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L. D. Lo:1, Director, Division of Ce:iplionce
E. C. C2.sc, Director, Division pf Ecactor Standards
J. A. }!:3rido, Director, Division of !!nterials Licencing

T11RU: P. A. Morris, Diractor, Divisida,of Reactor Licensing
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REACIO:t TECID;0 LOGY }E}DR/01DU !/- CO>DUSTIBLE GAS CONTROL SYSTE S EVALUATION
CUIDELI!:F,S

The em:1cacd Recetor Technolor.y thr.ornndun (RDO sets forth guidelines
.

ret.ptet to tc).nir.uu reqeirenanto for co :br-tibic rec control systemuitt
(CCC;) to be installed in po.ect recetor facilitica nad cuch other
f acf.11tir.:: nn nay be arptoprictc. Thic iniorr:.tica is intended to ba
esed in evaluntN3 the protection providad apinst failure of centein-

'r:at -nd other. cn :ine:rt d. safety features due to unccarrolled corbustion
of hy, rot on n . nixturco follto:ing ler.s-of ecolant accidenta.

Thin ' i:: r.h!c c:a r.:.tl.ods for pre.dicting, hydro::n and oxy;;cn r;1errt'.on
rcte:c .11 tit. for gaa intura co positions, rcdiolo;.lcal etwtrainen
to be ccasi6ted for tha ucc of pur'; int. ns a ceaustib12 r,cn coatrol
systen, cad r.u!611nes for cw.lut. ting the ceceptchility of a co:Auntibic -

gan ca :rol sy:. ten cs en ca;inocred cciety feature.

A CCC' hns not yet b:en required for eny operating nucicar fac'.11ty
!.ny of the ny.;te s prcponed by applic ets for future plcutsnor1

roca P at. final DnL cpprc, val, l!o::c or, th . cafety cenecrns for the
prco st pnnration of pcear reactora cre suf ficient to carrent early
it.gle..a. tation of the requiren.mtc c f thin PE! upon its approval. An

i::A u.2ti:.:.tica pro < rc, for operating recctor fncilis.f es tnd ier t::ose
in th2 lic:-naluf; proco.m 1:, bdug pr:, . co.

Cotrentn ca th!n hTb cre regrestM on or before July 11, 1969, in ceder~

thnt tue r,try ravisi.tn en 1 nr.de prier to furtLer dir.t dhr:lon.r
'ihe requircer.t, of thir. nT ! uiU. be irmle:. .at ed oakj niter a ravitica

.
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that considers conmnts is cpproved by the Director, DRL. A copy
of any correcpondence on this natter should be sent to C. H. Moon,
Safety Sycters Teebnolo3y Branch, DRL.

' . .
4
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! Saul Levine, Assistt_nt Director
RT-45?A for Reactor. Technology
DRL:SSTB :llRJ Division of Reactor Licensing

Enclosure:
RTl!8 -Con.bustible Gas Control .

'

Systr.na Evaluation Guidalines

ec w/cnc1:
C. K. Ucch, DR
!!. M. !!cnn , DR
C. L. Ilcadar.en, DR
R. L. Dat.n, DR
nrceach Chiefa, DnL
D. Crir:0, Ditt

Assis,t. n t Direct or::, C0
T rt.ach C:U n i.. , CO

M .1 !!cEven 3 D.15
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REACTOR TECit'MLOT/ MODRA'!DU't NO, 8
~

_C0!_fB UST I B L5', CAS CONTROL SYSTE?fS ,,

I. _ INTR 03UcrION_

It has been deronstrated analytically that flateable mixtures of hydrogen
and c::ynen cas can be rencrated .within the ccotsinmant of a largo, water
moderated power reactor in the pc'riod folicr.iing a loss of coolant accident.
Burning of corbustion of thesc gases could, result in de. ara to vital'
syster.s uithin the centainr.cnt, or to the containrent structure itsc1f.

,

This RT)! establishes a requiremsnt for installation of an appropriate'

Combustible Ccs Control Systen (CGCS) in those facilities for which the
potential for such sn event exists, and provides guidelines for evaluation
of such systces.

Ilydrogen genorctien in the post-LOCA period c:y result from fuel clad
' t'etal-uater reactions, corrosion, and radiolytic decerposition of aqueous

emernoney cooling solutiens. Oxynen is also a product of radiolysis , and
even in the ense of na inerted centainnent, its e,cnsratien c n lead to
corbuseihic nixtures. For the preennt reneration of light nater power

,

iWen reactors, the tice interval chich exists betvcen a LOCA cnd the onset
i of fit.nnchie gas conecatrations is coverned prinarily by the coatctnnant

f ro e vo lu~.e .
,

;

| The CGCS nust cocrate to preclude fini:-:ble r.ixtures at any tiza sube-
quant to the accident , and must be er.pable of beinc, started tnder DM

i conditions in a tire which cenforrS to pradicted caset of cochustibici

con cen traticnn . As en engineered safety feature, a CGC3 nuct rect,

.,

presently accepted stcadr.rds of quality cnd reliability.'

The effects of all variables which s;overn radiolytic !!2 and 02 generation
are not suf ficiently voll known to a11cv accurate predictions to bo
nada of their coacentratf or.c snder cent'.iticna which t.ir.ht c::ist after aj LOCA. *focre ora cir.iler tacortainties escocir,ted uith !!2 rcncratica by'

netal vater reaction:. :.nd corrosion. Thercforc, the guideliner catchlish-
ed by this RT". are icondrd to be u,ed in current licensina, cctions , and .

they shall be a..cnded cs mra, pcrtinent information becur.as availabic.^

j
,

|
|

|
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II. REOUIP!-:! U r FOR CCCS; _ .

A CGCS shall be required if necessary to provent damage to the contcintent
~

.

or other engineered safety features frc:s the enecntrolled combustion 'of
fla:::nabic mixtures of gases that night be acet=iulated within the contain-
nsnt follcuing a loss of coolcat accident. The necessity for such a
system in a given reactor facility shall be cetablished by a conservative
esticate of potential post-LOCA gas concentrations. This esticate shall
be nada using eppropriate paranator values specified by this RTM.

'

4 III. EVALUATION CUtD3L.IN7.s> -- - - - - -- -- - .

.

A. Cor5cstible Cai Sovrem-

The follosin ; valeas chall be v:cd in tha determination of
the co:.Sustibic naa pnart.tien rr.tas c.nd accc .ulatica uithin

the reactor ccatninn ut after a LOCA. Dattiled braos for

the colected valu2s for cach courc2 ora enclo?.2d as Accendices.

1 !Stal-Unr.3 r P.3 action (Appendix A)

a. Accu.t that 5's of Zirealoy feil clad underm.s rital-
unter ree.ction es a result of the design basir.1.0CA.

e
3 !!2 (STP),b. Ascets that c:ch pot:.d of Zircenium yields 7.9 f t;

:

| 2 C,o,r,g),1,o;1 (Appaadix D)

j Valtis are prsconted for citninci enly r.ina it is t. ce ea
; structurci intetini tGic't t; Jar ettsch by th: br.t .c r oli.ticas!

! propo:cd for M.'a cartency ecoling c*id :: pray syr:t:m.

30h Ladirrca: r.spid car:osion
1 (0.15 ,t3 nag 1. 0.28 p,!! P 3
J vith tha csciutloa ef role.tivaly invre qu: title: o f 113
I (Exclusiva concidarctica of alt.. int.n hora should stot praclude
i effort 1 to idsntify other t;ources of 112 rnd 02 resultint. fron
j co rre. ica o r o th n r ch an t e d ra r c tinm.) .

,

| a. Asst. q that alt aieri corrm'n ce the folle:rli. ; rr.te :.

Cr W.rl m .C.m. e.n.d. .ta.. ..P. .t e,

j (1) Sebject to r. prey, b:. sic (p!! > 7) t olutio . 0.20 ia/y ar

; (2) It ur::cd la bede colurica 0.10 in/yar.r
!

l
: (3) Neutral or r.lithtly ::.it'ic (5.5<p!!< 7) 0.02 in/yaar
1

,b . A';s ur t he.t C.r.ch pauld o f dr91nv-, Ubich CforrfnM: yltildn,

19.3 ft3 1:2 (':T P).
'

i

!
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3. Radioivnis of Ame$oes Solutions (Appendix C) -

'

-Redic.,1ytic ges n:netation ratos ara determined by traing
the product of the radiation energy chsorption rate in .

the solution (ov/sec) and n C, or yield, value (colcettics/100 cv),,

j In tha post-LCCA parlod, radiolytic daco:t. position of the
; ec:argancy coolc.nt solution is expected to result fron two

i radiation cources; tha reactor cora, es the ecolcat passes
throunh it; r.nd tha radioactivo inotopes which beco:.a-

disoolved in ths cooltat it.<cif.
|

a. Asst =3 the folic sing: ;

(1) Itcaccor Cora: 10% of total cora na:: a~ ray energy
is absorbed by the coolant in the coro ragion.

4

(2) Dicnoivad Inotopn: All thn <;erv.-ray c.nd beta-
particle hinctic enor;y fran 50% of the core '

,

radio fodne In..mtory, cnd 1% of the tot::1 :
; fiction prc duct inv.intory is :5 :othed in the

..

coolant dir.:ctly.

,.

,b. Acaren the folic.*in;; G valca :

L

(1) PN!! - in enre tad colutica:
:

0.50 noincule.s/100 ev :5::otbad ;C(H2) 3

,
-

5

2 0.25 reilecu'.ha/100 cv r3:or$2dc(0 ) v
.

-(2) MUR - in euro rad colutina *;

(c) First 24.hr pariod af te.r LOCA:-

0.25 t o!.:.culca/100 cv cbnorbodC(H ) "
2

|

| G(0 ) 0.13 tr.312culan /100 cv a5torhed"
2

(b) Tit: cit.nr first 2/. hr period:

.

