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In e tuta e lubnunces vere l.dded tc the vuter
%o simlate fission pr..duc aftsr the te
Iros thc:ir :pu:e

mz nur teuperature f”{"fso'r w;lso'y

*Stm vas ecupletely ccndensed in. a.ll ‘bu: thre- cut or fort
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| | Tates, 3zhe vater in the pool appeared to be
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. the extre=e rightt of th2 pissure. Only the right cide of the . artment
45 shown. Cn the left of zhe Fhotegraph is ag abrupt change in elevazics
: at the -ur:u:e siz:.ur t.o n hydmli.c Ju::'.-: R

ST L —

. mura 'nriéﬁ 1:: tho tut progru included ving
L ‘th resctor preum ‘ '

S ;mun rrac:.«.cn cf retct.r veue..,"'ﬁf
i tmed \d.th wuer' Fa |

o o:-me. dilaeter.

renure traces 1: shm on Pigure‘?  reactor
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;[ﬂ- d.r.r “11 pres:ure buut up npidly -n.ching & peu‘ :.n sbout
- saconds and then fell back Tapidly. fwithis the range of PATIDELETS
T » the pesk dry well pressure occurred at the imumtbepol
. watar vas ccmplately pusned cut of the vent pipes by expanding air
. axd stsam i3 tNe dry well. In so3e tests, vater vas forced back ,uta

. the dry NJJ., by the u.:ppreu:lon ch.laber nzx prenm, & rw uecnds
; nﬁcr firing. The water :hea ccadcnsed the at&a reasmn.g u the dry

‘ "”i'lll, crutin; a ncm Ca e i

. Pressae in the air space over tbc?f‘
S v;‘artu ne d:r,v vell peak p-euure oct
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S uecads mr e nrug \ :

:m tpoc&ﬂ.c obgec':ive cf 'we A3 a- , ;
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l‘.'.:mttd fissian produzss aud for nusuxing t.he
: agh f.he pool o r.he e::lcxu:e. S e

fﬁt limhted f nicn ;r.:!uc': usednin’ tnt» xe; 2}
sodiua iodide, 1odine ez ry3tals and zipe sulfide \ma s uu pu-*icle
- #ize of tvo microns. Tme xenon apd krypwn vere plu:ed mm.;, e
- pressure vessei in glass bottles which broke vhen the test began.  Tme
 other similaved fission prcd.ucts wvere placed dirsetly in the uuryin
. the vessel. Alr samples vere dravn trcu the space over the vater pac’
-aftar a test ard examiped for the amount of ':1::10: product”, A
e ST “rpeetrcmter vas used 1o detect ‘poble Ehses, & scmb‘bing#
»';‘ndzemmticn of the sgrubbing agent vas used ror lodine and .
dodide, and in the case of £ {ivcrescent zinc. u.I. '
t-h.rcugh L tilter paper a..d t::e pcr'icles ccunte

!‘est retultz ror limuv.ed f1s:1on prcdu:t entnimnt mdic 'e; t.ha.
viter pool reuined a very high ,rcpcrtion ct’ in;z.r‘ .
the dry vell. The Beasured seraratisp o
the enclosure vas of the order of 10°° for | ‘ ' ‘asd 1
306 for the halogen and soiuble salt. mre‘;zbzn half of the n.,--.
yere retaired 'niz*.al:y. e\rhich n comidem, :

basis ,r; aelubilzty. S ,

°P°n !nded PiPea is Sene'sla}’ ve “x"tpid lad @lﬂu
_ test prograa, all the frean va ’ ‘




3. mn u a uadancy ror s Jet T aeprtu thc
mmtr 10 air 1s sucked 1nto the Jct 'bocuu
nur;su:'-“'ue, eondemuon; D

'm:m- cu-tau eendit*m the camemntion m‘ toan
and 1: Sccompanied by presnue oscillations
thq ter uzenmre exceened tbeuuf 30'!‘.

5. "'f‘r 1n m 1anction Pipe ¢
atax:}ﬂnder :he“ candx.‘rns

; »fr.xpture a.ccident ‘the'pz-es ures in the
lpme atvve the pool , |

: fiuion products are car-rxed throu@ ﬁm ‘:vent pipes )
SaES ,mﬁ'lﬁﬁ” hna’ oca«“‘J 'em‘"‘g‘e‘.c 3

""'t..‘t'racticu ct‘ the solxds u.nd h&lcaexu. |

5 p..i.;n Pan.ute*: tha‘ned r'rcu "‘eninj

e A yreuure m.m:ranibn ys'm:: nuv be dui L

© . the peal containment v:;'.-fwuaxnnd 'c.be f:ar.,t ) Bey would
 sublected following the max:mim & -ing scoident.” Pha

o af the me.s.z develop=ens ;‘rcg:-au d-vzlcped t.he thuea' ct‘ pe
s a.nd other ptrzaecen e be used an design. et

!he 1nitial tests | sh:wed ﬂnt the ”asaximm d,,f‘, well pre
S oseur under. three differen 1
R ugmtudes ar vu-imu rarueters

(l) .: the v-ent u-e& 18 very sml coupared to rupmre nwf ;

’ puk pressure .corresponding to dry ccnuinaent) iz z-e hed.
defore any appreciable amsunt of gteanm <an es

- " vents.  Por this csnditicn Mm dry ve L1 ]

upon dry vell vull.::e a::ne e °

(2) 2:: the veat uea t: hrge ewagh that conditiof,, !l) does not |

- dry well pressur: {s a mAximin when vept Sa ]

.floa.{ For this -ctzdxue.. Ary vell pres
drop in thz nntatnd dry vellve..um

f’.cto i e

(3) z: the vens area 1z very ..u-g_e, 4ry vell pressure
%o the pressure buildyp zes seasary o force t!: Ater out ¢
!‘or thu condiﬁon 2a m.:.-. drym ell pres um’
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*nd &y vell Valuae) ta:i‘:::e ven: clurug siaey {a /‘.mc 1”
: ct l\.bsmrpn:c;. o ek

e ‘m vu:-a dmlopod far ;rtdicting tho -.x:m dry v-n muuu
y o .vhdich vere econse ve ccepared wvith 1nitial tests, Eovevcr, the
' :_~_,;t='nuicat testa lnd n. hrp vent are=a and r-lnively 1ittle ‘vent -
ot ppistance, eod couoq_x.em: the calsulation ssthods
 based cn tNase 413 neg.scred vent friction. When the -u-.ly layw.*-
. !'tru -dl for RuaBsldt 1z vas rpareut thas vent friction vould be

, o A0 mod1fied mtods vers used to establish the dni.;a )

:kUMng the d.u—rip*zon of the full seale tests and thed; relation to
© o the emlenlation ‘Betoods acre aﬁ; Ba aid.h;bcut the three ~cmitt£znt
7 listed above and to Vhat ex:ea: thay &PPly t2 the Busboldt desizn. THq
e eu.cu.n.t:ca nethods : .-..xd::.a venv ws:xt&nce sre xiven in Apper;::x ?.

