratonea vus Lriealataa uatey 1 1 madad
Yy ¥ .4 l":fj| ppre ey . & . R L . | o b § . 4 2, . » yof ~ 4
T:L A-F Jesign grodust g ray SR 1 G TRk LS szl
10 e L2 0T soe, Whie Lisre of LA muisl &n? | YN o

- - - £ g = v -~ S . v
Referenze: o anl T Tor o Jrur : -4 ¢ BMlwop £) 1 in Vigars )
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except in the case of a3 07 s0lutisns in which an Q2 scavenging reaction
give rise te apparent nofefivc G(02) values. A vast significant result

Of this and othir work ic the depenlence of was production on the chamical
composition of thr irrediatad salution (Referencs 1 amd 2), 1In general,
C-values increase as the solution depurts frow "pura" water, '

Since the OKNL work used only Co-60 gomosa radiation, the effect of radiatisn
"quality" wus not deternined. In a reactor sceident situation, a large
portion of the raliation cnargy absorbed by the cooling solution wil)

be delivered by electrons of lover energy thsn thass resulting frow Co-40
gamna rays in veter (lofererce 11). It §s expoctie) that C-values would

be sowewhat higher £or the lover energy clectrons (higher LE2T), (Refevencs 12).

Ve beljeve that the follewing G-Vulu?:'arc regsonably eonservative ani

should bte essumad for radiolysis evalustden purrass., fThs use of trogs
values 1s recorzanded in view of tha laek of cousleis experivontel dats,
ani the faet that the chenlztry of ensrzeney eor cioling solutionz wey
not bo coatrolled during the rost LOCA pardod (Referinse 13),

o %

. F ol L

Nornzl Velues

AT i e Py S

C(¥2) = 0.5 melecules/100 ov

Spaeinl Valuas (Use vhon "sure" veter ea b2 o33u say 0«23 hrs efter ! )
C{i,) = 0.23 eoleculas/100 ¢
[
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P ’ UNITED STATES GOVERNMENT
Memorandum
TO i Those Listed Below DATE: January 29, 1968
Vi

FROM : Saul Levine, Assistant Director for Reactor [ |
Technology, Division of Reactor Licensing. ~

SUBJRCT: REACTOR TECHNOLOGY MEMORANDUM NO., & -~ EMERGENCY CORE COOLING SYSTEM
EVALUATION GUIDELINES

DRL:NG6STB:MR RT-331

The attached RTM sets forth proposed DRL evaluation guidelines for
emergency core cooling systems of large power water ~eactors. Also
attached hereto are the bases for these guidelines., We will forward

to you in & day or two, another document which contains a discussion

of the system changes which should or could occur in PWR's and BWR's,

as a result of implementation of the proposed guidelines. It {s requested
that any comments you care to make, as & result of revieving these docu-
ments, te forvarded to Morris Rosen by February 13, 1968,

Attachment:
RTM-4&

Addressees:

R. §. Boyd, Assistant Director for Reactor Projects, DRL

D. J. Skovholt, Assistant Director for Reac,or Operations, DRL
Lavrence D. Low, Director, Division of Compliance

Edson G. Case, Director, Division of Reactor Standards

ce: P, A. Morris, Director, Dal <<
Branch Chiefs, RP
Branch Chiefs, RO
Braoch Chiefs, RT
Assistant Directors, CO
Branch Chiefs, CO
Branch Chiefs, DRS

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan

seotorra- | p.
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LIST OF GUIDELINES

Emergency Core Cooling Definitions

1. ECCS Functional Requirements

2, Margin Requirements

3. System Requirements

4, Redundaa.y Requirements

5. Isolation Requirements

6. Sharing Restrictions

7. Reliability and Failure Mode Analyses
8., Design and Quality Assurance Requirements
9. Eavironmental Requirements
10, Actuation and Control Requirements

11, Testing Requirements
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Esergency Core Cosling Cefinitions

The emergency core cooling system treated below comprises (a) the water
storage facilities and the water and additives to be delivered to the cors:
(b) the piping, fittings, valves, pumps 1eat exchangers, {njection nozzles,
spray headsrs and associated equipment required for transfer »f the water
from the storage facilities to the core; and (c) the piping, tittings,

v- es, pumps, heat exchangers and associated equipment required to transfer
tv. 2 heat to the i{ntermediate heat sinks (e.g., service water system), The
guidelines which follow also apply to the functional requirements of the
controls and instrumeritation required to actuate, monitor, and control
emergency cooling of the core.

Systems intermediate to the ECCS and the ultimate heat sink are not covered
by these guidelines. However, the plant design should provide at least two
methods (intermediate sinks) for transferring heat to the ultimate sink for
long-term cooling following a loss-of-coolant accident,

The electrical power systems required to drive the ECCS are not treated by
thiese guidelines.

Active components are those whose mechanical operation {s required to cou=
«rol the flow of water (e.g., pumps and all valves including check valves),
All other components are defined as passive (e.g., locked valves, heat
exchangers, pressure vessels, :anks, and piping).

A loss-of-coolant accident is any de.. ~=# {n reactor coolant inventory
greater than that which should be accommodate. -, either normal coolant
charging systems or normal reactor shutdown, i.e., any coolant loss which
requires actuation of the ECCS and reactor shutdown. The normal ccolant
makeup systems rhould be designed to cope with a range of small, articipated
leaks, such as failed pump seals and valve packings and broken instrument
lines, without the aid of the ECCS. An orderly shutdown of the reactor
following these small leaks should then prevent any core damage.

The core, core supports, control rods, control rod drives, and other reactor
internals should be designed to accommodate the maximum blowdown forces and
related phenomena resulting from a loss-of-coolant accident {n combination
with other applicable loads without impairing the abi.ity of the ECCS to pro-
tect the core in accordance with these guidelines. HMore specific design
requiremsents for these components will be provided in other documents.

1 - ECCS Functional Requirements

In the event of a loss-of-coolant accic'nt, the functions of the ECCS are
to (a) limit the peak clad temperature = wvell below the clad melting
temperature, (b) terzinate the temperat) re transient before the core geometry
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necessary for core cooling is lost, (c) limit the fuel clad-water reaction
to less than 1 percent of the total fuel clad mass, and (d) reduce the

core temperature and remove core heat until the core will remain covered
without recirculation and replenishment of coolant, The system shall be
designed to perform these functions fur all sizes and locations of breaks

{n the reactor coolant boundary up to and including the instantaneous
double-ended rupture of the largest coolant pipe (this break range is herein
referred to as the break spectrum).