0.50 t &cule;,/100 cv clicorbcdC(M ) e-
3

0.25 r:.,1c cu)na/]CO cv c'icntbcd, c(0 ) a
2

c Lc.: C ve.len for : L'8 cre : 3: e3d for tha ffr.
d r.y b r ,e d o, c'.a t i f or s :1 c n' ic i ! ~u:I ty unter.

Daytad th .'. t!.: . tSc cos!r : pp.*1ty c. aac be
r.cntw 4 rad th: hi r;'.n r vc h t .:p p l i a i, .

.

-- ,, . , - - , ~r-, , ,- -~, ,. - -. ,,, ,,,-., , . ,-- -- --,-,- ,,_ ,,, , - - - - - - - - - - -
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4. .O.t h.r C e s S o. u_r c.e..n.er
-

Other sources of cot'bustible gases may exist and should be
identified and evaluated on an individual case basis. Exanples
of such sources are: '

a'. 112 gas used as feal for a flame reccabiner, which through
leahcgo, or incor.pleto corbustion,t.ay add to the not
containrent !!2 concentration.

b. For en inerted contcin: en*, in chich a high II2 ccncentrntion
c:ay davelo, foliching a LCCA, an air leck into the contain-
r:ent could recult in a ccthustibic r:1:ture.

.

B. Cor- .i Co.n.e m t ra tion 1 i. nit.s... - - - ~ .

Ceutainrant gas nixture cenpositienn r. hall be controlled such thct
local ccacurrent concentrations o f IL, rad 0,, do not exceed 4 v/o
(voluna percent) and 5 v/o, resacetibly. The ccatain nt volum
averene concurrent concentrations of H2 cad 02 chall not c::cced
3 v/o cad 4 v/o, renoc ctivcJ y.

C. .Ih. d. "n. _?. . c.v..t s.d.. ..N. . . .i m i c ...'. c. .n.1. ". .r u ! .: cr t ';
.. ... .. -

g A CCCS nest operata to reinttin carbustib)n < en crecen tretir.ns inr,ide
- the ccatninr2 t withir .paci fied lir'.t n , cud av:t b r. n y r '.12 of luinq

nterted ind c:22 rated ender po;t-LOTA ccadit!cr.:. Pt ny L ei. ': .: . for ces
ni::t ura ecn t co1. , cr"lc;clag di f fercat piluciplen, . n. pret ticrhic.
Techniqu :c thic.h hr.va nJ rcady be n proaosad by r?9 lice.atn era a
f1r u tecorhiner to reduce the H2 ccacentretica, and a conteinnent

'

pur,,c ny:stc:a by uhich the ec,arcinre_a t ; ca : 1:: Lure is c:On.uted to
the ntt:osphere c.nd in taplaccd by frenh cir.

Tha CCCS r.hnll ecn',I st of c.tc or ~;re co .nictoly i'.de:';nd at
subay.cens, each hr.vina redtr.dency of all cetiva ccroonents 1.nd
each bain ; ccptble of t,arforeing the required ges coatrol ftmetien.
A CCCf. onarctin:: en the pure princip!c is si"ole . rl r21:.'.lc, end
it, the evmt of f;il ure c, f t h a o t h . CCCS r. .f,sy.n . , l a' c. n
c l . :.y; b: cc :rM ? > red cs in eer;en tnW e ti tern cti'.2 to tl.; : a ncial.

c on t nim::n t d.- m e raru1ti.c fron n.s c c ^, 'Jon. l'ouaver, pure.n.

in ca l'. ? ; th2 intraticaal r.'lt . e o' th t ' lor cti ra cont: 4 ut
a i m.s ch J rc: . Th e r 2j e r ce" ~ # r'u ! c t i c :' t o 1." \" : d it e . Str* IM the.

r. u' .1. ! r ( i d t h .: c) :. cr. r . :'. .", ti r !.n : l p 3 ' r f p reonnd CGC.1 f.rhy .t t - . th ' l
b> ent* :ted radiction dc. to par''aa c- - i t' : L *r ( : d e' i z 5 .0 as
a ranult o f CCCS c;' r tJ cn , i ? d PC ' t hic fcilutc. ..a i. r p. ' y . .

?- t'. t r r(c- .c~ of 3 r, r: .c u ' e .u c. r ;t_e

c . . ) ., vlthin tV..

li'i t c. of 10 Cri' 20, ( v.m vi th t ha frilure of . sitW o r:tiv: c o o: r., t

'

in !b :c3 Th li Y t- of 10 c 1r.,,. u- d e u i. En tne t he-
*

.

d mt h r. r n;x .ct;n. t c q n: ,pq- .,,,.u, rm'u Je tev tu div.r-!:se.,

*l h ' O V 11P;1|'itan D rn c r U r 2 i c; ny;-( : c e: i; ; :.^ fol); * d, ; v3;

.
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CGCS PIOUIPI' TENT EVALUATION
,

.

-- --. __
__

*

MIt!IltU)! CGCS P.EOUI!!EMMIT~~ ~

D D +DA No. of Accepteblep pCASE Subsystens Subsystem _ Tyocs__
_

1 1.5 Ren Thyroid /300 Ren Thyroid 1 1 PSS
% 0.5 Rem tTnolo Body N 25 Ren Whole Body

<
= . . --. ---

'

2 1,5 Ron Thyroid /300 Ron Thyroic) 2 1 NPSS + 1 PSS(EU)0.5 Ren Uhole Body \ 25 Rem Thyroid '

3 1.5 Pen Thyroid 300 Ren '1hyroid 3 2 NPSS + ) PSS (r.11)0.5 Ren iniolo tody 25 Ron trcole Body
--.m - -- . _ -. _ . . ~ _ _ _ .._ _ . .~. . . . . . _ _ . . . , . . . . .

.ECY.:
'

. -

D n Cniculcted radistica dos to perncv. ou:cida the exchtsien rene ip

N resulting frun purginn the contrite ent to control conbustible (;ases
concentrations.

*

A Calculated radiatica don 2 to parsone. ou!.sid2 of the exclu11cn roaaD =

resulting, frc:: contein 2nt letskva after a D.'siga Hasis; LOCA.

PSS CGCS cubsynt'.:n. onploying the pur';r principle,=

i

NPSS CCCS cubsysten ct.p'.oying a phyn! cal principle other th in purge.=

' P5S(MU) CCCS subsysteta od. ploying the pur;,c principlo, but ut:cd onlyu
,

as backup in the event of failure of enother subsysten.-

;

:
4

O

i

1
'

. |
|

[

! t
, ,

t

.

O
.

I

I
-. . . . _ _ _ _ . - _ . _ - . _ _ _ _ _ - . -- - ___ , __ -. _ _ __



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

,. .

. .

,

C c.
'* - - -

. . .

i RTH -6-
.

4

.

.

A singic CCCS subsystem employinr, the purr,c principic chall be
acceptabic if the calculated douss at the exclusion zone as a

result of its cJeration are uithin the linien specified bya

10 CFR 20 (CASE 1). In particular, the one-year-averar,c dose
at the exclusion zone bounJary for thic release shall be 1 css .-
than 0.5 ren, whole body, end 1.5 ren, thyroid. -

If the' calculated dose as a result of purging is greater than<

; the 10 CFR 20 limits, but the conbincd accident and purge dose
is within the cuidelines of 10 CFR 100 (CASP. 2), at 1 cast one
CCCS subsystem using a principic oth:r than purgs shall be requir-
ed. As a nininua, a sincic back-up purge subsysten shall also be
required. -

. .

When the cor.bined accident cad purge dose exceeds the 10 CFR 100
guidelinas, (CASE 3) at icnst tuo CCCS cubcycters ucint: principien
other than purr.c chall be recuired. As a niniuun a sin;:1c backun
purge subsysten chall cir.o be required.

D. Daternf uction of C3 4 cad n: din etivity coacantretienn

A cystem shall be availcbic for the datornination of the 112, 02, r:ad
radioactiv.ity cencontrations within the ccatninr:nt. '(he systen r.hn11

1 censist of nt 1ccat tuo cubsysters, cr.ch of which ntets desir.n
rodeadc:wy, c..d relichility s:.cadard: equival mt to thoso c Jchli:.hed

;h| for the CCCi. rad ccch of chich is c.pch)c of indspr.adant parforne ice
of tha requ:. red f taction.! .-

!

For cach sub:.ysten, suf ficio.it collection poitita uithin the containr.mt

! shall be provid:d to clloit a rcatonr.ble de:9r.ductica to be nade
' of the avarcr.c rei cnd radioactivity concentratiena, cad co11ceticin

points shall be lencted in areas of cur,nccted hi<,h locc1 coaccatraticas.
.

The tine requirod for the deterrinntien of gnn concentratiens shalli

b2 eermacurate eith the conservctivaly predicted vrte of conbu tibla'

| gas generatica nnd accunulation. Tha accuroty and perforn race of cas
i ccueentration nansurinr, devices, in thn ran.ec of the nas conecatretion

Jinitt (3-4 v/o 1.:2; 4-S v/o Oy,) nhall be denanntrated to to nuf ficient
i to alle:r conce.;trat oa pr:di c: f or... t o ,', 0.? v/r , of eitht;r p.s t adert

i pnnt LOCA o?rrc:fue, conditiene.
1

Subsyster. chi.ch rc nov: althoina r:0Joactiva t sterial f ron the er.atnin..
r.an t , i.hr.11 bs d:cigaeri eq necorr.Wate co inr."tiv9.y pr. dicted activi ty..

coa ccat et.t f e.m Con -!d.:": tica r.hw1d inej uk rcelietien amor.ui e to

c'p a rc;n t s , raf t. t':" ;,aitor!.' :, the nbili ty to ird M e lit'00 in the

event of f 0(1tr/c , t :0 t.h2 cf fect of r:-diction en t% necurtcy of tha
cc:1 en t rc t i rn r n.:.u re :t.-

.

e
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iE. fddit_icnni Dui m Raoutreanne..n.
..

r

The CCCS and the systen for the deternination of gas and radioaceivity
' '

concentratiens shall coroly with the follouing additional design '

.

requircrants: '4

1. Power
- ,

Each cubsysten chall be capabic of acco:gliching its function |
when operating on nortud (off-site) pouer or uhen operating,

on ceergency (on-site power.<

1 2. Is lat- o. ~ . ion -
,

t ,
> .