S P‘Lmn T :hcva t.be resn..tl c‘ :
- The particular test shown vas oz 03
oo extept thate the aodel's‘wientisubzn‘er' enc
. than the idt desigs of 3
s relatively very axa.l ...e mx:.mz dry'
o:curred dnrinc ccndiucn N' l.bcva., :

e m ngptiw prelr.u-e ;n the z-y vcll,m:ﬂng” cze L1y ecands af‘.cr
S m Itart of the tess wis caused by t.be condeasuicn of the 4

o the dry vell runl*ix:g 13 8 sudde= 13 : dr
g, in T, caused toe shary pr'uu'c ~r1uc’.uat‘ca.s shm In -

. Bumboldt design, this 1s r.rwen‘ed by munm hreakers het

uu u:dkht su;pruuca*chuben G e

“'& Ppression ehmber valu... and l.nc'.mt of; :erin ?-he P°°111’-‘ e
";ﬁg“g.mnuy were prcpor*io..a“y larger t.m in the ‘Bumbsldr eaisn,
~- Tesulting ina lower Suppressicn chamber preuure and a lover po Fosts
’_:~3~f~4lccidentrm1 preasm *kan wcu.d be tnt:cipated rer Hmnbcldt

. ,euina Cb.uber Pressure

!‘onwing a rupmre ncczder*. ld.r vould ‘oe qx;:el.«.ed rrcn the dry W"
“through the pressure suppresszcn psol %o she suppression Chasbher gyy
p;.pl.ce. ‘Th= value. of che ok pressure in tne chamber depend: Prizar: v
" cn the voluzr of 8ir ex;enei from the dry weil and IO & lesser exzan
. .en the heating of the a:ir &2 1 she inereased. vater vapor pressur 11: :
- the space above the prel. 1*1&1 conditions (temperatures
© . 4n the varicus ‘parts of r.‘.-.e csntaimment ayxten are of m
' 'I'but u-e ‘1ay.luded in zhe des:;‘n“""




PR : B
e @ of 1560, ta proct ta:t the aabc it
i consigte 11l scale 1/48es ne;:eat of e
S Bmbolat Suppression. chamber- wit.h a fuil scale veat p.sex - &y'ﬂl;
rl-c-tcr v‘uul, n:: - rupturs u-x lll&ﬂblf S B S
e s
. apperdix m‘mum
'tainaant design haa bee

in !ddit‘cn to .ﬁ:r.:zst:.cn presezted I&tar k..:x

e final Sinboldt preuur- au;sp:euian
2 ccnﬂraed vith ¢ '

(2) menxx.am'upress zon chuber;prusu:e cbt.ainedf ;
- under ccnd’irticns»’u:...atmg =g "fmx:::.z.-: cr-d*"le c-e' a1;
,vaa 9 3 pxig. G R

ng

the peak dry ve“ pr-ssure vas 6L g
=r ;raasure 41:1 nct eze'-ed Bi,jp 13.‘

Relxtion af Hunba'd* Bav Dev

L ,_.éri.gu:w 8 s!wva the ﬁnu e - f’i-/”‘\*p*euure zupp;*
. tha ‘Busbolde resctor c*x:'l..nac....; Tta relation to” 1
,funity 13 thl&i.ned 13 the fcllmng ;aram p,':x*’ g

etctcr Veuel

:T!:e meoldt retctc* _
o Yalves will Ainit 128 surs to lpprcxi:smu
. water voluze in the Seactor. vi be 1750 cubic feet ar
oVl b Cubic feet. The steax amd vare
g ;wro presm.rize-d to 12350 Peig in & u::.xln‘
Y

s the volume cr the. E\u:b»ld vegsel v
uter aad uteaa. and mm

] - the sa...e pmpcrtion o
n.g appr-x a’.e.y '.z:eVSa...e hex

k 'i’ki‘.;'?ixcrnrring to rigw-e 8 the R.nbald“ dry ve.v.l surrou.nds the rel.cu;“‘ ans
. cmist: of an ASMT ‘.ode vessel des: gne" for
inc

72 paig, wvizh a.'vclu.-:e“ :

veat piping s £ 12,50 .u’bz- Loy, 'hu‘stee. :vv:uel 1

oYy concrete to resist m*asz.es &zd jev action. The

o dry vell volume was. Sprroxizacely i1/u8=p ap Eu:aboldt ' 'nm

_ the correst azzunt ¢f air being used :in the tesc equipmeny, ,;‘ ;
Coof u.r cn :teun ccnde..sv:;n is t..-s mnq ;d 1:: The 5T rem

_&rcomuicn Gba.aber







}ae I'll wn, tnd;eonnects to it by uuu of six ho-inch pipes-' A ,

' ple  skaped Segment of thke suppression chmber, vhica 15 fzd ted by

~ beavy lines in the sesticn and Plan vievs in Pigire 8, contains 1/’*5&
- e the suppressiocn chazber pool and afir “space voluse and one of the

© . lbeineh yemt pipes. Ths Moas landtng suppression cha:.ber f..s & fy

. scals Tepresentation of ope of the Ly sea:ea,x =Rking 1

:,"“ﬂt Systea and mpprenicn chaaber.; it

Sear d.t:-uianl u f.!:e lepent sh

A
e

S f?ﬁ_’-mc mch&rge frcm the Pbsn mnding d.r;r ven 18 thren ha hox.nzh mt:
T ",k-,,_-f_pize, vhich has a flcvw. Tesisrance ca.lcmted o be tb.e saze ag t...e
. eccmbination ef Lo-1{neh and 14.:aen Pipes 15 the Pumboldt: design; as

 well as the same toral voluse and transpors t‘-e‘.‘,-mmled in the
. dry vell in front of the opening to the vent pipe 13 a deflector pla
- 8inilar ia proporti on o hose for Bumbolds: Bay. The vent Pipe leads
qnts the ‘suppression cbaaber aod ex';e.ad' .'fee: belcv the surfac ct
"the pcal as 1n tbe Huabc‘dt desi@. e '

e

o | '3 Description af !-bsa Ia.nding ‘rest !‘acility

| shown (n ’?isure 9 T=e major
‘(1} lﬁ‘umﬂ.atad mc?.or n:ael, (2) Tupture dises and .
‘adryvell, (L} a Ils-inch veat pipe*‘: (») ' : 3
e chamber, lad (5) Anstrusentaticn, AR &rT