2 - Margin Requirements

For small breaks the ECCS capability ehall include deliberate margin in
performance above that which is calculated to be required; this margin may
decrease with increasing break size. The margin provided shall be in addi-
tion to allowances in the system capability to accommodate such anticipatel
factors as leakage from components, core bypass flow, spillage from a rup-
tured pipe, and delay in system initiation. The calculation of required
systez performance shall identify those parameters which significantly in-
fluence the results and shall demonstrate that these parameters have been
suitably treated in the calculation to assure that the functional t2quire-
ments are mat,

3 - System Requirements

The ECCS shall supply coolant to the core for two conditions: (a) short-
term cooling (until the recirculation mode of ECC is established), and
(b) long-term cooling (until ECCS operation is no longer required).

For short-term cooling at least two subsystems shall be provided, each
capable of accomplishing the ECC functions., If a short-term subsystem

1s based oo a stored energy concept (one requiring no external cortrols,
signals, or power for its operation), only a single such subsystem need

be provided if it has sufficient redundancy. For long-term cooling at
least two ccmpletely indepeudent subsystems shall be provided, each capable
of accomplishing the ECC fuaction.

Short-term subsystems shall provide coolant injection to both the top and
the bottom of the core. Long-term subsystems shall provide the following
capabilities: (a) coolant injection to the bottom of the core, and (b)
~4ther distributed coolant injection to the top of the core or a cavity
around the reactor vessel which will ~uickly be flooded to a height above
the top of the core.
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In evaluating short-term subsystems, only active component failures need

be consideied to assure that a single failure cannot disable both subsystems;
failures of -heck valves to operate need not be considered provided the design
of the subsys.ex permits frequent testing of the operability of these valves.
In evaluating .ong-term subsystems, both active and passive component failures
shall be considered to as..re thar a single failure, by any mechanism, cannot
disable both subsystems.

Each of the ECC subsystems shall be capable of accomplishing the ECC function
when operating on normal (off-site) power and when operating on emergency (on-
site) power. An exception to this requirement can be a reactor coolant makeup
systen (e.g., BWR feedvater or PWR charging) which is required to be running
whenever the reactor coclant is at operating temperature and pressure and which
is ceapable of operating on normal power following a loss of coolznt accident.
Suct a system can be considered as one of the short-term ECC subsystems {f {t
complies with the remainder of the guidelines, herein, and {f the second sub-
system has active component redundancy.

4 - Redundincy Requirements

The ECCS shall have sufficient redundancy to permit surveillance and repair

of the principal components (e.g., pumpe, turbine drive units, heat exchangers,
and stored energy tanks) without decreasing the number of short- and long-term
subsystess required by Guideline 3 and without decreasing the performance
capability of these subsystems. An exception to this requirement is that one
of two subsystems may be incapacitated for a period of up to 48 hours for re-
pair of components provided that during this period the emergency power source
is continuously operated and the rema.rine subsystem is tested for operability.

Redundant subsystems shall be located in different compartments and protected
individually to insure that flooding confined to a specific area will not im-
pair the operapility of more than one of these subsystems.

A stored energy subsystem shall have sufficient redundancy to accommodate
spillage from the reactor coolant system break without decreasing the performance

capability of the subsystem.

All emergency core cooling components located within the reactor vessel shall
be completely redundant,

S - Isolation Requirements

Each line vhich carries emergency core coolant into the containment shall in-
clude at least one isolating check valve inside the containuent barrier and one
automatically actuated isolation valve exterior to the containment. Lines which
carry emergency core coolant ocut of containment (such as those lines from sumps
or suppression pools) shall include automatically actuated isolation valves on
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each side of the containment barrier. Where isolation valves inside con-
tainment are considered to be impracticable, these outflow liies shall have
special isolation provisions (e.g., double containment of the lines and

the exterior isolation valve, etc.).

Actuation of the isolation provisions shall be completely automatic and
shall be initiated by signals of suitable d4iversity and redundancy (e.g.,
flow, radiocactivity, sump level, etc.). Indication of coolant loss from
the ECCS shall be provided in the reactor cantrol room so that the operator
can ensure that the failed subrystem was automatically isolated and the
second subsystem wzs automatically started. ECCS components located
exterior to the reactor containment shall be housed in a structure which
permits venting of releases through iodine filters in the event of ECCS
leakage.

Each emergency coolant delivery line which connects with the reactor coolant
system shall include a check valve which shall be located as close as practi-
cal to that connection. There shall be no branch lines or valves in the
reactor coolant pipes between the reactor vessel and the point where an
emergency core cooling system connects to the reactor coolant system.

6 - Sharing Restrictions

Except for the ultimate heat sinks which may be shared, no feature or com-
ponent of the ECCS in one reactor facility oo a multiple plant site shall

be shared with any system in another facility. Within a facility, no sharing
shall be allowved between the ECCS and other systems unless it can be rigor-
ously demonstrated: (a) that the quality standards of the other systems are
equivalent to those of the ECCS, (b) that the full design potential of all
systems required following an accident can be provided, and (¢) by frequent
testing that there is a high degree of assurance that the systems and com-
ponents will perform their ECCS function satisfactorily when req:ired.

7 - Reliability and Failure Mode Analyses

Comparative reliability analyses shall be used as one method of supporting
the choice of a proposed ECCS design and to demonstrate the effect of proposed
sharing on reliability.

Failure mode analyses shall be corducted to demonstrate that no failure of a
single active component can disable both short-term subsystems, and that no

single failure of an active or passive compouent can disable both long-term

subsystems.

OFFICIAL USE ONLY




OFFICIAL USE ONLY

RT™-4 January 1968

g

€ - Design and Quality Assurance

All components of the ECCS as a minimum shall be designed and fabricated

to the latest applicable codes and to the same quality assurance standards
as the primary coolant system,

The design of the system shall be such that there {s a high degree of con-
fidence that it will not significantly increase the potential for leakage

from the primary coolant system. Any source of stored energy in the ECCS

shall be so designed that leakage from the primary co lant system will not
Jeopardize the integrity of the stored energy container.

The system shall be designed so that the stored coolant cannot freeze and
so that the boron additive cannot precipitate.