1 Fluid linas which ponctretc the containment shall co: ply uith |
| the isolatien vr.lva rcqntrotmts entA}ished in the Guaoral
.; D3 sir;n . Crit eri a. !

3. S t r u c t u r s t.i.h.n i.m.....

)

The systen shall be det:!:;nad es a Cinen I (::cisr.ic denign),

cyntem (one ET! M ). The synten chall ha decicned to with- !
1 ctrnd unteral phcao:nna othat th .:. certhqur.het (e. g. , t ornado.'s ,

'

!

i cea ET:1-1) in ca:'sinstien with other t.ppliethic fere u c:: cept
: that the:m oth r natural nIU occurrin't nirdtt::cously I hene".na need not ba cannidsred acith tha loss-of :colent acett'ent.

|

4. .s..h r.i..n.aa ,

i..
a

.

! Syntetu, uuh.tyster.:, cmc /or cc.:ocacats t.ny be rhr. red batenen
3

!
rnits for 'n tult.iple pl:.at f aci.1ity. 1.'ithin n Unit , rhnrint;

.

vith othar synte u shall be all.cu:td if it er.n be ri orously |t
j damnst rated: (a) th:.t tha quality st ndarr's of all cyctem '

| ara equivelent, rad (b) :hrt the full d:: sit;n poteatial of c.11
:

systens required folleving ta cecident ecn be provided. |
!5. .C. s.a v o.1.. t

,

.. ..
,.

A1,1 cx per.caen r.h: 11, 2 a n'.nhan, be t'ecisned cad f arict:ted !3

| to tha 1cter.t cppif enble codes na qt:nlity canurnice t.tc.ndards. (

The !.ynter.1 c.h nl .1 b2 d2:.ly.cd t o f onctica in ti.:. po:.t : ai6.at [
cavire.:n nt t ad t M c fi: e ra cro eIdarc-d chotad in cluf a pien

{!uhippint:, r i r.:tila f::ca c., .pc.:u c. t.: , c A i t bi o ta a c f f n e t *4,
4.nd thq px< .ura, traar . tera, i of tttre, radier.etivity cndg

3" c.her. ical cc:: 'I t.*.c '; rn"' tiny f r: 7 a k :. :-of-c: nit.nt i ecidan t, i

|

}
'

!
\ ,

,

m
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To the extent proctical redundent subsysto::.s and/or conpo-
ncnts chall be placed in different locations to ensure that
damage in a specific area will not inpair the operability
of rore than one clonent.

.

F. Controls and Ins tru;. ntati_on,
. ,

',

Provicions for automatic initiation of the CGCS need not be
required, unicas the predicted tine to the onset of excessive
combustibic can taixtures is so short (~1 hour) as to preclude

: . nscured nenual start-up. Systen controls and inctre.:ntatica
shall be desir,n:d to protection systen stendards cnd shall be
adequate to deterraine't.hc perfortunce of the syster.1, to indicate

; conponent fcilures, and allow for suitching to non failed sub-
] cysters. Redundancy rcqu!.rce. cat's shall be sit.111cr to those for
d the CGCS systo'.1 as c whole.

C. Failure I' ode end Rolichilitv Annivses

i Conparctiva reliability nnclyseo shall be uned cs one n?thod of
supporting th choice of a preganed CGCS d: sign cad to deronstrato

j the of fcet of preposed sharing on reliability. Failure readc
t.nalysa: chc11 alco be cendutred to feronntrnte that during

j oport.; ion, the CGCS cr.n accer: dcte the icilure of nuy sin.nle
; cetive corgn: r.t . cnd still felfil.1 its requ! red f t..ictict.a.

i
i 11 . Perfo": meo Dr u tv :ritne, t s.d Pe ri. r.i.d.i.e...T..e.r. t.,i..n.q.
,

Each c::Tentat of a CCCS chall be tested to deranstrate its
t.hility to rect its fractionel untforn: ace requir0 unta t.ithin

specified lief.ta ent:<r environe.sntal conditicaa thich nit.:alato,:
i t.3 ucctly ca uonsibic, those which would c:at,arvrtively be
l calcule.ted to c::ist et its' location fo11 ming, a d.'sinn brinic
! I,00.L Theco include, es a ninint r , conditicas of teware. turn ,

*

i
I precourc, reirJ!ve hintidity, contchu ant spre.y, cr.tctnal radiction,
. cad air borne or cancous radioactivity.
1

1

Perforrrace de' ,nc t rctions r.hnr.1d includo ourt. tic.n vader sf .ulttedi

! cccid:nt c:.ndi ti c/.ic fo r p.:rlodA o f t it.:: in e:: cess of thosa for
I whi ch tha ec 1. ar.:nt i .oht ha' p a:d.ed, t.nd s'. avid iM en e f re dnt.1d

,

fron nyt.t entic feil ote #r t hich nir,ht rtcolt in tha 1 css of
redt ade.i t co p; : n tn o f t he cy r.t a o r nths .:L en,;,

i
3

| M inrt elle d CGCs chu l be priodice.11y tened to dc cwat ret e i ts
! co.itini.-d t. bili Ly t o p arf o. Its c' a l'.a ft M c1. Serh to;ts
I shall incled. rearct $r of the entirs cyatc.t. nnd t o a c, rect n
)
|
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degree possible shall sinulate post-LOCA conditic.ns. This
requircrant is not intended to specify that hazardous, or near
hazardous r;aa mixturca be created for such tests, but that
suf ficient cor.bustible gas input be sinulated to der onstrate
tiininun acceptable CGCS performance. .

,

The testing schedule for a CGCS shall, in general, conforn
to those for other vital engineered safety feat ares, although
more frequeat tests nay be required in the case of a systen
t' hose reliability has not been deronstrated.
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_APPi:NDI?. _A

lTTAL '..'AT::H HSACTIOU3

I. IhTRODUCTION

The three taajor sources of combustible gas evolution in event of a LOCA
are clad-vater reactions, corrosion, and radiolysis of the post-ace,ident
et.crcency coolant. This appendix discusses the extent of clad-vator
reaction that should be accused in evaluating the acceptability of
proposed combuctible cas control cycten designs.

II. _RECO:O'rMD/. TION.

Uc recc:;r.and that 5% of the feel clad be escur.3d to undergo a retal .:ctcr
rer.ction as a result of c. design basi:, loss of coolant accident, and that
th: hydrogen gas evolved by the reaction be considered to cppear at the
tims of the LOCA.

III. D? 00U33IO:|

It is canerally 2;; reed that the enlculationM v.1213 v: d by crplic.nts
(m1 reactor vend:rs) to yralict 7003 ;urfcr rce tra conse: < .tive.
S.tch calculsti:'n3 ind le r.tc th at cven d 'Lrc/.:d '.0 '3 p erf or".cn :e 10
cufficient to re. strict r.u:ir.tr :Ini t; ; ;raturcs to the ran; 2 of

P300 05CO '' for a deri;n bnste LO C .1, end to li;.it i .e concan!! mt c? a 't

t: tt.1 . nter *ranc ti<: n t , a f: ' tenths r.T : per 'nt 0: le30. T.ri2ri M -l

r; n ?.t: r ?l .tal t o sp a c i''i o .u . ' ; ;.n 3 f th, ~ 121, in ure t;rl io -:r.v
g th2ir cenaervr.t!v: natura cf the .c prtions of the n:?213.

Tvo tmj:r n au ;.tions are .112 3 c" 1;'",5 c al - '' a li r.;; to pre .i f e t EC-'I
p rf:r...n:2: (2 ) that ti.2 o r :;. . '! 0:m hett tranaf . cc::atr;, is.

retn'd being the ~ 00A, nr.3 (E) th't the y,r:n 2nd 100: 1 h;. ."adyn --1
hht.vior of the c:cre durin;; ti.: tiveh .n .ni refil.' !' ., tran 11e:.t: c> n

,

be c:.cervstivel,s pre:iic d. : t. i s civ !.c u s th - th:2 a,:ur tion.;

int.c r a c t . It is alce v..r arent that tha e : cu:^ ? c., of sn.v .rredi: Lions.

tr2 h by the r.odels is de,r.:nicnt up;.n th : validity of the 533 ptionr.
.

. Riel clci perforations tro predict:d to occur ext <:nnively in a reacter
core undergoinc a LOCA. 'me c.xset nature of such perforation:, by
ballnundry or r.M ttin.c., h n not b. : c -m:et<:? : 9, :1 err.:r c. ;nt: l' .v.e

kIl Cikf'2.' C '1.I(* p I l2 { e."[I*['d t ) ' '[ I l . '3 0 .~2 N 2]i.*Ir tu'' r'O re t)'
..

crigin:.1 c: ra (,_ .2try al c. pa:o ' b t.: f.' r.' r e:' e t i . .i . / vialent.

r : rf r % l en r.ny e c fr e d: .7 ' to * :,' t : fu l roir, ari locr.). T' o.

re., t r i c t. i c n a , se c resul.t of t - % i- r f: . c t :.n , cou.' i j 2: A to
O'ld iti''D"1 fl i3 u1 O s Of f I,'t Co " .C'J. eth Cf i:e:42 OV0ntO, 0.7 '|r' 3 2.



-_ _ _ _ _ _ _ _ _ _ _

.

.- ( (
-.

. .

.

.