Sl “h :hm in ngre J.O. A phatcm

Rmtor Veuel

! ‘n:e :mmud resctor ves:el 13 . vertical 32 foo ngth of 20-insh
. CD sehedule 80 pipe. . Its volume {s 55.8 cubic fee: vhich is ,,J./h&.h
. ef the stean and wvater voluze of ‘the Busboldt renctar vesasel. The
- test vessel 18 {nsulated to prevent heat loss and is hestedﬁ ¥ meu.s of
- 1b00 psig saturated stean injected 8t the bottom. Water leve ;g
' glasses and pressurs and teperaturs gages per:.' ietemining he
duired candiuomst '..ne tim cr testing.‘ e e e

‘ b. Rugture Di..ca and Ori“ice

A ';V‘ine trsnaient test 15 1n1 txa’ed by means c“ :'upture diac;_u__,the nng
. leading to the Gry vell The rupture.discs are 6.4 ~
- aod arranged tvo i.n series, They are deaigned

-_!itro-gen pressure. 1s applied bdetween the discs,

burst at K0 ps:’.g. :
) that the di“!‘e*'enti&l;
 pressure acting oo easn, with 1250 psig in the siz:.x.u..ad react.ar ‘vesse
o - 48 about 600 pst. Releasing the nitrogea pressure subdectsw e
S dise to 1250 paig, causing 1t to burst imediately~jthen the
. disc wvill turst, with both events occurring nearly ,imltaneaunly :
. #barp edged orifice 1.64 inches in diazeter upstreas from the Tupturs
. discs equals 1/LBth of the area of & 12-1 3 pipe, !ich {n th '
L reactsr bas been taken to be tha size of 1 iprure for ﬂ:e
. “g;"‘gcidem. A Pbatog'aph cf :yp:.‘: l;mpture dizcs b i

e e ey C et e T A TR O o e e g
















totta.z7 u, mumela,
: ;M eonuxnug '230 cubs.c. teet“ 4z

o 1 "Vr,‘;:mim‘m msde for beating
e tq-rsm du:f - ‘w-.r or tha tesu










¢ *Q—p&d—d&pq‘—.,aﬁl*‘*\——qqg ‘e, 4 ok m———

‘sap mWs Boews weses wreaz o G

mthtraeﬂticalend of 1ine cend.ition exlstu A%

- e oo - 510 1'°P=r "'-‘ f , ;
 mhtg fa the nintmm fiov rate per 14" vent pipe vhich could
. & eritical ezd of line condition vith Martinelll type flov

* Martizelli type flov. Tha vent flov vill be affectad by suppression
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 If eritical flov vere to

psis, from Tuble IV delta v would be (.4993 '

dalta P/2alta v would be 87.2. Substituting th

37.2' y

. 2asign flov mate from the rupture is about 200 1b per sec per 1b"
* 'pipe; tharefore, a critical end of line condition would not oceur vi

chazber pressure, 50 1t 13 assuzed in subsequent calculaticas tha




oc:un m..s nlun comopcnds apprcx:..ately to the expectad =ax
‘eh—bu' ;prusun glu static hud oz‘ tuzprenicn pecl, v;tu-.

i o m ' AL se lmll ﬁnitc equinlant leag:h ar pipe, !
e AP e prassure drop across AL, pu
AE - clmticn :hange across AL,

Calc'ah‘cmu ptralloling ths homgawm ca.lcul.atimum _an‘ be 'ud.a :
. .msing squatica (1’5)‘_, with the data frem Table IV. The same 1’1‘:.-‘..33. A
‘ g ‘yrping m used. as ‘oefa' i










umvm;mssﬂon ~:-:=.w,=:' 'we‘tE‘-'[ ;

33 preuure oecur: lt the besiv-‘

d.ry vell air has been tracsferred and \w-‘ara.-

oot ‘ mi!m:- This px‘ensure 1g &temﬂed by zau“"

S u:d m.z-g h‘.lagc.. preuure 1s sonehat d.ependent npcn m;tia cca

di,t:lon: 0'a m.'::be:- of coaservative asau..p“om Hav
v ‘W'dnip case vhich nr-a as toucvt .

. CAse,“

(1)""1_7.-.4 seactor 1a apernti.ng .nittally at ’=3c. Mot ity Aor=zal vat
‘ml, ‘but tb.e nter is utu:ated s

(2) ALL avatlable heat of the reactor.
' lt 574-'2') 13 transferred to the

‘{'.z’vl‘ni‘iﬂ states in the aupp ession o are: d=
: ggy at J.SO‘F“ ch.a...ne* air u dry a" 00°F;

Y 2 :is:ificant eooliovn skenrs 2o _l‘ﬁm'm,-mes,* and restior decal
~ beat azd ccati:xued. full feedvater ﬂcv d:u..ing th:.s tize add

kIn addition tn these auu..;: ioms. 1t nhoul.d be nated ,.hat fin;t.he ahsence o:
el Pockata in the dry vell all dry vell air would have transferrsd to tha -
;_tupp-es.sion chamber,  Thia complete transfar could result fro= ccntmuzusl,r*
0 ddluting and venting of* the air by L0 tires moTe steaxm than air during the
i ;:;venti.n.g period. “Also, 1% ghould be noted that the rapid and comp}.ctg cc:f
G ikd.ensation of vented stea:z 185 & basic requirement of the supp ,"ss,iﬁn..is:rsie' :
o w“vhich is suuaed to be sa.-s;.ied in these ca.... '.L'Lati”" '

Wesad t S B

:"k;.‘\:fine suppreuion cb.a.n‘ber peak prunure 13 dete—.'x..ne r..r.a*se_:.} by '('h "air which
_ has been*tra:zafemd fro=m st d.-y vell into the cha=tap. In oide )

e T t0 seccunt
o !or vapcr reaf:ure anu minc* ef ects, a deta‘led mu end ene'sy balau:e

e m veighta n.nd. energiev i-x tne systea are d.-.-fe =i . nditios
- paking use of systex volizes and published phys.e e:vevties ou’ the flz.ic‘.s
-~ aod =aterials and accouas i:.'g for energy and ve‘e,ht -dded Sy react
- DBeat and fesdwmter flov, The inte: mmal energy in the zcn%al
o af%er the MCOA eqt.ala the intemal enerar befcr- plus decay
CLEES el ,;‘-j_“inzar e.nt..;.py added. Tae pesk chamber Pressure is deter*ined by b;_ancing.
T % e thc pu-tia.l energiet and veishza by trial and. ermr. ey

e !:ble VI u a veisht, volu:e, and enerw balance before m:d ar’"e the
m deaign pressure of IC ;sig is based on the cais
S The lover Purt of the luppreslion chanmber 1is design
L ‘W' tic p:!stm‘e of .he pool \mtsr or .8 paig t L

he bdtton. =




1"”",»~8tca=, a & w (2u o)