9 - Environmental Requirements

The ECCS shall be capable of performing its function considering the effects
of the simultaneous combination of (a) the maximum postulated e.rthquake,
(b) the loss-of-coolant accident, and (c) other applicacle loads., The systems
shall be designed to withstand other natural phenomena (e.g., torn.does,
hurricanes, etc.) in combination with other applicable forces except that
these other natural phenowena need not be considered as occurring sicultan-
eously with the loss-of-coolant accident, The ECCS ghall be designed to
function in the post-accident environment and the effects considered should
include possible loss of component function, vessel, and other component
displacements, pipe whipping, missiles from components, coolant blowdown
forces, ind pressure, temperature, moisture, radiocactivity and chemical
conditions, resulting from such an accident.

10 - Actuation ard Control Requirements

The primary mode of actuation for the ECCS shall be automatic, and actuation
shall be initiated by signals of suitable diversity and redundancy. Provi-

sions shall also be made for manual actuationm, monitoring and control from
the reactor control room.

11 -~ Testing Requiremen

All active components used in the ECCS shall be proof-tested before installa-
tion under conditions and for time periods as close as practical to the most
severe operating conditions to which they may be subjected in their lifetime
(compement proof tests). Each subsystem shall be designed so that {its
functional operability can be demonstrated, as installed and with appropriate
reactor pressure simulation, prior to reactor operation (preoperational system
tests),
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The design shall also provide the capability for periodically demonstrating
that the syst(m will function properly vhen an accident signal is received;
i.e., it shall be demonstrated that pumps and valves operate on normal and
emergency power and vater pressure and flow are as designed when the plant
is operating (periodic system surveillance). When the plant i{s shutfown
for refueling the system shall be tested for delivery of coolant to/the
vessel, The design of the system shall {nclude provisions for maximum
practical visual inspection when the system {s being tested,
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1 - FCCS Fusc*i{onal Requirements

The function of the emergency ccre cooling system (ECCS) {s to cool the
core in the event of a loss of coolant from the reactor vessel, The break
sizes postulated for design of the ECCS range from small leaks, which should
be accommodated by normal reactor makeup systems, to the unlikely, doudble-
ended instantaneous rupture of the largest Pipe {n the primary coolant system,

Peak clad temperatures should be limited to less than the melting tempera-
ture to cnsure {ntact, coolable fuel elements. The peak temperature {s further
restricted to being significantly lower than the melting temperature because of
uncercainties {n the mechanical and chemical behavior of the cladding near melt-
ing (3370°F for zirconium) and uncertainties in the calculation of the tempera-
ture tisusient., As additional heat transfer and clad material data become
available it may be possible to enumerate a limit on the peak temperature and
this limit may be near the melting temperature. Programs {n government and
industrv are being conducted to determine the behavior of cores at hiph tempera-
tures with emergency core cooling. However, little data has as yet been published
concerning the typical geometries and the typical heating and cenling techniques
f~r circonium clad temperatures {n excess of 1800°F. At the corstruction permit
review an applicant should be allowed to extrapolate from the sublished data
in secttirg an allowable peak temperature limit. However, the applicants should
oe roquived to make commitments to perform tests, prior to applying for an
sperating license, to confirm the predicted behavior of ihe core and the ECCS

at the calculated p2ak clad temperature.
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The ECCS must limit the clad temperature before geometry changes
prohibit cooling of the core. Such geometry changes might be coolant
channel blocking by swelling or perforation of fuel elements and severe
deformation or fallure of vessel internals and core support structures
at high temperatures. This limiting of geometry (hanges by temperature
effects {s in addition to the requirement that the core and internals
withstand the blowdown forces in combination with other applizable loads.

The one percent metal-water reaction limit {s {ntended to restrict the
maximum energy content of the tntal clad mass, The concern {s that the
energy released from a clad-vater reaction will further raise the clad
temperature (self-hecating) which {n turn increases the reaction rate-- an
autocatalytic effect which could rapidly lead to clad melting. Since
the zirconium-vater reacticn i{s temperature dependent and occurs even at
the normal operating temperatures of large pover reactors (to a negligible
and permissible extent), {t {s {mpossible to require no clad-water reaction
One percent clad-water reaction was chosen as being a negligible mass to
undergo oxidation with then only negligible energy additions to the clad.
As core cooling data from high temperature tests with zirconium clad
elements become available and as analytical methods are verified, it
may be possible to raise this clad-water reaction limit.

The reaction of zirconium clad channel boxes (BWR) with water {s not
mentioned in the guideline, The channel boxes should not become as hot as
the fuel elements because the boxes have no internal energy generation
(decay heat)., Consideration of the channel-water reaction with the clad-

wvater reaction effect{vely decreases the calculated percent metal-water
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reaction for the core. That {s, the channel zirconium mass i{s about the
sam: as the clad zirconium mass and the channel temperature i{s generally
lower than the clad temperature., Clad melting {s the phenomenon of concern
in setting a metal-vater reaction limit, and the amount of clad-water
reaction is most descriptive of the clad energy and temperature.

In addition to limiting the clad temperature transient, the ECCS must
renove the core storrd cnerpy, thereby veducing the core tempervature
to essentially the temperature of the coolant, and then must maintain
this temperature unti{l the core decay heat {s ncglirible (no boil-off hence
no need for recirculation and replenishment of coolant) or until the core

{s dismantled in recovery operations.

2 - Margin Requirements

The ECCS should meet the functional limits with margins and these margins
way vary with break size, For example, for the smaller, more easily
controlled loss of coolant accidents there should be enough temperature
margin to lirm{e clad perforations (peak clad temperature less than 1500°F for
zirconium) and other gross reactor damage. This margin can be provided by
fincreases in such design parameters as flow rate and time to initiate flow,
Such protection should prevent any radioactivity release form the containment,

As the postulated break size increases, the blowdown and core heatup
ratas increase to the point that {t {s difficult to prevent clad perforations,
Or the other rand, rapid breaks of large pipes are very unlikely. Therefore,
the intent {s to allovw decigns that provide little or no margia (with respect
to the functional limits) at the upper end of the break spectrum (instantaneous

deuble-cnded vupture of largest pipe). The mission of the ECCS to terminate
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and control the core temperature transient would be accomplished and radio-
activity releases from the containment could be held vithin acceptable limits,
Conservative analytical techniques should be used %o determine the
performance capability and margins provided by a propose’ ECCS. However,
overly conservative analyses have, {n the past, often led to gross assump-
tions regarding the blowdown and core heatup phases of a loss of coolant
accident., Therefore, the intent i{s to encourage reali{stic or state-of-
the-art analyses of the loss of coolant accident, Analytical solutions
at the conservative end of any range of uncertainty can then be obtained
by {dentifying the parameters which most significantly influence the cai-
culations and assuring that properly conservative assumptions have been
made regarding these parameters.
The ECCS capabiltiy and margin should be evaluated after allovances
are rade for emcrgency coolant which, for any anticipated reason, docu'not
reach the core. 1f, for example, a subsystem injects through reactor coolant
lines, allowvances must be made for possible spillages of this type and credit

for {solation can be taken in determining the margin.