-2-
.

as other core c;cor.ctry perturbations, provide tnechanisns by which local
failures can propagate to af fcet a larger area of the core. As reactor
power densities increase and power distributions becone t ore uniforn
the potential for failure propagation in high perfornance fuel rce; tons ,
will be increased. The flen restrictions end inpaired cooling canacity
associated with such failuren are not censidered in ECCS rodels. '

.

Successive flou-stervinn and cooling of r.echanien11y disturbed core
regions could provide the initiation source for."chuqcint", or coolant
flow oaci11ations. Such f1cu oscillations have been c&:crved in scale
codel blowdoen tes ts, but are not accounted for by ECCS perfore:nce
codels. Lorne scale flow raonoli.cs nay be cauacd by syste-u-related
e f fect s , such as stca -bindinf;, to furth::r cast doubt en predicted

'core coolino, crochilitics.

Expe ririn t al nrontr. . spon,ored by the AEC (rLEC1tT, Mll'ST, and 1.0/T)
c.nd by the varioun conlictnts are vaderuay which nay resolva ncay of
the avecs of coaccia en th predi et t on of ECC.9 t,. rformaco. U c.: ::ve r ,
the ennerimntal dat a precen tly cvailabic, while c:: tree.:1y vetur.51c,
are not cof ficient to verify en analytien1 r Mel of the b1cndoun

accident inc.cr9arctine tha itav potentially sienificint i n t o r:.c t i ons ,
vhich r!ay ef fect core ceslina, rad cubsegran t re tvi water reactica
p re M c t ion s . .

At the othet cnd of the ECC; Ierfornance nccle' there ata c Li aton
Wiw.th vh!.ch indi.~ t o th a t felt core t el t, r.c a raavlt of total FCCs feiture,~

vould to cecogi.nied by so::. 25' to 50% elr.d rm.tni-ua'cc r re c ti t o.

I V. 00'KU:9 TONS

Ifhen the periorntac.2 o f cnc en ;ir. c red s::fe ty feat ure stto :nly infitencea

the f racticavi perf or nnee recet re. ::ntr. of r.aother, va teFeve tha.

these perrm r ine: t equirernata should he b: v'd c.a t he a;r.rmntica thet
the influencinq ny t r a rer fom:-nca is daq:d: d. Tha ce n t of c'ec rada-
tien should bn colected cn the basis of hav.m cnd assered perfotor.nce
capnhilitien. The perfornence of the ECC3 strc.n ;1y ef fects the ennvat
o f hydro: ::n thst ni r.ht be e.olv2d f rcn c1 A mtc1 nter reatien :

d u r in . t h e 1.0 -'/.. Thi n hyc': : ,: n , in turn, e.crv,n ra innut in er.t al hhim,
the fract in: el ne rfem nce ren,ui r: : t. " fo: tbs c r . cc. . I: vico e' tl ?

i:a c e r t ni a t J : cox c ra h r.rCS " . r f om.n c.c tire di c t ' r.nr. , re c anci e j., thr.t ,
for ths pe rpc;:.c o f o v.l e: " J :4 t' - ..c:mt 'd ! ? t :. of a CCS , it 1: rnt on.hin

t ri c m t. - ' that the FCn ec_ fc. :ncn is (: rc %d to the emnt th:t
< i t ' ' ' :t l J' Lt*: . t reld lm F ! c,h i ,cc.lcrirt i c s o f re*>: c ,e . c c - "a t :: ''th .ny

'

'.

r e m . * : I t e.f 10 t orc t .M . !!o b lic s tint, fc t v r. : (-- s
,

,

15% es t r.blir.hs s uc h r l i-!t . Fu rt ha r , v.' '. 'l i c - a- t r i. - .' t r r:: r.c t i c i o f
tho: V' fr. not r a, n m .c nN u va'- to n .c eci:a e ri t h . en r sit of th -

une.n i t ed:: . E: this h d . u hava ) ., c v d th : e 5'! ( 1 2-
- r rc:rtle,'

;. 'il c m's coitrolnarrd ccGeha . .e :d for the purnate of cvrie: r N '

n v r. i t .

.
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_A_ PPENDIX B._

.

'

ALUMI; il'4 CT"iO3I0tl

I. IT.TBODUCTIO'l

Significant unounts of hydrogen can be generated by the corrosion of '
aluninum under post-accident conditions. Reasonably conservative aluminun
corrosion rates should be assu: rcd in order to predict this contribution
to the part-accident hydrogen concentrations within the contnire.ent.

II. .C._OT%03IO.': PATES

The corro.; ion rates of cevertd,cluninun alloys h..ve b:en rassured for
spray nnd it::;ersion con 4f t f ons, using,bncic solutions of the tyrc proposed
for PWR c :rcency coolin; and conts.tr.t:.mt sprny systems (Heference 1).
k corro. lion rates were high (150-200 uil/yaur for spray, and 25-100
mil /yeerforArcersionconditlan.). For the Iurpo >e of eveluatin', hydroc,en
Canarat ion due to corro.'.J on of clunir.un in post-lo"A cituatican in rhich
the tr.tcriel is cr::oced to npr..yed, bute nolut f ana, ve b li":ve th .t a
corrosioa rate of 2:0 nil /ycor sh:dd to onsu nd. For clunt r/>ra total)y
irr rsed in basic solutions, we h:.1.ieve that a rnte of 100 uil/ycar ch>uld
be c a su:.. .l .

Ti.: corroc.ien rr.t of clW nu:2 in neutrtl r_n] 3) !:.htly neidic rqueour.
solutien- (Vg< p?i( /) ir t;. ' 'r - ' 2 : 1.cs . of the e,rJar cf :rneti - of a

i -

nil /ya:.: t o s . '. _ : . l .' i l/ y.: a : ( i:2.'c : :,:n P c .i 3), i:owver, tha
4BIman rr.tc nay c. inc.e c e.1 b;. in:.re sing t;.a colutir a tc:0 'rt.tu ra or ch n:in;

the ch.'. Leal em im.itio. of thr s o] r. :. : n ' . . b :11 ;ve th .t corec:fon
rt te of p3 .11/yr - thw] ? ta : ,.:ve el .'ev r. at. i 1 : . :.lyhti y r.c M i e
colutions. Thi;. v,1uy is conter < t l'.c.ly h;;;h, but f r. n3t re strictive.

/luainum corrosion reruit: in 19 3 ft3 ( 5~'P) of l yJr?;..m gr > ;;r pDerri
of t.ata.1 conc. . 2 1. For thin e]uninr eeti: , , .n u c': u a reflective
covering on insu.1:. tion, corresion-pro.tuced I?p nrei only be considered,

unt il the s e c t i ni h a . be .~. co :p] e t . ly c an',ut :3.

III. REF2RE!.0'-:S

1. J. C. Cr: : . -' /J. . r r e i. 2 , , " 3, . . . blut bn: C.;rro ;ica Etediar.",.

OMif. 'i n: .''.79 ( 3 c .'.)) r . 74.y

P. II. II. U'.0 ic.. C[r.s '.Jrn :': 1 C'rra:' t . C x. . ' :J, J:cn Ui)ey 4..2 3a:,, In:,.

(192) p. 20

3
.

'| a l . J ,' r r t 1: (?: ' .), 'r- r:efen . p;10 ' . m."_ .e.t :.r ::e: -

( .19. 0 ) .. . ..I: y7p.

.
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_AP NtDIX C

-RADICINIIC CL'. CAT.IO:: _ 7 In'3:'_02:1 R'D OU.G'1.:0
-- . _ - -

.

I. Ittf80D'JCTIOi!

Hydrocen and oxyt;cn gas vill be produced by radiolytic decomposition 'or
enercancy core coolin; solutiona in the pect-LOCA pariod. O n cenerdtion
in the core racion re ulting from solution radiolyals induced by fission
product carzcc radiation is a certainty. 31milerly, radiolytic cac Con; ration
vill result fron ficsion preducts which cre released fro:a the core and
become dicsolved, or Lut.f anlal, in the enercancy ecolin3 solutions.

,

Reliable' predictions. of radiclytic r s Iroluction require the knmiledce
of the e. tount of r:4diation enor!;y ubscrbad in the coolir.3 colutjan crd
a 0-valu relating cas nelec cc eratel 'pr unit Of cb ?ri d enarcy. In
principle, the c: mount of c urcy nbarrbal e n ba calcul .ted fro:. bnie
dat n;.v cv:d ) nh3 e . C vn3ces, en the ather hsn3, tre corplex fenetto:'c
of m n.v v.'r i .bl e s 11 r.u > t t. : e:". ; 'c V." date: i .u i . Pertca;:rs kno a>
or balicted, te t.frect G..:_lu 4: incla .: . 2 in:n- c o:: J tria:fe: (U:r)'

of the rcliation in gestion; tre ch_r.le:0 c;n;;:: Lie n : r.' r:t of the
colution; t e.. ; ;r: '. t re , precaare, flc :..:. .3 p.> . tr:lcetica rate. .

$n the colut.ina; en! th rei.>'i'.2 6- en:1 lirmid 2.: e volu s of th::
irri. listed :ystem (reference:. 3, 2 :r.; 3).

II. .I ., .e , (,i n., .- ,. ., .f , . . ..s .

~............7...... . ,.
. - . .