. Chasber air 22 0 A20.2 . 3,
 ¥elsture in m 2 Ol 2
Poal nt-r i i 2




. _mem. trmient dr,r vel.l prenure oc"u:a n th.e vater v!; ch com:pcna:
L te msuharw- i3 cleared oo the ventm ‘ rar tne a’:...bclét :ondieim
cand yhysi;;l proportions, this pres:ure is o : -
80 1t does néat, arre-ct t...s dasig.; e

m vent -=lar1nx m:m:-e can 'be obumd. cn soze ez the ans Lmding
: ,Ent: 71‘ b less than 100% vater carryover have s lov steady Zlov Ppressure and
el G 1Lg Fressme for thase tests < mtml the maximm dry well pres-
n::n This can be observed on tast 25 of Tigure 16 of Appendix IV." At sc
thing less than # second, dry well Pressure is s paxioun, At the same tizme
- eharber preasure i3 just beginning to mve off zero, which indicat:s that no.
" sigaificant venti=g Ras yet occurred.  (As has been mentioned. ea'-lier, est 27
- gHowm on ‘the game figure has'sa relativelir lov vent clearing. p—-ss..r “becaus
thn ruptu:e,;det d.uchargen d.irectly ‘.'.nto the vent: en‘mce.)

ve in’ pred.icting
Ll : Eavever, this r:.ethcd ::.;;;Le:t,' 2K
n : tt,ance of the vent pipes and. it vas net known until the ull scale
 Ve1d nm whether the method could be applied to the Humboldt design wh
sistance s significant. The full scale Moss Landing tests Zav
Rat even with tig:iﬁeam yent rasistance th vent elea:"’"
lmr thnn r.he ltead;{ ﬂ.cnl d.enia: pressure

I utf;'appar«-nt froz the resulta of the d.iatrihuted. cons ants = thc
y;'orismal method vith some minor modif ‘cations. could be used.’** Sive
: ;f,thn same . z-uu.lta. A ?ollowing 15 the: nodi“s.ed onaml methoh b

im method con:i:ta ot ta.kins a mll ti.::e step fm tine zero cf s, 01
- seconds and ;ol'ring for all pressures end flows in the systex, With a.l.l syste:z
pressures known at .0l seconds another time step can be take -and sys“ e
pressurss and flovs found. ‘This procedure is continued one ti.-.e
. ;‘mtn ha‘tmaient peak preasure is fcund. Ll el

Iz »i«kvhich rollovf fthe pri:gd tu.nctions represen* °‘-e ml
precech.ng tize step which are lmovu. i

-3 teial é.kermr solution ’or a given tia step‘f delt ,1:1_, a
'4) of vater in the ve.nts 18 asgumed. “The accelemtion o"va-e- '
T!.i (_ J/dnltl»t. ’l'he d.isplacezent cf vater n the .




‘t: of the a.istri‘auted cqns ..anta
, with Bmsboldt's physical proportion
s is insi@iﬁcunt compared with the wate: 1
and (20). Most of ‘the alr pressure drop

g v'c,-_m ‘be asuu:séd i ve‘vxﬂ‘ rtTAnc:

ﬂr:f vel ;,ahd. v-ents ac:s as

c_'by_ air oo the wat
g= air pressu.re dur




fum 3. Narks, Tifih Saisicy e 5 Stanudntgr prope
e Mitlhlu (mhml mrg, meinc mlm, ote.) coeplat




i .fffj'?clm Ene;
Btd/l‘b &z fr . Bty

o 5~ M ia mext .cz :econdx (Dinplace_.ant - .C28 tt) k;:
o ;__’5 Hater frea rupturs ‘1265 s 155 62256
Vork écu o3 vntcr 1n ventz g s

E 5. f’: _n_g ch naccﬂd: (‘!bta.l d.i:plxcmn" .03 r'-)

oM o 21 253 - 219.3 @Az ’7 o - 5
3:"' STl o ené 157-3 1865 10821-1 2,948 170
ter . L~ | .01 -9

. Totals (5) 3pm Ec's‘e‘ e

" 6 hu'gy :d.ded in next

..CQ :eccnd.s (Dispiace._en* i- 06 ru)
Vntcr frm mptun 1255 ST Ty \‘
: York done on vater in nntn e
= l‘cm: (5 andé) ‘










—‘gm‘ i éy-.,.-,zz*
@x‘l‘b."%é?g

hu. mI MW“ that Qﬂ "hQ V"‘"Q P’ \q- *he‘g my ce a '31?&] h! o 30“

) u‘;e’f‘
. setial Fressuse in the pocl - The exad T magnituds of the res‘_:mg Pocl wat

e leeehnticn 2ould not de datamngd \dthcu" & study of the acceleration
T ch-mtcrutics of the pool and the air flov rm the end of the vent pipe.
TR !mn-nr, the caleulated magnitude of the Pressurs uskalancs in ke poa shm
© . ca Table VIII ind4cates that the general upvard a ..eleration of vate: abore
e thcm: of the wvents c:mld incresse fro= about o:e g at .22 seconds o scme-
e t&:&zz._m thg cries of 7% ot tha tizme of c‘ear:.a.g m Unit dgazgz ean.
S aeeumd.nu *‘-e p:esﬁ::r. .n t..a u,,r:...cn pool. ;, S

_ﬁczn 3 u l ccupnrim of run lea.'Le tent remltaf*v!.th calcuhtad result
* Lise X {s the locus of the calculated vens clesring points for the test
 proporticos at Various rupture sizes and six foor sutmergence neglecting wate:
. 2mss below the Pipe exit., The test Feints paraliel this line quite clnael Y.
© Calculations for Figure 3 are basged on the proportions of tite tes
. Vhich give g slightly differest rate of Pressure buildup thun th
 vAich was used for Table VIII. This figure also includes a

. thevemt Pipes vich adds about 1 pat %o the mcu;;:gg 40 cx.earu:spre ure

© Ts caloulated so1id line on Tigure 3 is sssentially a series of dr =y contain
. ment type calculations vhich, 1 continued as though there were 80 vents, .
. wvould rise until all ani.l.able energy vag releazed fro the

o This ultizate (oo nnting) prenu.re wauld comspond vit; .;t !k‘;“m dry
-zi.'ne.nt d.ui@ ﬁuu:a (e S

e sm th.n yreuun bun&m can 'bo predicted by onem 'balance, v!uch is :
- essentlfally the established design method for dry type (capsule) frcataiment,
. ths.proof of the vent: clesrina mly'tical zethod 1g how well it ‘red.ct“*

o ;cluriz:g time for'a -given Pressure buildup. Claazi.ng tize determines the
" . went clearing pressurs for a given pressure buildup. (Steaz aad ‘alr mixi
G ud noa ::udy rupture flmr voul:l have a umr er:ect )

o _”It 13 apparent fm Figure 3 th.at the .alculated c.lea.-r ‘ t‘-e 1're'rtsentgd :
 the dashed line ?alls slightly short of most of the test results. This
i fltmngly indicates that vater mass in the pool below the vent pipe xit l:ac
o an etfect. - Line Y on Figure 3 shc'u the effact of includir;g the zags of
S extra Pipre disseter depth of water 1:: :he ca.x.cu.la iﬂ 8. his ap:xars +
"a;re very vell Vith test resu.l.tx. e e

*me lo'w.-r rata ot mssm buildup 1n the tests indicat’ by L,Ln.e Zr ea

. Tigure 3 is mainly due to lover Tupturs flow rate t‘um that vhich corresponds

toa .6l flowv-coefficient. Haat tranafer to the valls is aprarently ingig.