3 - System Requirements

The ECCS function {s divided into two categories, short term and long
term, to distinguish the kinds of subsystems and the kinds of failures
peculiar to these two modes of emergency core cooling.A short term sub-
system i3 required to operate rapidly folloving a loss of coolant accident,
but the total time of operation {s short. This time varies with break size
but it {s generally less than several hours. Failures of passive components

are unlikely {n this short tipe span and necd not he considered {n evaluating
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short-term cooling capabilities. On the other hand, failures of active components
(e.g., a pump falls to start or a valve fails to open) must be considered in
designing and evaluating these subsystems which are required-to be quick acting,

Accumulator subsystems provide a highly reliable short term supply of emer-
gency coolant because they store the energy needed for operation and they do
not depend upon the starting of power supplies and pumping units. Because of the
high reliability of this method of short-term coolant makeup only one such
subsystem {s required. The failures of check valves, herein defined as active
components, need not be considered in evalvating the capadbility of short-term
subsystems, However, the check valves should be tested frequently to assure
their reliability.

Long term subsystems may be required to operate over extended time
periods (e.g., dismantling of & reactor following a major loss of coolant
accident might not be possible until several months after the accident). 1In
this time span failures of active and passive components‘by vear and fatigue, or
failures caused by a severe natural phenomenon, (earthquake, etc.) are possible,
Therefore, for long term cooling, two completely {ndependent subsystems are
required. The redundancy of subsystems permits continsuation of long term
cooling in the event of fallure of any component, nu matter vhat the fallure
mechanism. The physical independence of the two subsystems (e.g., no shared
pipe hezcders unless double valving {s privided) ensures that a single failure
would disable only one of the subsystens.

The assurance gaired by requiring the ECCS to cmploy scveral cooling
principles (e.g., top and bottom injection) can be iliistrated by consideration

of several postulated loss of coolant accidents, Tirs:, {n the unlikely event
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of a break in the reactor coolant boundary below the bottom level of the core,
recoveriag of the core by flooding within the vessel might not be possible,
Then, for cxample, either distributed coolant injection from above the core, which
can accomplish the ECC function without core flooding, or a system with the
capability of rapidly recovering the core by flooding a special cavity around
the vessel, should be provided. Second, an emergency coolant injection systenm
wvhich floods the core from below may be unable to cope with a large pressure
buildup above the core. In a pressurized water reactor such a pressure hangup
could be caused by steam generation within the core following a break i{n a cold
leg of the primary loop or by release of high energy steam i{nto the primary
system from the secondary side of a fatled (during blowdown) steam generator,
Coolant {njection from above the core to enhance mixing of low enthalpy coolant
and high enthalpy steam, thereby i{ncreasing the pressure decay rate, should be
provided.

All of the subsystems required to provided exergency core cooling over
the break spectrum should be capable of operating on normal plant power and on
emergency pover. Emergency power can be supplied by steam turbines for short
term cooling and by quick-starting diesel generators for either short or long
term cooling. Accomplishment of the ECC function {s thus {nsured {n the event
a loss of coolant accident coincides with a loss of normal (off-site) power.

It may be necessary to require that the emergency power source be capable
of supplying several ECC subsystems simultaneously, For example, {n the case of
a Westinghouse PWR both the high head safety injection subsystem (short term)
and one of the residual heat removal subsystems (long term) should be started

simultaneously upon {ndicatfon of a loss of coolant accident. Then {f the break
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is small the HHSIS will be running to provide makeup and to aid the depressuri-
zation of the vessel, or {f the break is large the RHRS will be running
to begin coolant recirculation after the accumulators have delivered and the
vessel pressure has decayed.

A normally running coolant makeup system can be credited as one of the
two short term subsystems {f it complies with the remainder of these guidelines
(including design for seismic loads), even {f {t has no emergency power source.
Its operability is continuously demonstrated for long periods of time and in
the event of a loss of coolant accident is would be unnecessary to start pumps
and open valves, However, the second short-term subsystem must have an emergency
power source and active component redundancy. Thus the loss of off-site power

and the failure of an actlv2 component c .anot prevent short-term cooling.

& - Redundancy Requirements

Redundancy of certaln components {n the ECCS {s required to enable the reactor
plant to stay {n service, in compliance vith these guidelines, in the event one
of these components must be i{solated for repair. With no redundancy the {sola-
tion of a component {5 some subsystem may violate the two subsystem requirements
or it may decrease the performance capability of that subsystem.

The exception to this requirement recognizes that there is a compromise to
forcing the reactor to be subfected to a shutdown transient because of an
inoperable ECCS component. That {s, depending upon one subsystem rather than
tvo for a specified short period of time {s preferable to forcing a plant shut-
down., For increased assurance that the remaining subsystem can accomplish {ts
ECC functions, the subsystem will be tested and the emcrgency power source will

be run continuously during the perlod that one subsystem {s {ncapacitated.
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The time limit {s a matter for technical specifications on the {ndividual plants,
but a time on the order of 48 hours appears sufficiently long to accomplish
repairs and {t {s not unreasonably long from the standpoint of accident probability
over the 1ife of the plant.

Component redundancy for single fallures {s inherent in the two subsystem
ECCS concept. That is, either subsystem, by {tself, can accomplish {ts aj;ropriate
emergency core ccoling functions. The two short term subsystems provide sufficient
redundancy to accomolate & single active fa{lure and still accomplish the snort
terns ECC functions. The tve completely independent long term subsystems provide
sufficient redundancy to accomodate & single (ailure, active or passive, and
still accomplish the long term ECC functions.