Under the :.;:.'c ::t ! ca ' h t. tL . r . ne t:: cor: r e t r. ' : , i t e. : re - t c e f la r.tp~
ca ma t ry, th ; :y:a c: % .'i- . : n: ::: t .- c..r;.* c:ac~' A :,.!' .,,b;:11:'

iS s... .s q . .J... .. $ . . , . . . . . .
. < . . . . . ..s- .

c<
. a

, . . -

., ..- . * s . ..eL, ....s...,.

s ..

is c,::r.ticIly to '! .c; c..n. iia.icr t ., th; .S. n al . " : ir e n s) .' a;.

solutien: c a to fic:;o' .: J c e:. t : t ?. r' -in, v:U c' ab.str.:rd in th:y.

fuel rois ("aferenca h a r. ' 5 ) . '; h s d of b i t e t , e_t .:.1, e rl ! r! z i ':,
e n h a u r. ': 1 t o sh t n i n r a O cy ; . r.m. . .:. i n ! c n o f t'::' .: c t -:.l.u t i r in

. .

carr ...rr; Int an..i ty ,efunL;nof L: .n-ray e= rcy, th".m of or:r. tion,
nn.i J eric3; of shutt. n (?-re r e s .- 6 : . r ! '7 ) . S:lectej r.yra:ent.*. tic as-

of thace re x1.ts :m c : . .m 1: '.; "re:> 1 4 n1 P, for a 3;:L | c t n -c.t u+

with a 2-year oprstir.1, history.,

|

|
|

| Est Lutes e ' th: fr :L'- o f f a , .4: 2' ort m 4. r . a .:o/ b :.M v;
'

by c :,o l r.n ;. i n C' . c , u .1 : . re ; m .' c 1:11ction :1 - . ., :
, fr:

'
' -

0.03 to 0.21, ( . f. 5 0) - r.t ~ l e :1:s !' .; ; ult s m;
' ,

. .,

i n vul n :. Of 9. *g .',. " t .* c .1c t.' e t :.,.- t o w. '. 2 L. 1 5,.|3:.
i *-
|

P. } r e c i . f .)'i !.1 .' .
''

^

t.'' t : rl (: . ' * * . > h . "ec'
.

t ee.' I I' I' l'. O O! . .a .-
. i .* 4 : .- t I. ' .U . ' ' ' ''

J'.' { '

cuch ra C: fien c' '-i " ' : f. C 1 i, or . ; . l '. , 'i.t. m,. -,

|

,

1
.

i

|
|

|
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from the fuel due to electron enerCy loss there. These secor.dary effecte
vould increase the traction sl cbsorption of fission prcduct ensrgy by
the coolant.

We believe that a value of 10% of th2 fisnion product ccuu-ray energy
should be essumei to be e.baorbed by cooling solutions within th: core
region, with no correction; made for the rclease of scr.cous fincion
products from the fuel, a: a reasonably concorvative value fo' radiol'ycis
evaluation purposes, yggurc1givestheintegratedcam':2-ray en:rgyrelease, from 103 to lo seconds after chutdoun, for a 3000 1.'.et reactor. .,

III. IN-SOLUIIO!? EN:'aCY A330RWIDM

The amount of radiation enarcy ab;orted by the cc.crcency coolent due to
fission products dissolv.:) or-suspanJel in it d ; ends directly on the
relen:c fractions froa: the etic and th, degree of uptake of the released
isotoges by tha coolt'nt. *

For tho e isotol.es which tecor: d is s ol'ze:! tr tu;; *nded in the cnolunt, e
realistic yet con:crv .tive pro :Jura in to r.3." a thst, al3 the c: n-rny
enargy and thnt fraction r,f ti.2 12t c d e ny cr.crcy t.ypa t ri n ., cc. ki:.; tic
enercy of ba!0-r:rtic3c., ( 33a :) is eh r;: . b; tL: c ; J n :. .,

Vc believe that f 0: the IJryo:: of evalu: 1. r ; d'.ract rcC t' l; t ic c:.a
prod uctic;) in the ecclent, 50) e ' cl1 rr :i;:,lir. s nud 1;', of all. solid
firsfun pre.P ets inJtiall:. In the cera n'.;uli 1. - , nel to h a J : c olv.: !,t

er er ,p nl.:d, in tha ca '.r t. " _ ' _ v ; '. . ; u . ; 3 ! e t o . '. -i' F tha m:a
'). 'i . iM: .yin the pc. t fer ac: idaat a.nt:.ti;n ; . y ace ( ' t: f e: : :. 2. ),, , .

+ *h encr'.e t.bt ori tion - b2 t rh ^n d i r-:c;1.v : r.a Cu / 2 / o f t '.. u 2. Ce r ce '
- u

of yli;.rc 2 ia the avu 0: zn i.- a-rey '\ t :t--; rt ic' c ::r.:r j rc h: '
;

by J '', cl n! ) fi c .: . a ; -+ t, .

IV. 0- VA!)J:G

| Va}un of C(::p) r.nl G(Op) 5 . b e: n 123 - ' cd b; C.'.!:L, u s i r; : r/ a n) t,, :! : n1
' P.'R syrey colution.2 cx:::ca to C0 69 c: : . redint Ln in ch. " vi J a, with

ree- 3 ni 10). i'.c J testve.ry? .u r;e:- to-li e n H : P - : at i: ; (: _:'' :

detr. Jn11c ui.e G(!:,) v .'.ucs i:. the rc.n;c 0.2 0 5 nalacuhp/lCD e c, with
stoichometric ataounts of oxycen producel (C(Op) - 0.1-0 5 malocules/lCO ev),

|
t . . - . . . _ . _ . . . _ . - . . , . . . . .

d I nb7 [ t#2 (Nr I b2 [d h~ ' c5I [ I. ' 4 O i$ b' i - 'd b. ~[1 2.'''

1Q

| f o,r t'.. ti:t 'on ;r:b;; ; -; . :- ra.1 - . r r.t: 's: i L.. ;_r:c
3Gd s:.:c to '(:o ::c. ';.:: ' ' ' ^ .' t ? a .: :1 :. ' \; 2* :',

ufmm a n-4 y f- c. m = . = +. o s . - 1, v o r, , .
..

;

i
l
i

.
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cxcept in the case of Ib 3 02 2 3 solutions in which an Op scavencing reaction
Ctvc rise te etpparent necttivc G(0 ) values. A to:t Ignificant result2
of this and other vork is the depunhnte of T.a T.raduction on the cl.micalcomposition of the irradiated solution (Ecrcr:nr.2 1 ani 2). In general,0-value: increase ca the colution departs trou "pure" vater.

.-

Since the 010!L vork used only 00-60 gema radiation, the offcet of radiation"quality" vu not deternined.
In a reactor eccident situation, a larC0

portion of the radiction energy absorted by the cod f n6 solution v4.11
be delivered by electrons of lover enarcy th9n thoic resultinf., fron Co'-63
Carm rays in vt.ter (Heference 11). It in exp 'etel that 0-values vould
be coteNhtt higher for the lover energy electrons (h!cher LST), (Reference 12).

L'c .believe that the fol?.Ouin; c'-vnluen are rencon@)y conservative .ni
should be assued for radiolysis evaluitdon purrr,n. 'no use of t)ese
values is recc=.2n' led in viev of tha luch of completo ex;eri:unttl data,
and the fact that the chenistry of e: urgency enre cding t.Mutions t.ey
not be conterlied durin2 the ; : t iN'' f arf ud (:'efe : 02 13).
I:orn:1 Vclua.s

C(H ) = 0 5 n:le:u.'es/100 ev2

C( fp) e C.25 ..aleculer/lO3 cv

S:: : c i ,1. Y tl u ; ( D e '.. h a n "; u re " ve t a c u. t2 e s nu .u : say 0-2i hr: n t't e r L'.1/. )1sieme
+t* C(:!,) 1: 0.'S relecules/103 ev

c

C(O ) = 0.13 relec.ile /lC3 evp

.
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Memorandum
To : Those Listed Below Dart: January 29, 1968

Saul Levine, Assistant Director for Reactor f.(/
n.

mou :
Technology, Division of Reactor Licensing,. s

susJacT: REACTOR TECHNOLOGY MEMORANDUM NO. 4 -- EMERGENCY CORE COOLING SYSTEM
EVALUATION GUIDELINES

DRL:N&STS: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 vill forward
to you in a 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 is requested
that any coments you care to make, as a result of reviewing these docu-
ments, he forwarded to Morris Rosen by February 13, 1968.

Attachnent:
RTM-4

.

:

Addressees:
R. S. Boyd, Assistant Director for Reactor Projects, DRL j

D. J. Skovholt, Assistant Director for Reacsor Operations, DRL
Lawrence D. Lov, Director, Division of Compliance
Edson G. Case, Director, Division of Reactor Standards

'
cci P. A. Morris, Director, DAL Q-

Branch Chiefs, RP
Branch Chiefs RO
Branch Chiefs, RT
Assistant Directors, CO

Branch Chiefs. C0
Branch Chiefs. DRS

I

|

...t. . . ., ,,,

.' ..
,

k

Buy U.S. Sasing Bonds Regul.srly on tix P.9to!! Sasing Plan

ggowe+H- d p-
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Emergency Core CoolinR Cefinitions.

The emergency core cooling system treated below comprises (a) the water
storage facilities and the water and additives to be delivered to the core;
(b) the piping, fittings, valves, pumps, heat exchangers, injection n'ozzles,
spray headers and associated equipment required for transfer of the water
from the storage facilities to the core; and (c) the piping, fittings,

.es, pumps, heat exchangers and associated equipment required to transferve
cw heat to the intermediate heat sinks (e.g. , service water system). The
guidelines which follow also apply to the functional requirements of the
controls and instrumer.tation required to actuate, monitor, and control
emergency cool'ing 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
i methods (intermediate sinks) for transferring heat to the ultimate sink for
I long-term cooling following a loss-of-coolant accident.

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

Active components are those whose mechanical operation is required to cou-
urol 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, tanks, and piping).

i A loss-of-coolant accident is any dec::me in reactor coolant inventory
greater than that which should be accommodated by 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 coolant
makeup systems chould be designed to cope with a range of small, articipated

! leaks, such as failed pump seals and valve packings and brokan 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 mawi== blowdown forces and
related phenomena resulting from a loss-qf-coolant accident in combination
with other applicable loads without impairing the ability of the ECCS to pro-
tect the core in accordance with these guidelines. More specific design

| requirements for these components will be provided in other documents.