- pificsnt in the vent clearing period’ ‘for MCOA tests.. - Initial dry well = -

| tezperstures varied as much as T0F on ths MCOA tests of F:. ure 3 yee there
‘no ob:emble d.ifference Ln the presaure buildt.p -

S ‘?m test: ahov s rapid. a.rcp i.n reacto" veuel presaure a* thek 'gir.ning of

. the event., This. suggests that flasting has not. yet begt..n in :be rupturs

. orin the 'reuel Therefore, it is expected tha’, the rupture flov rate during
~ the veat e.le:rus per,iod wvould be higier thaa du:-i-zgz e later venting pe' : cd.‘

 The test f1 rz-cafthe slcpe ‘or the

; 8t flov rate can be determined appmximtely
f,’)reuurer bu:.ld...xp 11..: ‘w ::ea.ns cf ener talanc‘s.
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e nsul 3 thn ratio bctmn th: llope of :.‘.w tet: .

gw:: Pressure is the Tatlo of ths test flow o
: th.u ccngr.\wn %0 the }OA test results ::vu 7

-, falling off to something cn the
* the vant cleaf'iza tm‘ilﬂ":{ b :

"’tio f td sbserred ;&u'ina bt

is.v, tha rmm ﬁcv rate trm
e Jet, u, is related to the tctal av.
ac‘coz' p'reum niaus dry.‘wll}; ,reuure)"




tha J
s.‘-n:a the jet ut‘.ar lesy

mcticnk cn tke vessel, the free

e z-nult >

LJ.SS:UC’O paund. force mr a ’_ 2§ ia ¢l

ing vere to occur.

o }ct u::’act_mn-. 1250 pli(




- g‘fapbals used. m tha éua;-a.a m d.lfined u :cuwr ‘

-?Px - mm of -tm v:tar bob..ad nm:-raeo, pci:
e = pressure of undisturbed air, psia : :
o 33 - ressure of moving aly ahesd of :.ntarrace, paia
e 73 - pressurs behind rsflected shock (blast: prauurl) pc!.a
T 3 e «;:3_ - valoeity of rtm-v:tar/air intarface, £% pcr ue
ciEas = valoeity of ircident shoek mve, ﬂ—p-r;m
R u; vnlocity os '-oﬂ.octtd lhoek ‘nn, I oz ‘ue

S !h- ttasa-ntar 13 tlll.‘-".'.l'd ‘to em& iuntropicany tron 1ta ia
o ldquid state to g ttun-vat-r aixture ot ‘Pressure Py, The rnloc:!.
o st thae intarfuca, u;_, 18 found Prem ths connx-v;tion o enersy and.‘
. the physical Properties of ‘steam and vater. The ecergy
;;{eomsponds to. eq,uation (5 ) an pags 8 cr thi ;ppendiz ‘d'hich‘f

,ﬂ Ah is tho d..-ap 1:-. tnthalpy of tha: um_‘ .
?_ccnd.itic\n ‘U‘ t:.l fx’el Jlt., .

<ty (. T Bty per 15 ") and “m«{_ 1 ent:
or ul are ccapuud :or tria.l Talues o

f?*:. 1787
o 1676

S ;;!'he R:nkme-zuacniot equation ("‘.l‘za Dyna.nic: and Ther:odyr amics of Some
~pressible Fluia Flev", “Asher. H. Bhapirc, equation 5.26) relates conditions
- upstreas and dmmstrea_. of a shock wave. If air decsities con-upc. f
. toP2and P3are 27 and €3 (lbs/eu 1t), 1t tcllmr: frem the cont.nui*
o or Tlov scross the' ghock vave front that % ia equal L

he Ranz_ne-xuscniot equation ;:ay be

’tim cs:‘ the mnentun thecrez w :he_
Siven the fouonng eqmticn (Sh.npi,r“a e







. Ceams d.ari-s f'?“ the 12 tach um’

se equations ph is the aiz-;i

T ssu:e Pu, l.ll otber parane' h

:mu.. anecux equaticns &
and Ph Fallc'ﬂring ia the

2y = 70.3 vaia i
uj » 1585 ¢ per ses
Up e 21585 Eed per :ec St
v w180 J.b

gﬁin i&l bhat pressure vou.ldv‘ce cqnsej:
the portion or the wau. or th.e dry vul.l

~ ."olleﬁng ziasiles h.ave been ‘post’
T:ar contaimn" ::u.ssile pmtect.ion

the s:'eatest izpulse vhich:‘f

Teaction of gtean encapiﬁg :
» ealy. An expansicn wvave would trave, thellens‘h of the ;ect
finally relieving the pressure, and the

Jet acticn #culd ceasa.
. expansion wave would. -travel at souic veloci»b which for steam ¢
1 5$ﬁp811 1; 2570 £t 3

ctica could receive woull be from




. R
L e mnicvedd e

- 30 tt per nc
: - i ;_x th gzpt vers t«o hrea.‘ afr sear
. accelsrsted by ths A=pingement of
i :m: antion vewld occur sizultanas
. of tha Pipe vould

i n:.'z pipe uiuile velccity cm.m a::u:-

' m re:-s:-, r lha, mting on the pi;e
s ecef“ic.ient, €3 , the &ifsarencn in “elocity betv
C pipe section, u, the dengity cf the o8t 1b per

? - i%‘(!I:'u}z/s o

L mr- Vs t2e vai.sht ot t:e niaa.le 1690 1ts)

b . In crder to aalve
t.ba Yalues of uj asd Pzust ba found and some assy

ecmceraing the total dinear movemsre 3t ‘the’ msai;.e, ,~'unde

sectica 13 r»la.ted. tot‘xexa.