Component redundancy within the reactor vessel {s required for i{ncreased
assurance that the component function (e.g., spray distribution by a core
spray ’pargcr) will be provided., This extra assurance {s necessary because
components within the vessel could be subjected to more severe blowdown loads than

components located outside the vessel.
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S - Isolation Requirements

Pipes which penetrate containment are potential avenues for the release
of radicactivity following a loss of coolant accident. Such lines should be
designed to standards comparable to the containment design standards (see
Guidelines 8 and 9). Nevertheless, failures of any of the components in these
lines, including pumps and heat exchangers exterior to the containment and
pipes which penetrate a sump or a suppression poocl, are to be considered in
the failure mode analyses required by fhese guidelines.

An automatic-actuation i{solation capability for all ECCS penetrations of
containment is required. For those lines which carry coolant from outside
to inside containment, a check valve on the inside, not necessarily close to
the containment liner, and an automatically actuated {solation valve on the
outside are required. Lines which carry coolant from a sump or suppression
pool to the outside of containment present a more difficult problem. Because
motor operated valves on the inside of containment could be subjected to a
severe environment (radiocactivity and flooding fecllowing a loss of coolant
accident), it may be difficult to provide valves in this position. Another
solution is to require special desigas (e.g., sealed pipe sleeves or bellows
sealing to provide a double containment, etc.) for the sump or suppression pool

and including
lines up to / remote actuation isnlation valves located just outside contain-
ment. Ia addition to automatically isolating one subsystem, it is required
that the second subsystem be automatically started to insure continued core

cooling.
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The detection of ECCS leakage external to containment is important if the
resultant doses to the public are to be kept within 10 CFR Part 100, Indirect
leak detectors, in the form, perhaps of flow meters or flow pressure indicators,
would allow rapid indication of a gross failure thus enabling the rapid, auto-
matic isolation of the failed subsystem. Development of leak detection schemes
such as sump level, particulate monitors, etc., should be required in order
to provide similar protection in the event of smaller ECCS leaks. The ECCS
components located external to containment are to be housed in a structure
vhich permits filtering of releases from an ECCS leak before venting to the
atmosphere. Guidance as to the calculation of doses from a postulated ECCS
failure will be provided in a separate RTM. These doses when summed with
those attributable to containment system leakage should not exceed 10 CFR
Part 100,

Isolation valves on ECC delivery pipes which connect to the reactor
coolant system are required in order to protect low pressure subsystems from
high pressure primary coolant and to ensure that failures in the ECCS cannot
cause a loss of coolant accident. Check valves are an acceptable means of
providing- this protection. Branch lines or valves between
the ECCS injection points and the reactor vessel arc not allowed in order
to eliminate potential routes for bypass flow or leakage during emergency

coolant delivery.

6 - Sharing Restrictions

Sharing of systems or components between the ECCS in one facility and any

other system in any other facility is not allowed. This permits continued
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operation, in compliance with these guidelines, of facilities on & multi-plant
site regardless of the conditions (accident, normal operating, or maintenance)
of any other facility on the site. This removes the problem of deciding whether
to shutdown two or more plants simultaneously (an action utilities would protest
regardless of adminstrative rules) because of off-normal conditions in just one
plant causing the reduction of ECC capability {n other plants. A pecssible
exception to this restriction may be ihe sharing of two cooling water storage
facilities on a three plant site.

Sharing of components between the ECCS and other systems in one fa~{lity
is alloved only if the functional performance of the ECCS is guaranteed., With
such sharing the reactor cperator may have increased control of all engineered
safety features thus enabling him to choose that combination of operating
systems which best ensures the safety of the plant, based on his firsthand
knowledge of post-accident conditions.

Sharing of redundant components between ECC subsystems is implicitly
allowed by these guidelines. For example, two low head safety injection sub-
systems each employing one full capacity pump may perhaps share a third full
capacity redundant pump for repair purposes. Final judgment of such sharing
will have to be based upon consideration of the individually proposed ECCS

designs and upon evaluation of the applicant's failure mode analysis for such

a system,

7 - Reliability and Failure Mode Analyses

Comparative reliability (availability) analyses are to be performed for

various system configurations to demonstrate reasonable optimization of the
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proposed ECCS. An ultimate goal should be to attach absolute reliabilicy
numbers to the proposed systems, but at present there are insufficient data
on these systems and components operating under the proper conditions. There-
fore, compar.. .ve reliability analyses, which do not require absolute relia-
bility numbers, of the most promising configurations are to be required in the
interim until sufficient reliability data can be collected from operating
nuclear power plants.

Where components are shared with systems that perform other functions,
analyses should be performed to demonstrate that there is an insignificant
difference in the reliability of the ECCS with ind without the proposed sharing
of components. These analyses will in large part be the basis for the judg-
ment of compliance with Guideline 6.

The required failure mode analyses will serve to demonstrate ccmpliance
of a ptO?;lCd systex with the physical independence requirements of Guideline

3 and the i{solation requirements of Guideline 5.

8 - Design and Fabricatiom Requirements

The intent of this guideline is to ensure the quality of design and
fabrication required to enable the ECCS to accomplish its mission. For example,
components that contain pressurized water might be desigred according to the
ASME code, controls and instrumentation might be designed to z,plicable IEEE
codes, and components which contain water with spray additives, because of
sharing between an ECCS and the containment spray system, should be designed

to standards which consider covrosion. The design and fabrication standards of
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the individual vendors and applicants should be revieved for each ECC component
to determine equivalency with the intent of this guideline and with the qualicy
assurance standards of the reactor coolant systenm.

ECC temperatures are required to be above the freezing temperature of
water to insu-e the delivery of emergency coolant during the winter, and above
the boron precipitation temperature to insure boron solubility. As more is
learned about the thermal shock associated with emergency coolant injection
to the reactor vessel, this temperature limit may be increased (e.g., if cool-

ant temperature is a sensitive parameter in such considerations).