1 - ECCS Functional Reaui.rements

In the event of a loss-of-coolant accid int, the functions of the ECCS are

to (a) limit the peak clad temperature veil below the clad melting

temperature, (b) terninate the temperati ce transient before the core geometry

|
,
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necessary for core cooling is lost, (c) limit the fuel elad-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 for all sizes and locations of breaks
.tn 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 - Martin Requirements

For small breaks the ECCS capability shall 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-i

tion to allowances in the system capability to accommodate such anticipated
factors as leakage from components, core bypass flow, spillage from a rup-
tured pipe, and delay in system initiation. The calculation of required
system 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 require-
ments are mot.

l

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 ackomplishing the ECC functions. If a short-term subsystem
is based on a* stored energy concept (one requiring no external controls,
signals, or power for its operation), only a single such subsystem need

~

be provided if it has sufficient redundancy. For long-te're cooling at
least two ecmpletely independent subsystems shall be provided, each capable
of accomplishing the ECC function.

[h Short-term subsystems shall provide coolant injection to both the top and
I

the bottom of the core. Long-term subsystems shall provide the following
I capabilities: (a) coolant injection to the bottom of the core, and (b)
|

d ther distributed coolant injection to the top of the core or a cavity
|

around the reactor vessel which will ytickly 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 considered to assure that a single f ailure cannot disable both subsystems;
failures of sheck valves to operate need not be considered provided the design
of the subsyste.2 permits f requent testing of the operability of these valves.
In evaluating long-tern subsystems, both active and passive component f ailures
shall be considered to ass are char a single f ailure, by any mechanism, cannot
disable both subsystems.

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

4 - Redundancy Requirements

The ECCS shall have suf ficient redundancy to permit surveillance and repair
of the principal components (e.g. , pu=ps, turbine drive units, heat exchangers,
and stored energy tanks) without decreasing the number of short- and long-term
subsystens required by Guideline 3 and without decreasing the performance
capability of these subsystems. An exception to this requirement is that one
of two subsyste=s may be incapacitated for a period of up to 48 hours for re-
pair of components prosided that during this period the emergency power source
is continuously operated and the re=alainF subsystem is tested for operability.

Redundant subsystems shall be located in dif ferent 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 st.bsystem shall have suf ficient redundancy to accommodate
o spillage from the reactor coolant system break without decreasing the performance

d * capability of the subsystem.,

7
i All emergency core cooling components located within the reactor vessel shall

be completely redundant.
|

5 - Isolation Requirements

( Each line chich 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 cut of containment (such as those lines from sumps
or suppression pools) shall incit.de 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 lines 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 diversity and redundancy (e.g. ,
flow, radioactivity, sump level, etc.). Indication of coolant loss from
the ECCS shell be provided in the reactor control room so that the operator
can ensure that the f ailed subrystem was automatically isolated and the
second subsystem wa s automatically star ted. 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 chared, no feature or com-
I ponent of the ECCS in one reactor f acility on a multiple plant site shall

be shared with any system in another f acility. Within a facility, no sharing
shall be allowed 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 (c) by f requent
testing that there is a high degree of assurance that the systems and com-
ponents will perform their ECCS function satisf actorily when required.

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 conducted 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 compot.ent can disabic both long-term
subsystems.
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E - 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 is 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 coolant system vill 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 earthquake,
(b) the loss-of-coolant accident, and (c) other applica~ ole loeds. The systems
shall be designed to withstand other natural phenomena (e.g., tornadoes,

k hurricanes, etc.) in combination with other applicable forces except that
p' these other natural phenomena need not be considered as occurring simultan-s

N eously with the loss-of-coolant accident. The ECCS shall be designed to
function in the post-accident environment and the effects considered should~

| include possible loss of component function, vesseli'and other component
displacements, pipe whipping, missiles from components, coolant blowdown
forces, and pressure, temperature, moisture, radioactivity and chemicali

| conditions, resulting f rom such an accident.

:

10 - Actuation acd Control Reauirements

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 actuation, monitoring and control from
the reactor control room.

11 - Testing Reautrements
|

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
(component 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 system will function properly when an accident signal is received;
i.e., it shall be demonstrated that pumps and valves operate on normal and
emergency power and water pressure,and flow are as designed when the plant
is operating (periodic system surveillance). When the plant is shutbown
for refueling the system shall be tested for delivery of coolant tol het

vessel. The design of the system shall include provisions for maximum
practical visual inspection when the system is being tested.

I

i

f

|
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1 - FCCS Fu.se*.ional Requirements

The function of the emergency core cooling system (ECCS) is to cool the

core in the event of a loss of coolant from the reactor vessel. n e break

sizes postulated for design of the ECCS range from small leaks, which should

be acconroodated by normal reactor makeup systems, to the unlikely, double-

ended instantaneous rupture of the largest P pe in the primary coolant syste.m.i

Peak clad temperatures should be limited to less than the melting tempera-

ture to ensure intact, coolable fuel elements. The peak temperature is further

rectricted to bein;; significantly lower than the melting temperature because of

uncertainties in the mechanical and chemical behavior of the cladding near melt-

ing (3370'F for zirconium) and uncertainties in the calculation of the tempera-

ture tsausient. As additional heat transfer and clad material data become

availabic it may be possible to enumerate a limit on the peak temperature and

this limit may be near the melting temperature. Programs in government and

industrv are being conducted to determine the behavior of cores at high tempera-

tures with emergency core cooling. However, little data has as yet been published

concerning the typical geometries and the typical heating and cooling techniques

fer 41rconium clad temperatures in excess of 1800'F. At the construction permit

review an applicant should be allowed to extrapolate from the published data

in settirg an allowable peak temperature limit. Houcver, the applicants should

oc required to make cocznitments to perform tests, prior to applying for an

Operating license, to confirm the predicted behavior of the core and the ECCS

at the calculated peak clad temperature.
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The ECCS must limit the clad temperature before geometry changes

prohibit cooling of the core. Such geometry channes might be coolant

channel blocking by swelling or perforation of fuel elements and severe

deformation or f ailure of vessel internals and core support structures

at high temperatures. This limiting of geometry changes by temperature

effects is in addition to the requirement that the core and internals

withstand the blowdown forces in combination with other applicable loads.

The one percent metal-water reaction limit is intended to restrict the

maximen energy content of the total clad mass. The concern is that the

energy released from a clad-water reaction will further raise the clad

te=perature (self-heating) which in turn increases the reaction rate-- an

autocatalytic ef fect which could rapidly lead to clad melting. Since

the zirconium-water reaction is temperature dependent and occurs even at

the normal operating temperatures of large power reactors (to a negligible;

and permissible extent), it is impossible 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 is 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-

water reaction ef fectively decreases the calculated percent metal-water
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reaction for the core. That is, the channel zirconium mass is about the

same as the clad zirconium mass and the channel temperature is generally

lower than the clad temperature. Clad melting is the phenomenon of concern

in setting a netal-water 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 stored energy, t.hcreby reducing the enre temperature

to essentially the temperature of the coolant, and then must maintain

this temperature tintil the core decay heat is neglinible (nn boil-off hence

no need for recirculation and replenishment of coolant) or until the core

is dismantled in recovery operations.

2 - Margin Rectiirements
,

The ECCS should meet the functional limits with margins and these margins

may vary with break size. For example, for the smaller, more easily

controlled loss of coolant accidents there should be enough temperature

margin to licit clad perforations (peak clad temperature less than 1500'F for

zirconium) and other gross reactor damage. This margin can be provided by

increases 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 it is difficult to prevent clad perforations.

On the other hand, rapid breaks of large pipes are very unlikely. Therefore,

the intent is to 2,11ow designs that provide little or no margin (with respect

to the functional limits) at the upper end of the break spectrum (instantaneous

dcubic-caded rupture of largest pipe). The mission of the ECCS to term (nate
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and control the core temperature transient would be accomplished and radio-

activity releases from the containment could be held within acceptable limits.

Conservative analytical techniques should be used to determine the

performance capability and margins provided by a proposed ECCS. However,

overly conservative analyses have, in the past, of ten led to gross assump-

tions regarding the blowdown and core heatup phases of a loss of coolant

accident. Therefore, the intent is to encourage realistic 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 identifying the parameters which most significantly influence the cal-

culations and assuring that properly conservative assumptions have been

made regarding these parameters.

The ECCS capabiltiy and margin should be evaluated af ter allowances;

\ *

are rade for emcrgency coolant which, for any anticipated reason, does not

reach the core. If, for example, a subsystem injects through reactor coolant

lines, allevances must be made for possible spillages of this type and credit

for isolation can be taken in determining the margin.
|

|

3 - Systes Requirements

The ECCS function is 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 is required to operate rapidly following a loss of coolant accident,

but the total time of operation is short. This eine varios with break size

but it is generally less than several hours. Failures of passive components

are unlikely in this short tipe span and need not be considered in evaluating
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short-term cooling capabilities. On the other hand, f ailures of active components
i

! (e.g. , a pump fails to start or a valve f ails 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

cubsystem is required. ne f ailures of check valves, herein defined as active.

coc:ponents, need not be considered in evaluating the capability of short-term
|
'

s ub sys tems . 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 a reactor following a major loss of coolant

accident might not be possible until several months after the accident) . In

this time span f ailures 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 independent subsystems are

required. The redundancy of subsystems permits continuation of long term

cooling in the event of failure of any component, no matter what the f ailure

mechanism. The physical independence of the two subsystems (e.g. , no shared

pipe headers unless double valving is previded) ensures that a single f ailure

would disable only one of the subsystems.

The assurance gaired by requiring the ECCS to cmploy several cooling

principles (e.g., top and bottom injection) can be ilkstrated by consideration

of several postulated loss of coolant accidents. Firs;, in the unlikely event
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of a break in the reactor coolant boundary below the bottom level of the core,

recovering of the core by flooding within the vessel might not be possible.

Then, for example, 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 system

which 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 in a cold

leg of the primary loop or by release of high energy steam into the primary

system from the secondary side of a f ailed (during blowdown) steam generator.