B ey t:,u f‘-,  “}-,
N [ A " rt, t:;:cn vhic.h ‘the Jet acts by tha :oncving equaticn' :

e bn Icculant:ca of the uiun a 2% per lec2 :aa the *al.atioaf
g j“?d:ls;bce:ent, = 2%, velocity: aﬁ* c.c.ela-a.tian 13 &y ‘

equa.tio (kl b tcr the fiml aiasile

th- rasc*.az- veucl, tht 71;!‘ cculd h
steanm cscaping from the reector vess

w3ly with the izpulse calcu_ated &b
Woild not be additive; that is, the izpinge=ant of steaxs on &

,‘ inhibit escape of stean from 3Lz epd. Th
reaul‘cins freem i.:piz:genen: vill pov be- calc.x.a:ed. to ‘see .

§ "F-fi;x;ui:ﬂucnce of the Jet It 15 recsongbis to 855ume that the paximz= 4t

et ‘and‘ 1t 13 auu:ed *na: X . 3,.eet.

® through which a 10 foct lsngth of zaln gtean line might be actelarsted
: ;ujffborm strixing a vall or Seing zoved ‘out of 4he Jet 15 on the ordsr of
three fiet




e s ?Iﬂl PIGE A-2° of C"'uu TechnicaL Paper o 'hz.o .he discharse

. pvismre of the Jet vould be approxizately 700 psig ccnservativel:f

. assuming the rupturs 18 like a wvell roufded. uo:zle, 3¢ :
would be ap;p‘azﬁ.:.stely 1.5 l‘b; p.-r ewre.

nie, the’.aet v-lccity'voum e about
i sraa.ter thez 1C° and the drag soefPiate

sm:e thia velocity is hi;:er »han t‘x T g
va.lua ia uaed in the deaig.n

: ?or the B inch feedvater line d.isc‘:arain 2
. relisf of Fressuse would occur zore slovly th
’*,L_Bazthing on the onler of 1000 £+ per sec 'c- 3
=01 3€c would be re2gonable for lo reet oL 3
,rra this discha.rge vcu.ld. be- T

| "2250 lbs/inz x hs 6 11:2

'::;m J.ir.ea. velccity i:paned. ta the pipe,
'b}’ th.is :h:p'u,l;e V::uld. be' e ; ,

- 5_10 l‘c sec x 32 2 rt/sec2
' 530 ,

g instead ot that 5 inpulse y the 3 inch"n
‘of vater from the Teacior vessel,e ‘uat\i:nt_:\
«:l;veze ‘to occur, the ruptu.m flcv_rate )

me reedwater 1ine ‘s _ocated 1n a very ybf»v,
. borizomtal movemars of this postulated ni,,
ecacrete vou.ld interfers with vertical movar

1R L drag coefficient is used. _‘f‘:'ne
L ¢~'vculd;be . 05 sq 4 a.nd eq.a.tion (lsl. ean b2

'-l - 33 ft per sec Chn i




ro.rtbem: tnch t.nick nteel rnsnea" 1t 'a unmd. t‘xa.t the ,
i hll'nram to the iapinging flew Sod thgt 1t 15 sccelarated | -,m

12 Inch steam Jat for & distl.nu of five feet. m vcisht ot the fm‘:
mld. bn 20 m per ‘qul:-c tcot of. sur’a:e. S

Pb:' lccthntiaa ‘b:r tha ltan Jlt.‘

'iaor"prlec

tb- rouoving r.:.uilel uxd ‘:si..eveloc 71.‘-.’.;:- ;
;;ied.ible ndor acciunt‘ S LA

“(‘1) A 10 rooe lection ar 1.2 1n:.. .41- s an 11. v:th

(2) A 10 foot secticn of 8 tzer ‘eea.:-.-e:- line with a velocity
d 83 ‘t Pr ICC- ’ Lol Sy bl T

(33 A steel plate trpe rnsxnt ene.-.a._:zm bt -ij,,g_tg.‘;}; e
. ey of 480 1% ser me T

: 1 -.az-.mu ror xiuﬂ.es
& vhicl: d.o 2ot increage in diéae_ta* du....., ,,e--**s (See Pe.ge 32, v
mx:lea.r S&tety, Decm.-.ber 1960) i ‘

(1;2)

",v is t"s.e u.ltimte ten.lile ltr-ns:.. L oene & el Qtééi;pii):ﬁﬁere 5
i is 8 io':?{y,ﬂﬁ '—gsct ass s, : hes et
t is tho ph.u thickneu, in:hes L o

o ; 417 "911 veuel b? t.‘ze thres nis:iies -s as:.cuv 8

-, agyparen ”‘P“Q;"“ :-"‘ 3 cuu.d. notipe.e:
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n.xzu :
,‘lnitﬁtion ct tha telt, ﬁzt p'euurt‘ aum to

,-;p;lnion or the tir, ahcvs & .mr ..a.:dn.un preuure
: irectly* in

i "'7‘!2&3 z\x;pre:sicn ch:.mber presm..e curves:

. the dry vell, In Tests No. 4 acd Ao, 25,

_ Teschas about 80% of its msaxi=is pressure dnring the ¢

. two. Test Bo, 27, on the otzer bard, shovs the effec
‘ f.tnnsfer. “Aftsr the initial surge the suppression ¢

uslly, but eventually resches the samc mexizm p
’Ihe sencnlly lm-'er cha...ber preasurea on Te

wm
*uuntully mmuneous rega.. ‘

E !!:u Moes. Llnd.ing ustn 3how t...v dry vell
tast i3 approxizately ‘8 ps1g. This '
ean (n‘c lbout 235 'r) re:m..-..a i:;
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v a muwa.m LE

N f\ﬂ.nstr::-nutioa had DOt deen finalized and thelir sccursey. dmumﬁdiy |

p e R e “‘r-,.n -x-.-".‘ ‘Sf‘""*"“z‘c ek

: c-.ruu pre-edin.g Yo. 13 vare x.o' r—presanativ- ot Hu.smh ccnditimu

t. 1o scma cases the location of all cocaponents of the -

. e data or all test rums 19 .m.mze, hm-nr. &ad mch of it s

n.mr htes Ix:ger tha -h:i::u: c-edible

Vi8S run vith an eres corresponﬁing to twlce ihat ot the mxim ‘cred -ble
_#ccident. The =xi=sm dry vell pressure for shis test wzs 6k paig
- compared to the Rusbolds design pressure of T2 psig ‘l‘he u:',.m

cnppresaion cha..ber ;:‘essu e ror nh‘c teat s 8 pug. . S

:'nt Bo. 17 vas un v't:; u:. arss commming to th:ee ti:es the

 mmxiees credi‘ble accident - The maximm dry well preuure vas: 90 Ptié  '

an:l ths mxi::.:: mppressicn cha.aber prea 5 plis.