9 - Protection Requirements

Although 4t {s difficult (and even misleading) to define mechanisms for
the instantaneous, double-ended pipe rupture, it {s conceivable that {f such
a highly improbable event were to occur, it would be during a time of maximum
postulated earthquake., Thus, it is required that the earthquake and loss of
coolant loads and other applicable loads (e.g., structural lcads on components)
be appropriately summed, and that components be designed to withstand the
combined loads within a limit that ensures operation of the ECCS following
this accident., For assessing the ability of the system to perform adequately
under tliese circumstances, consideration should be given to, at least, the
following: degrading of the system by loss of components, pipe whipping and
missiles from any part of the plant, coclant blowdown forces, displacement of
all reactor components including the vessel, and the anticipated pressure,

temperature, moisture, radioactivity, and chemical conditions.
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Reactor components located inside the containment would be protected from
other natural phenomena such as tornadoes or hurricanes. This guideline requires
that all ECCS components, including those outside containment, must be similarly
protected. Because it is less likely that other natural phenomena will cause
a loss of coolant accident, and because degradation of the ECCS by such a com-
bination of events would be less severe than the combinarion considered above,
the simultaneity of other natural phenomena and a loss of coolant accident need
not be considered.

The requirement to individually protect the independent subsystems from
flooding is necessary to insure double coverage for long term cooling. That
is, part of the reason for two subsystems {s to provide a backup system in
the event a single subsystem is lost. Thus, the subsystems must be separated

and independently protected to insure that they cannot be simultaneously

flooded.

10 - Actuation and Control Regquirements

Automatic actuation should be provided because the loss of coolant acci-
dent can proceed rapidly once a break has occurred. For example, in the event
of an instantaneous double-ended pipe rupture, pumping systems and diesel
generators may be required to operate within about 30 seconds after the break.
This is not sufficient time for a reactor operator to assess the accident
conditions and take the proper actions. The small breaks place less stringent
timing requirements on the ECCS, but because of severe pressure upon the operator
to make the right decision in a time span of several minutes, it is preferable

to remnve the elcment of human error and require automatic actuation. The
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manual actuation, monitorfng and control provisions in the reactor control

room enable the operator to control long~term cooling based on his firsthand

knowledge of the accident conditions.

11 - Testing Requirements

The best way to prove a system design is to test it. The testing program

should thoroughly investigate the behavior of the ECCS under conditions as

close as practical to the most severe ~onditions envisioned, and the progran

should provide for continuing periodic testing cf the systecm.

The required test program is three-fold:

(1)

(2)

(3)

Component proof tests - A representative sample (one may be enough)
of each type of active component proposed for use in the ECCS should
be tested under the sost severe operating conditions (e.g., time,
temperature, humidity, pressure, corrosion, and radifocactivity) to
which that componant may be subjected.

Preoperation system tests - The ECCS should be designed so that it
can be tcsted as installed prier to reactor o, :rationms. Although
radicactivity and teamperature are difficulc, if not dangerous, to
simulate, pressure simulation may, perhaps, be more easily and
safely provided for these tescs.

Periodic system tests - The design of the ECCS shculd provide for
functional tests of all active components during normal plant
operations. During plant shutdown for refueling cach subsystem

should be tested for delivery of coolant to the vessel,
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In addition, it is required that the capability be provided for visual inspection

of ECC components when the system is being tested to check those components for

leakage,
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UNITED STATES GOVERNMENT
- Memorandum i .

TO . All Technical Personnel ) - DATE: April 29, 1968
Division of Reactor Licensing .

FROM . Peter A. Hortis: Director Wd}hm
ng

Division of Reactor Licens
REACTOR TECHNOLOGY MEMORANDA

RT-631

DRL:ADRT:SL

The attaclhied Reactor Technology Memorandum #1 on Tornado Consideratioms
is forwarded for your use in the reyiew of power reactor facilities.
Additional RTM's will be issued on a continuing basis to provide guidance
for the review of other areas. Their development will require all techni-
cal personnel to contribute to the review of draft material to assure

that the evolving standardization of this new technology is done expedi-
tiously and well,

[his document has established design bases and review requirements for

a difficult and complex area in engineering design. Definitions of
additional areas affecting tornado design will be provided later as in-
dicated in the RTM. Consistent use of this RTM, and others to be issued
later, by DRL personnel will do much to improve the quality and efficiency

of our reviews.

Attachment:
RT™M-1

ce: H. L., Price, REG, w/att.
C. K. Beck, REG, w/att.
M. M. Mann, REG, w/att.
R. L. Doan, REG, w/att.
J. A. MeBride, DML, w/att,
E. G. Case, DRS, w/att. (10)
L. D. Low, CO, w/att. (10)

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan AI l
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UNITED STATES GOVERNMENT
- Memorandum -

TO : All Technical Personnel o0 ) DATE!: April 10, 1968
Division of Reactor Licensing

FROM ! Saul Levine, Assistant Pirector r Reactor Technology
Division of Reactor Licensing
SUBJECT: REACTOR TECHNOLOGY MEMORANDUM NO. 1 -- TORNADO CONSIDERATIONS

DRL:C&CTB: RCDeY RT-603

The attached RTM sets forth the DRL technical position with respect to
minimum requirements for the consideration of tornadoes and their effects
that are to be used in safety evaluations of power reactor facilities and
such other facilities as may be appropriate.
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April 1D, 1968

-~ REACTDR TECHNOLOGY MEMORANDUM NO. 1

TORNADO CONSIDERATIONS

INTRODUCTION

Minimum requirements concerning tornado consideration: to be taken
into account in the design of nuclear facilities are provided by
this memorandum, The requirements were developed using the basic
approach that:

(1) The facility design should be such .that the design tornado
or missiles associated with it should not affect vital structures,
systems, and components 80 as to cause an accident releasing
radiocactivity to the environs in excess of 10 CFR 20 limits.

(2) Except for those items provided to contain and nrocess airborne
radicactivity under post-accident conditions, the facility
should also be designed to prevent the design tornado or
missiles associated with it from affecting vital structures,
systems and components so as to interfere with necessarv
consequence limiting functions following occurrence of the
design basis loss-of-coolant accident. These exceptions are

- consile.ed warranted in view of (a) the low probability* of a
severe tornado strike on the facility simultaneous with or
during a reasonably short period of time following a design
basis loss-of-coolant accident, (b) the high probability
for extensive dilution and dispersion of airborne radiocactivity
released into a tornadic atmosphere, and (c) the reduction in
dose rates due to radioactive decay during the time interval
between the occurrence of the accident and the tornado.