Coolant injection from above the core to enhance mixing of low enthalpy coolant

and high enthalpy steam, thereby increasing the pressure decay rate, should be

provided.

All of the subsystems required to provided emergency core cooling over

the break spectrum should be capable of operating on normal plant power and on

emergency power. 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 is thus insured in 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, in 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 indication of a loss of coolant accident. Then if the break
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is small the HilSIS will be running to provide makeup and to aid the depressuri-

zation of the vessel, or if the break is large the RHRS will be running
i

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 shore term subsystems if it complies with the remainder of these guidelines

(includtag design for seismic loads), even if it 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 f ailure of an act.tva component cf.anot prevent short-term cooling.

4 - Redundancy Requirements

Redundancy of certain components in the ECCS is required to enable the reactor

plant to stay in service, in compliance with these guidelines, in the event one

of these components must be isolated for repair. With no redundancy the isola-
:

tion of a component is 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 subjected to a shutdown transient because of an

inoperable ECCS component. That is, depending upon one subsystem rather than

two for a specified short period of time is preferable to forcing a plant shut-

down. For increased assurance that the renaining subsystem can accomplish its

ECC functions, the subsystem vill be tested and the emergency power source will

be run continuously during the period that one subsystem is incapacitated.
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The time limit is a matter for technical specifications on the individual plants,

but a time on the order of 48 hours appears sufficiently long to accomplish

repairs and it is not unreasonably long from the standpoint of a'ecident probability

over the life of the plant.

Component redundancy for single failures is inherent in the two subsystem

ECCS concept. That is, either subsystem, by itself, can accomplish its appropriate

emergency core cooling functions. The two short term subsystems provide sufficient

redundancy to accomodate a' single active failure and still accomplish the short

term ECC functions. Se two co=pletely independent long term subsystems provide

sufficient redt.ndancy to accomodate a single failure, active or eassive, and

still accomplish the long term ECC functions.

Component redundancy within the reactor vessel is required for increased

assurance that the component function (e.g. , spray distribution by a core

| spray sparger) vill be provided. This extra assurance is necessary because
*

.

componenta within the vessel could be subjected to more severe blevdown loads than!

i

components located outside the vessel.!

l .

1

1

|

|
t
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5 - Isolation Requirements

Pipes which penetrate containment are potential avenues for the release

of radioactivity 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 pool, are to be considered in

the failure mode analyses required by these guidelines.

An automatic-actuation isolation capability for all ECCS penetrations of

containment is required. For those lines which carry coolant from outside

to inside contain=ent, a check valve on the inside, not necessarily close to

the containment liner, and an automatically actuated isolation valve on the

outside are required. Lines which carry coolant fr,os 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 (radioactivity and flooding following 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 isolation valves located just outside contain-

ment. In addition to automatically isolating one subsystem, it is required

that the second subsystem be automatically started to insure continued core
|

cooling.

I
!

I
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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 f ailure thus enabling the rapid, auto-

matic isolation of the failed subsystem. Devel'opment 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

which permits filtering of releases f rom 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 f acility 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 f acilities on a 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 in other plants. A possible

exception to this restriction may be the sharing of two cooling water storage
e

facilities on a three plant site.

Sharing of components between the ECCS and other systems in one fccility

is allowed only if the functional performance of the ECCS is guaranteed. With

such sharing the reactor operator may have increased control of all engineered

safety features thus enabling him to choose that combination of operating
1 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

OFFICIAL USE ONLY
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proposed ECCS. An ultimate goal should be to attach absolute reliability

numbers to the proposed systems, but at present there are insufficient data

on these systems and components operating under the proper conditions. There-

fore, comparutve 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 and without the proposed sharing
,

i

of components. These analyses will in large part be the basis for the judg-

ment of compliance with Guideline 6.
;

' The required f ailure mode analyses will serve to demonstrate ccmpliance

of a proposed system with the physical independence requirements of Guideline

3 and the isolation requirements of Guideline 5.
l

8 - Design and Fabrication 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 desigced according to the'

ASME code, controls and instrumentation might be designed to applicable 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 corrosion. The design and fabrication standards of

0FFICIAL USE ,0NLY
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the individual vendors and applicants should be reviewed for each ECC component

to determine equivalency with the intent of this guideline and with the quality

assurance standards of the reactor coolant system.

ECC temperatures are required to be above the freezing temperature of

water to insure the delivery of emergency coo 1 Ant 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 it is dif ficult (and even misleading) to define mechanisms for

the instantaneous, double-ended pipe rupture, it is conceivable that if 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 loads 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 these 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, coolant blowdown forces, displacement of

all reactor components including the vessel, and the anticipated pressure,

temperature, moisture, radioactivity, and chemical conditions.

OFFICIAL USE ONLY
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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 combination 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 is 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 Requirements

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
I of an instantaneous double-ended pipe rupture, pumping systems and diesel

generators may be required to operate within about 30 seconds af ter the break.

,

This is not suf ficient time for a reactor operator to assess the accident

|
[ conditions and take the proper actions. The taall 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 remove the element of human error and require automatic actuation. The

OFFICIAL USE ONLY
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manual actuation, monitorings and control provisions in the reactor control

room enable the operator to centrol 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 c.onditions envisioned, and the program

should provide for continuing periodic testing of the system.

The required test program is three-fold:

(1) 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 most severe operating conditions (e.g. , time,-

temperature, humidity, pressure, corrosion, and radioactivity) to

which that component may be subjected.

(2) Preoperation system tests - The ECCS should bt designed so that it

can be tested as installad prior to reactor o, erstions. Althoughs

radioactivity and temperature are difficult, if not dangerous, to

simulate, pressure simulation may, perhaps, be more easily and

| safely provided for these tescs.

(3) Periodic system tests - The design of the ECCS should provide for

functional tests of all active components during normal plant

operations. During plant shutdown for refueling each subsystem

should be tested for delivery of coolant to the vessel.

OFFICIAL USE ONLY
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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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To : All Technical Personnel DATE: April 29, 1968
Division .of Reactor Licensing . ,

FROM : Peter A. Morris, Director ,
'

Division of Reactor Licensing

SUBJECT: REACTOR TECHNOLOGY MEMORANDA

DRL:ADRT:SL RT-631 ,,

The attached Reactor Technology Memorandum #1 on Tornado Considerations
is forwarded for your use in the review 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.

This 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-

g 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 ef ficiency
of our reviews.

_

Attachment:
RTM-1

cc: H. L. Price, REG, w/att.
C. K. Beck, REG, w/att.

) M. M. Mann, REG, w/att.'

R. L. Doan, REG, w/att.l ,

J. A. McBride, DML, w/att.
E. G. Case, DRS, w/att. (10)

| L. D. Low, CO, w/act. (10)
,

1

l
i

.

|

|

.

'( ,

' B Buy U.S. Sa:ings Bonds Regularly on llx Payroll Sa:ings Plan
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DATE: April 10, 1968. . .

TO : All Technical Personnel
Division of Reactor Licensing

- -

FROM : Saul Levine, Assistant 151 rector r Reactor Technology
,

.-
.

,

'

Division of Reactor Licensing

SUBJECTT: 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 f or the consideration of tornadoes and their ef fects

that are to be used in safety evaluations of power reactor f acilities and

such other facilities as may be appropriate.

Attachment:
RTM-1

cc: H. L. Price, REG, w/att.
C. K. Beck, REG, w/att.

M H. M. Mann, REG, w/att.
R. L. Doan, REG, w/att.
J. A. McBride, DML, w/att.
E. G. Case, DRS, w/att. (10)
L . *) . Iow, CO, w/att. (10)

APPROVED: #

Peter A. Morris, Director
Division of Reactor Licensing-

.

,
f
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'REACTDR TECHNOLOGY MEMORANDUM No. 1
~

-* *
. . - ..

~

TORNADO CONSIDERATIONS
'

,

.

.

I. INTRODUCTION

Minimum requirements concerning tornado considerations 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 f acility design should be such ,that the design tornado
or missiles associated with it should not affect vital structures,
systems, and components so as to cause an accident releasing
radioactivity to the environs in excess of 10 CFR 20 limits.

(2) Except for those items provided to contain and process airborne
radioactivity under post-accident conditions, the facility

'

should also be designed to prevent the design tornado or
missiles associated with it f rom af f ecting vital structures,

j systems and components so as to interfere with necessary
,

consequence limiting functions following occurrence of the !

design basis loss-of-coolant accident. These exceptions are
consideced warranted in view of (a) the low probability * of a ;

{ggggg severe tornado strike on the f acility simultaneous with or
'

' during a reasonably short period of time foflowing a design .

!basis loss-of-coolant accident, (b) the high probability
for extensive dilution and dispersion of airborne radioactivity
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.
f

i II. MINIMUM REOUIREMENTS i

(1) Location
!

The ef fects 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 within the continental United States east of
the 109 West Longitude Line, or

i |

(b) On any other site where the probability for experiencing a
tornadic event is greater than about 0.01 in 40 years.

* The probability of a tornado hitting the f acility within a time period of a few
days is 10-4 or less.

t

!

_ _ ~ . . . _ _ . _ _ _ . _ _ _ . . _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ . _ . . . _ . , _ _ _ _ . _ . _ _ _ ,
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_
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..

*'

(2) Desian Tornsdo - Characteristics .

,

' . .
*

Unless.it can be rigorously demonstrated that lesser Italues
~

~

pertain'to's given site the minimum values.of characteristics'

I^ ' for the tornado considered for design purposes should be: ,

300 mph(a) Tangential velocity -

(b) Transverse velocity - 60 mph
.

(c) Pressure drap - 3 psi in 3 seconds *

(3) Design Tornado - Occurren~ce **
,, -:

The design tornado should be asstuned capable of occurring at any'

time except that the simultaneous occurrence with the design basisI

accident or with any other limiting site related event such as an
earthquakn or flood need not be considered for design purposes.