!‘a:t !o. 33 vas nu: v‘th a.n ares ccmspondizg to tour t:.::es the H‘.‘GA
‘The maximm dry vell Pressure vas 128 paig acd the DAX i mppressian‘ oy

eh-:ber vas alao 8.5 psig. Test equipment lizitations and 8ot
- suppreEssion champer condersing capacity pravented runs at still ‘igb,e'-
ﬁ.ov Tates. ‘uese test dexsostrate the very npid,co.denaation em
, ‘under these severe condis ions and show that .he v o
emp‘..e-:e condecaat'on ..:s nct been reuched.

f'cz:demtlon tasts l.'t lcv tlov ntes vere qua.l.gy suc"es'ful With s
orifice dimete. ©f .14 inches wvhich cgrrespc:'.'_‘s %o the fls frca a
‘one imenh Fipe break at Busboldt the zaximur pressure in the m.;mesai n
- chazber vas 6.0 Paig. With an orifice Mametsr of 0.6 inches €.5 Ppsig
-vas recorded in the suprression chamber. At lov flov rates steax Lo

de-ution takes pla.ce in ‘the submerge- vent pipe a.nd the Rm.boldt‘desiga.”

crfec:ive.sy pmvides ’ar 1:. i

Addit‘.oul Air mr‘._.,h-- ch.eaain.z czu

Hgare 18 nbcvu an au.x‘lia'-y lir unk vﬂi»h vas ‘a-dc'.cd ’or‘ us .runs
50, AL ard %2, A gquick opening valve was used *o 4, seharge air 1:‘_..
‘r-ht dr;r -'ell tr:: ‘the auxiliary um.k vhich vas pmsa‘ X to

-3 : ‘me :;_ua.:z“*y ot sto:ed-a'* vas

n Iddition to t.be test: ~orreapondi.ng to the ux.az:: credible cpersti:.g ‘
lccidznt, several Tuns vere made vith larse:- orifice areas. I'est . 16

L
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SR ind i A

~..‘:‘:1¢ P A X

.  De first part of the pressure Suppression curve has the expectad

I ' » adr gtacd y 18 much more severs than Bumbolds conditions, vas 12 :

&::1.:.3 the eeer!.ensation per:.od

. throwm high {a the chaaber. It 13 belteved ,
~ moved upward Yy air in zhe pocl.  This vater utizg As & piswn cea

" level,

'fkr"t‘-g.»&xvo'u:icn Pml 'I'ezu:uentu'e and Tmperature R:ze

:  to bave any effect on cperation of pressure suppression within the rance

' apd setal in the test facility whish vag. ne
© . 7o ghow that tiis beat absorpticn does pov. ! 1y ‘
 suppression, tests with 259 TOTe VaAter in the resctor vesee
. water {n the erzdensing pool resuited ‘a pool’ apemzure r-ia -

S am 53'? Vitba:z t‘a .1 T 'c:pr :

lns ta "‘xe 'mnm‘creaxb s operating

: manmumum m.;er._; nve;,m Qng{ u..r ;g:pa@: utert.ne
. quick cpening walve vas oyerazad. The T2sults are skovmn in Piguse 19

o ndtig) PRk of aimoss T PSig, e 1o dips brzefly followed by & slcv ,,
- iocrease untdl 5 seconmds arrer the test bas started. Por the Baxt
. 2 seconds it ecntizues but At & greater rute duriu vhicn aboust | v
S of the adyr 43 the auxiliary tank flcwed Anto the dry wvell, Addi:ionu.
“ nr 1: the n::unr; ?-t.nh thea diac!nrged aorc alavly s the :dry vel.l

{;m -zina nppre:sion c‘-a.-.-.ber presmre i'or this tut',y wh:

i ;;psix. This JEsSsUre is eatirely ascounted for by e siryc:r-yo"
. indicating prempt steam ::ade':sauon in spite ot' the”: :

o Sm:-preumn &ber O'baer--a"iom

Althcu.;h & \lu dmn:trved m' ur az-rycvar does nct mz sers
. with stesa coxdensation; it 18 of intarest to ¥oow vhat Bas beeg
, ig;,'_’konemd ia t:- mppreulon cbuber du:..:.g lc:::e of the te:t runs

’;It bas bem chumd that
. vent pite sceelerites the ; acl levvl ur-a.:d f

, _,’»-'}pr'elnl the upper air {n ‘the mpprenion chuber until the air frem
. the peol 8lips “through the wtter which then falls ‘back m‘nme pcol.
- Tha initial pemk in the Surpression chazber presm-ti::fcuws iz
‘belicved o b= caused by this phencaena because no peak cccumd in
©tests vnc'eu:: end of the Vent p:pe vaa located a.bove th- nom. ;pool

. 1In !‘ut za. 26 vith an or"ﬁ&e aresn ccr:eapcnd‘ng o the mxim;a radible
e v;lccident, the ntitial poal water temperature vas about 1L0°F. This wvasg
. 60°F nigher than the design value of BO°F. The maxismun dry well Pressur

vas 8.5 peig tadicating satisfactory stean condénsation 2t this pool tempe
ature. Fo vilyation of the suppressisn chanber cccurred, proha‘oly dus ¢

| its oass At tbe dsn;f»ne e‘fec: of t.he earta, ,

'l*e ucu.nt o’ t.e::pcrature r'se Ln pool wazez- du.ri.ng a test daes no”‘ appe

- testad, Average pool tesperature rige for dife erent tests’ commnd.na"
- to Mmaboldt conditions vas 29°F; the ealeulated value :‘»s‘

~differance betoeen the tve i3 pr izarily due ta

:33'?

ly ,nf enae"the sm
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mppruucu u':un u r'ht:nly ‘ SR
:to;t’-‘atv yipo_lnbnrgenet. Tour tests vere eonducted with the peol

. watar laewel lovered so that the ducwp ed of the vent Pipe vas

- complstely cut of tbe vater at the STArt of the tests. Tests . 20
), &od 32 vith the vent pipe initially 3, 1, and 2 feet cut of t.xa

- R =L I-Mrﬂ-wpnuiun chubcr Pressures than simil,
i “ vi‘& uatal suboergence (bezause of the larger . .
P | eyt Mo, X vhich vas iniziated Vith the vent Pt
L e s m'n qeodensaticn until pear m exd of m talt.
R ~ Welocity at the’ od of the '.
steam dowvn to the water ad th

= E Jai. Apparenily steaa 4“‘.“"?

o

re 1'080 ‘.ﬂ m‘tiw
gty but stean

. apeutién cr
;""atian vmu oem. ,

5 camlusim

| e results obtatned 1o *he Mins Lasding test
e ;nu l.n.*. tu;;rauicn czu.-.-.bew du*gr. preuure

e (1) mmntion ofa stenn Jtt 1z v;u;- unaar ml st 2y
L &tiw S.l np.td lnd cmplt..e G , |

e *(2) tbcmrinx of & vent Pipe thrvush lss.ta
“vcu.u;bat l:“ect condenuzxem

,,f;f(s) At luat Mce the maximm credible break area cin te handl ed by
i B::boldt pressure Suppressisna systea withous exceeding its desiga

. conditions.  Flows corresponding to four times the maximim credible
fu,cideat bre-.k area can be ccnde .sed ‘by the_suppreas‘o”“ \b.amber, :

cast 60‘1-‘ niéﬁe."