IT. MINIMUM REQUIREMENTS

(1) Location

The effects of tornadoes should be taken into consideration in
the design of vital structures, systems, and components for a
nuclear facility located:

(a) On any site withir the continental United States east of
the 109° West Longitude Line, or

(b) On any other site where the probability for exneriencing a
tornadic event is greater than about 0,01 in 40 years.

* The probability of a tornado hitting the faci{lity within a time period of a few
days 1is 10°% or less.
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(3)

(4)

(5)

(6)

(7)

-2~ April 10, 1968

5™ - . - .
Design Tornddo - Characteristics : ‘o

Unl;ln-it-can be rigorously denonntrut;d that lesser values
pertain to a given site the minimum values.of characteristics
for the tornado considered for design purposes should be:

(a) Tangential velocity - 300 mph
(b) Transverse velocity - 60 mph
(¢) Pressure diop - 3 psi in 3 seconds*

Design Tornado - Occurrence **

The design tornado should be assumed capable of occurring at any
time except that the simultaneous occurrence with the design basis
accident or with any other limiting site related event such as an
earthquakn or flood need not be considered for design purposes.

Load Combinations

Vital structures, systems, and components capable of being
subjected to tornado forces should be designed for the loaus
induced by such forces, including missile loads, in combination
with applicable functional design lo>4s.

Stress Limits

Stresses due to the selected load combinations should not exceed
90% of yield stress in steel nor 75X of ultimate stress in concrete.

Missiles - Types

The types of missiles fo be taken into account should be selected
on the basis of an analysis of representative potential missiles
capable of being generated from ground level and applicable
elevated locations by the design tornado.

Design Margins

The margins of safety provided in the design should be determined bv
defining the upper limit tornado wind speeds that the facility could
be subjected to without a resultant accident releasing activity in
excess of 10 CFR 20 to the environment, or without damage to vital
structures, aystems, or components such that essential post-accident
safety functions would be negated.

_— G

# These values are related to the wind velocities by tornado theory.

% Tornado considerations should not be factored into dose calculations associated

with design basis accidents.
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IT1. ITEM® = RE PURNISHED AT A LATER DATE - .

The following will be provided at a later datg:
(1) Recommended design basis misciles,
(2) Definitive guidance on how tornado loads are to be applied.

(3) A specific list of necessary consequence limiting functions as
discure:d in 1 (2) above.

(4) Technical base« for the R
IV. APPENDIX

Appendix A provides a tabulation of tornado data nrovided in apnlica-
tions renresenting 34 sites.




RTM-1 - & » APPENDIX A April 10, 1968
TORNADO DATA FROM SAFETY ANALYSTS REPORTS . :
Tornadc Transverse Tangential Stress Limits
Interval Velocity Velocity P, Steel, Conc., -
Plant ___years mph mph ~ psi  Missiles X Yield X Ult. . Remarks
San Onofre No mention of
tornadoes
Conn Yankee "Tornado probab-
' ility very small’
Malibu No mention of
tornadoes
Oyater Creek Data given in
Amendment No. 9
Nine Mile Pt. No mention of
tornadoes
Dresden 11 300 >
Brookwood No mention of
tornadoes
Milletone Pt. 1250 360 "Safé shutdown
assured”
Indian Prt. No mention of
tornadoes
Lresden IIIX 300 “°
Turkey Pt. 344 5006 337 2.25 Plank, 2 ton car 100 "Safe shutdown
before, during, or
after a Florida "\
tornado”
Quad-Cities 142 1250 300 1.18 Pole(r=7"),1 ton car 100 100° 3]lowout panels at
0.25 psi.
Palisades "Rere" 40 300 3.0 Pipe(r=1.5"),4"x12" 90 85
Planks, 2 ton car,
20 ton flatcar,
120 ton locomotive .
Arowns Ferry SB80 300 "
s 25 8 3 .
H. B. Robinson 300 3.0 2 x 4 TinSer 120 "Accent damage

and shutdown for
repatrs"
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TORNADO DATA FROM SAFETY ANALYSIS RZIPORTS

Tornado Transverse Tangential Stress Limits
Interval Velocity Velocity P, Steel, Conc., *
Plant vears __ wmph mph nsi  Missiles % Yield Z Ult. Remarks
Monticello 2000 00 2.9 Pole(r=7"),1 ton car a0 85 Shutdown and make
necessary repairs
to equipment.
Pt. Beach 142 3030 60 300 3.0 Plank, 2 tun car 90 85
Ft. St. Vrain 50 300 0.377/ 1In progress
sec )
Oconee 1,2,63 40 300 3.0 Pole, 1 ton car 100
Vermont Yankee 1040 300 2 x 4 timber 90 85 Blowdown panels
0.25 pel.
Diablo Canyon No mention of
‘tornadoes
Peach Bottom 243 2600 300 1.18 Pole(r=7"),1 ton car 100 100
Surry 1462 1500 1hs at 550 moh ", ..orderly shut-
: down should
tornado strike."
Ft. Calhoun 350 3.0 Fxnert total
revision later.
Indian Pr. 3 } 5> mention of
tornadoes
Three Mile 0.7 in
Island 25 mile
radius 300 3.0 Utilicty Pole 100 . f!‘
Pilgrim 1706 300 3.0 Plank,2 ton car 100 Steel framework
to 300 mph on
upner reactor
blde. Blowout
panels.
Zion 1452 800 to 1600 60 300 3.0 Pole (r-=4") 100 85 "Safr shutdown for
: winds in excess
of 300 mph"
Cooper 300 "Safg shutdown
assured in 300
mph winds"
Easton N> mention of

tornadoen
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TORNADO DATA FROM SAFETY ANALYSIS REPORTS

Bolsa Island
Two Units

Tornado Iransverse Tangential Stress Limits

Interval Velocity Velocity P, Steel, Conc.,
Plant , yeaxts mph mph psi Missiles Y Yield T Ult. Remarks _
Crv-tal ¥iver 3 1210 to 300 3.0 Utility Pole,l1 ton car

‘2350 q
Kewaunee 1750 to 60 300 3.0 Plank, 2 ton car 1.33 allowables .
3030

Prairie Isiand 1250 60 300 3.0 Plank, 2 ton car 90 85

No mention of
tornadoes in "site"
volume.
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ATOMIC ENERGY COMMISSION

WASHINGTON. D €. 20545

May 21, 1968

Roger S. Boyd, Assistant Director
for Reactor Projects, DRL
THRU: Saul Levine, Assistant DircctoQ&(/
for Reactor Technology, DRL /C

STRESS LIMIT IN CONCRETE FOR TORNADO LOADS

Reactor Technology Memorandum No. ! or Tornado Considerations, dated
April 10, 1968, has been approved by thg Directcer, Division of

Reactor Licensing. The stress limit for concrete as specified in the
approved RTM differs from that specified im previous drafts. The limit
ha¢ been specified as 854 of ultimate; it is now specified as 75% of
ultimate,

|
|
|
|
\
|

The 75% limit is strongly supported by our seiraic design consultants.