,

(4) Load Co.mbinations

Vital structures, systems, and componants capable of being

f subjected to tornado forces should be designed for the loaos
induced by such forces, including missile loads, in combination
with applicable functional design lo*ds.

,

<g
(5) Stress Limits

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

(6) Missiles - Types
,

!
The types of missiles r.o be taken into account should be selected
on the basis of an analysis of representative 1,otential missiles
capable of being generated from ground level and applicable

,' elevated locations by the design tornado.

(7) Design Margins

The margins of safety provided in the design should be determined by
defining the upper limit tornado wind speeds that the f acility 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, systems, or components such that essential post-accident
safety functions would be negated.

.

?

(
* These valves are related to the wind velocities by tornado theory.

** Tornado considerations should not be f actored into dose calculations associated
with design basis accidents.

.

----
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'

III. ITEMr f;, RE MIRNISHED AT A LATER DATE ,'
~ *

' ' '~

'Ihe f ollowing will be provided at a later date.:
. ..

(1) Recommended design basis missiles. .

(2) Definitive guidance on how tornado loads are to be applied.

(3) A specific list of necessary consequence limiting functions as

discuened in I (2) above. -

(4) Technical basem for the RIN

IV. APPENDIX '

,

Appendix A provides a tabulation of tornado data nrovided in applica-
tions reeresenting 34 siter.

(
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RTM-1 -4- APPENDIX A April 10,* 1968 l
.

TORNADO DATA FROM SAFETY ANALYSIS REPORTS '
.

Tornade Transverse Tangential Stress T,imits
Interval Velocity Velocity P, Steel, Conc., -

*

Plant years mph mph osi Missiles % Yield ! Ult. . Remarks

San Onofre ho mention of
tornadoes

Conn Yankee 8' Tornado. probab-
'

ility very smal "
Malibu No mention of

tornadoes
Oyster Creek Data given in

Amendment No. 9
Nine Mile Pt. No mention of

tornadoes
Dresden II 300 ,

Brookwood 'No mention of
. tornadoes

Millstone Pt. 1250 300 "Safe shutdown --

assured"
Indian Pt. No, mention of

tornadoes
Dresden III 300

.

Turkey Pt. 3&4 5000 337 2.25 Plank, 2 ton car 100 "Safe shutdown
before, during, or

afteraFlorida#")-

tornado"
Quad-Cities 162 1250 300 1.18 Pole (r=7"),1 ton car 100 100* Blowout 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 -

''Browns Ferry 5880 300
1, 2, & 3 .

H. B. Robinson 300 3.0 2 x 4 T in.5 e r 120 "Accent damage,

and shutdown for
repairs *'
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RT1!-l -4a- APPENDIX A 'ont'd.) April 10, 1 .,

,

TORNADO DATA FROM SAFETY ANALYSIS REPORTS .

Tornado Transverse Tangential Stress Limits
#

Interval Velocity Velocity P, Steel, Conc., * -

Plant vents mph mph nsi Missiles % Yield % Ult. Remarks

Monticello 2000 .00 2.0 Pole (r-7"),1 ton car 40 85 Shutdown and make
necessary repairs
to equipment.i .

Pt. Beach 1&2 3030 60 300 3.0 Plank, 2 ton car 90 85 *

Ft. St. Vrain 50 300 0.377/ In progress
hsec

Oconee 1,2,63 40 300 3.0 Pole, 1 con car 100

Vermont Yankee 1040 300 2 x 4 timber 90 85 Blowdown canels
0.25 pei.

No mention ofDiablo Canyon
tornadoes

Peach Bottom 2&3 2600 300 1.18 Pole (r=7"),1 ton car 100 100
Surry 1&2 1500 ths at 550 mob "... orderly shut-

- down should
tornado strike."'

-

Ft. Calhoun 350 3.0 ~ Exnert total
revision later.

'Ea mention ofIndian Pt. 3
, tornadoes

Three Mile 0.7 in
Island 25 mile

radius 300 3.0 Utility Pole 100 ray.

Pilgrim 1700 300 3.0 Plank,2 ton car 100 Steel fr'amework
to'300 moh on

*

upner reactor
,

b1dg.' Blowout

panels.

Zion 1&2 800 to 1600 60 300 3.0 Pole (r 4") 100 85 "Safe shutdown for
- vinds in excess

of '300 mph" i'

Cooper 300 "Saf, shutdown
assured in 300
mph winds"

INa mention ofEaston

tornadoen
1

,. - - .I
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APPENDIX A (Cont'd.) April 10, 1968
.

TORNADO DATA FROM SAFETY ANALYSIS REPORTS -

.

Tornado Transverse Tangential Strens Limits

Interval Velocity Velocity P, Steel, Conc.,
Plant years sph aph psi Minnilen I Yield I Ult. Remarks

Crv4tal River 3 1210 to 300 3.0 Utility Pole,1 ton car
'2350 IKewaunee 1750 to 60 300 3.0 Plank, 2 ton car 1.33 allowables -

3030
Prairie Island 1250 60 300 3.0 Plank, 2 ton car 90 85

,

Bolsa Island No mention of
'

Two Units tornadoes in "site"
volume.

.
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**e, UNITED STATES
7 * ' !" . ,

Q i

' *

. ?. ATOMIC ENERGY COMMISSION-

I CQ* ' WASHINGTON. O.C. 20545

% [Q. j, -

o, ,, , , s F,ay 21, 1968

.

.

. .

Roger S. Boyd, Assistant Director * ,

for Reactor Projects, DRL
THRU Saul Levine, Assistant Directo

forReactorTechnology,DRL/
..

STRESS LIMIT IN CONCRETE FOR TORNADO LOADS

Reactor Technology Memorandum Mo. 1 or. Tornado Considerations, dated
April 10, 1968, has been approved by thq Director, Division of
Reactor Licensing. The stress limit for concrete as spegified in the
approved RTM differs from that specified in previous drafts. The limit
had been specified as 85% of ultictate; it is now specified as 75% of

'

ultimate.

The 75% limit is strongly_ supported by our seirmic design consultants.
We believe it is not inconsistent with the 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

ansess use of the higher limit for concrete. In addition, the 75% limit for
/concrete is more consistent with the 90% of yield stress limit specified

~

r'for steel in RTM No. 1.

We believe tha 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 75% limit was
discussed with this applicant at a recent 3 chnical meeting without a

,,9 strong reaction againsc its use.

We also intend to use the lower limit on all future Cr evaluations. -

| w .~ h s'
Richard C. DeYoung, Chief ,,

Containment & Component Technology Branch
DRL C& CTS:RCDeY

Division of Reactor Licensing

RT-670

cc: P. A. Morris, DRL
F. Schroeder, DRL

,,

(' D. Skovholt, DRL,

E. Case, D1S ,

Branch Chiefs, DRL

,

i
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/ #< UNITED STATES

79, | ATOMIC ENERGY COMMISSIONi .

g W ASHINGTON, D.C. 2054

' ' ' ' June 11, 1969

.

R. S. Boyd, AD/RP, DRL
D. J. Skovholt, AD/RO, DRL
L. D. Low, Director, C0
E. G. Case, Director, DRS
J. A. McBride , Director, DML f; f ') s

IHRU: P. A. Morris, Director VILI /kMus.)
Division of Reactor Licensing

REACTOR TECHNOLOGY MEMORANDUM NO. 6 -' CONTROL ROOM DESIGN CONSIDERATIONS

The enclosed RIN sets forth proposed guidelines with respect to ninimum
requirements for control room design considerations.

This information is intended to be u..ed in safety evaluations of pcuer
reactor f acilities and such other f acilities as may be appropriate. I

Comrsents 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.

,

M

(';$) >*

,

Saul Levi , Assis t Director

RT-391A for Reactor Technology
DRL:1&PTB:0DP Division of Reactor Licensing

Enclosure:
RTM-6

cc w/ enc 1:
C. K. Beck, DR
M. M. Mann, DR
C. L. Henderson, DR
R. L. Doan, DR .

Branch Chiefs, DRL
B. Grimes, DRL
Aseistant Directors , CO
Branch Chiefs, C0
J. McEwen DRS
Branch Chie fs, DRS
Branch Chiefs. DML

1 I

$
g* >an. , - - ,

h
,
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Issued: June 11, 1969

RZACTtC 22c.LMLady ;2a0RAJDb. A.j

CONTROL ROOM DESIGN CONSIDERATIONS
.

.

1. INTRODUCTION

The purpose of this RTM is to provide mi timum 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 Criterian for 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. If access to the control room is lost, it shall be possible to

shut the reactor down and maintain it in a safe condition from
i t. location (s) outside the control room.

II. MINIMUM REQUIREMENTS

1. Rt.diation Protectiong
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 quarteri

for individuals 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 the facility.
The exposure limit for the operating personnot during a nuclear
incident should not exceed 5 rem whole body dose in any calendar
year.

2. Fire Protection

The coni.o1 room design rhall be such as to minimise the
possibility of fire. Continuing occupancy where possible
should be provided for in the case of control room fire or
sacke. The control room building components, finish materials
and furnishings shall be noncombustible. Combustible supplies
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such as loge, records, procedures and manuals should be
limited to the amounts required for plant operation. Fire
fighting equipment including fire extinguishers and breath-.
ing apparatus should be available to the control room.

3. Evacuation of Control Room;

In the event that it becomes necessary to evacuate the control
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
with 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 applicant should provide a general
plan and show that adequate instrumentation and control
are available to allow the plant to be safely placed in
hot shutdown from outside the control room.

M (c) The facility should be further examined to assure that
without necessarily adding any equipment, existing equip-

j ment, instrumentation, panels, etc., can be manipulated
(including opening panels, jumpering wires, 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.

III. ITEMS TO BE FURNISHED AT A IATER DATE

The fc11owing vill be provided at a later date:
|

(1) Control room ventilation' system radiation protection requirement.

(2) Control room lighting.

(3) Control room cocraunications.

(4) Technical bases f or the RTM.
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