We believe it is not inconsistent with tle use of the 85% limit generally

accepted for combined normal plus extreme environmental plus accident

loads. We believe that where, for example, the large earthquake and '

design basis accident loads are combined, the low probabilities associated

with such a combination provide a measure of conservatism that warrants

use of the higher limit for concrete. In additionm, the 75%2 limit for

concrete is more consistent with the 902 of yield stress limit specified

for steel in RTM No. 1. e

We believe the 75% limit should be factored into our evaluations as
expeditiously as possible and suggest that the initial implementation
be made for the Donald C. Cook facility. The use of a 752 limit was
discussed with this applicant at a recent technical meeting without a
strong reaction againsc its use. -

We also intend to use the lower limit on all future C' evaluations.

//;2/ b

. /)*5' Richard C. DeYoung, Chief ,
Containment & Component Technulogy Branch
DRL:C&CTB: RCDeY Division of Reactor Licensing

RT-670

cc: P. A. Morris, DRL
F. Schroeder, DRL
D. Skovholt, DRL
E. Csse, D2S
Branch Chiefs, DRL
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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON. D C 20848

June 11, 1962

§. Boyd, AD/RP, DRL

J. Skovholt, AD/RO, DRL

D. Low, Director, CO
. G, Case, Director, DRS

A, McBride, Director, DML / ((f @ ~
THRU: P. A, Morris, Director 03 {

Division of Reactor licensing

REACTOR TECHNOLOGY MEMORANDUM NO. 6 -- GONTROL ROOM DESIGN CONSIDERATIONS

The enclosed RTM sets forth proposed guidelines with respect to minimum
requirements for control room design considerations

This information is intended to be u.ed in safety evaluations of power
reactor facilities and such other facilities as may be appropriate.
Comments on this RTM are requested on or before July 11, 1969, in order
that necessary revisions can be made prior to further distribution., A
copy of any correspondence pertaining to this RTM should be sent to

C. W, Moon, Safety Systems Technology Branch, Division of Reactor

Licensing.

LA

£ - '

Saul Levineg/, Assis t Director

RT-391A for Reactor Technology
DRL:I&PTB :0DP Division of Reactor Licensing
Enclosure:
RTM-6

cc w/encl:

C. K. Beck, DR

M. M. Mann, DR

C. L. Henderson, DR
R. L. Doan, DR -
Branch Chiefs, DRL
B. Grimes, DRL
Ascistant Dirazctors, CO
Branch Chiefs, CO
J. McEwen, DES
Branch Chiefs, DRS
Branch Chiefs, DML
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Issued: June 11, 1969

&Ab‘:“.; .n:b....l‘ _;..\)_x_‘.'_ i O KAADU L v 0

CONTROL ROOM DESIGN CONSIDERATIONS

INTRODUCTION

The purpose of this RTM is to provide mi imum requirements which
should be taken into account in the evaluation of the control room
design for a nuclear facility against Criterion 11, Part 50, General
Design Criterion tor Nuclear Power Plant Construction Permits. The
requirements were developed using the basic approach that:

1. The control room should be designed to allow occupancy during
all accidents which have been analyzed for the facility up to
and including the design basis accident.

2. 1f access to the control room is lost, it shall be possible to
shut the reactor down and maintain it in & safe condition from
& locetion(s) outside the control room.

MINIMUM REQUIREMENTS
1. Rezdiation Protection

The control room shall be so designed as to provide adequate
radiation protection for personnel within the limits defined

by 10 CFR Part 20. As established by 10 CFR 20, the present
exposure limit is 3 rem whole body dose in any calendar quarter
for ‘ndividuals in a restricted area. This protection shall

be designed so as to permit access, even under accident condi-
tions, to equipment in the control room or other areas as
necessary to shut down and maintain safe control of th: facility.
The exposure limit for the operating personncl during a nuclear
incident should not exceed 5 rem whole body dese in any calendar

year.

2. Fire Protection

The cont.ol room design rhall te such as to minimize the
possibility of fire. Continuing occupancy vhere possible
should be provided for in the case of control room fire or
smeke. The control room building components, finish materials
and furnishings shall be noncombustible. Combustible supplies
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fighting equipment including fire extinguishers and breath-
ing apparatus should be available to the control room.

Evacuetion of Control Room

In the event that it becomes necessary to evacuate the coatrol
room, it shall be possible to shut the reactor down and main-
tain it in a safe condition from a location(s) outside the
control room. '

(a) It should be assumed that, during normal plant operation
vith all plant equipment operable, access to the control
room is lost for a relatively long time.

(b) The facility should be examined to assure that hot shut-
down from full power can be accomplished from outside
the control room in a relatively short time of the order
of an hour or so. The applizant should provide a general
plan and show that adequate instrumentation and control
are available to allow the plant ts be safely placed in
het shutdown from outside the control room.

(¢) The facility should be further examined to assure tiat
vithout necessarily adding any equipment, existing equip-
ment, instrumentation, panels, etc., can be manipulated
(including opening panels, jumpering wices, etc.) in order
to acnieve cold shutdown in a period of time not to exceed
several days The applicant should provide a general plan
and show that it is feasible to safely bring the plant to
cold shutdown from outside the control room.

(d) The facility should be examined to establish the length
of time that it can be easily maintained in a hot standby
condition from outside the control room. This period of
time should exceed that in (c) above.

ITEMS TO BE FURNISHED AT A LATER DATE

The

(1)
(2)

(3)

(&)

fcllowing will be provided at a later date:

Control room ventilation system radiation protection requirement.
Control room lighting.

Control room communications.

Technical bases for the RTM.

2 June 11, 1969
such as loge, records, procedures and manuals should be
limited to the amounts required for plant operation. Fire