T :?(7) The inttial pocl vater *ezpe—amre can be &
S the deaig: value vi*h'u* arrectiz:.g urim |
ehaaber pressures. e o

- .::m deu@ plra:ezerx ahtai.,ed i’rom t.he ,mtig ,
Appendix) were in substansial agreement vith th

. addition of vent fric"ion resistan
i 'by mn tcale teuts. o
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'.J- v ‘m..'c'lrs aﬂ- : x"‘jlw 1‘ ,uqr QMWQ,‘Q’*F‘T;( _‘ ~ -7;,‘

[y ?iczﬂ 23 s s plat cf mt l.ru urm peax d.ry vel.l prsuu:-. for;
N araes alﬂ.htad by tho -thods ;rcu ated (o Aypondu v. !
Y ( , runlts exleantad by the u-
g W flow rates u wuud hy t.bc

mmh 'nst sra, ‘

WWM ﬂ:r pnz #y wﬁ’m,m;tﬁn'eﬁ t;n; fipre
Counttm (1), low m‘u-eo.. 48 shova &s the 'npp-r latt por*icn‘-c:r-f-&

.‘jl""i;‘;i}"fg‘f; W2 ‘q_v."‘A\. R ! *







L jCcl:anm at C;lcnhtnd. Dry Vcl.l Pnuu.n vith
e **Ththalpy-htrcw chrt ot Vcnz naw
Ycut Chnring m:uiat S v

_,&1‘31' @= ’m' g0 o

!ah'e!.cu of ?ast to Calcu.atod no‘v Hatc Sl
. Tow Properties for Bomogeneous Flow
.. Caleulated Results for Ecmogensous ?lcv i
. Mov Properties for SlipMov o
 Caleulaved Results for Slip FTlew oo o ol
 Tnergy Belance for Chamber Prassure
' Vemt Clsaring Foergy Belances
';Ym CJ.arins n-anaicnt - )bﬂ.iﬁcd Origiml Mbod o




/ma lymdix aucrz‘bu thn unaly:is . £6r pressure. o :
‘ ;uien. “Included are dssign ealculations mr 2he mmam p:onurt xumuien
. systam. Test rasults and ealoulaticns for the full sesle M¥oss landing test
: ‘tbc:.lity are also mumd S,n parts ot this ;ppaw.: 5 verify the method or

dmani, : f : 5 3.4 3 poss i‘bln gennrat_
-=tgeiles, an 'tha‘ rupture Jet flov Teacticon and im:a: ”’v_hich ccatinues
ftnu ventidg ,_pcriad.“ _mm utfec’u nra considars; 4 “SQction G of tht

- The iag period ,’oegim vith an initid. pr-umra ransisnt ronme. by
jquui-neady flovw condition. It 18 d.uri.ng the ven‘cins*per‘od that the a
suppression of pressu:a o»'cura, ‘and the dry well das: v

upan prenure vhich occur dn.ring this period' et

: ‘en‘ :gy of th- p-ri...a:y s ‘taa 1s fexh.auted md. v‘ £ g

”gnporary st ady staie conditica exiats at the be B \
eTic iy condition is the p-*imr .cns d.eraticn J.n

’ntin.z: £ the u’ppreumn cbanber. e

mzboldt d.n veu v:.: desisned on he buu of Y mpture ﬂ.mr rate, co’v,jﬁ ypondin
to nonflashing vater flov vith s flow coefficient of L1 t 705

opeaing (12 irsh schedule o0 pipe). This value of the flov. coerﬁ. lent 4
. generally accepted for the flow of cold wvater thiocugh a squaTe e o
?“ Tachn al=:,Paper No. blo, Puge A-19. ). The fiov rate gtezf:.tned in th.in
 panner -wus known to ta conservative for flashing mixtuses but In he absence

o nccurat.e inromtton at the time the Humboldt pressure uuppr 1
\ru d.ni@ed, _t vn beJ ;wed to be tke prcper cne to uxe,. ;'

Mdu..n :nd. mner (pggp_. 419, h‘ﬂnuctiou 7Ju..'y’f‘ ’;)‘
flov of naturated water through e=sil’ lquare eda;ed orifices
lig from .24 "’igo , 8‘(9 inen 4z ametar .:.n 5 1t

" ~rapola:ting ﬁ'cu: G
800 to .‘.2;0 pa amse veu:.,, *e:ul" in fiev zat out
edbv t.u oriﬁc oV equaticn vit '




T tht the 8000 po.mdz enpt' 1
t:.test to prediﬂtei flow of 28 to 31% all




Tansient pressure buildup 15

1 Commrtem or Calculations

with Test Results ST o ”
| the e Fesaure under flow conditions s tne pus Of the Pressure at
 TatTire drop depends on the amount of vaper earried 1ato the ven
| P fovoetiods. me rozbaldt dealgn 1s based on the ¢
| Ssmaguion or 1008 carryover; that 1a, a1 ‘the unflash,
&7 el 13 carried 1at0 the vent o

rried into th Pe Vith the gt
i€ of Vater 1o stean 0ccurs as the mixturs

 Be water slips (o relgtien

Plgure 1 th%‘ o ot el
1008 carmyorer and (3) of o

e && ofth }b a‘

‘Plotted in thys

With the homogeneous

o CREYe. e trmiai ¥ CAITYOVEr test roints shew be curve gra’

- folloved by the quasi-stesdy flov pressure of 2l paig

| afajcaten that the homgeneous mrthod used 1o coriest
dealzn 16 4 good and 1a :7ly sccurate method for pre

o

| Inordar to deterstne tne friction comporent of ven
. At 13 necessary to determine the total fricefon -

| Stratght pipe ro-
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m ho.qﬁw.lant l.ngth 1' egme“’d ‘bo lk' equi ,»"nt lens‘b. , et
© use of the fact that the fricticn pressure drop inona foot of Lo™ ripe
u ‘equal to tia fyistion pressure drop in 0. 281?::::1;502 1&" pipa carryi
5:,1/8 the flov and having the same friction ractar.
'f»pi';a‘ ,J.l‘s; and. hrsar‘ . rrictian racta'r e

_o“ ’East Venty?’f in

}lh" entrance nnd. entmce phte' I

‘18" stratght pipe: g

ila" -Rl’ K ".‘ - o39> x> ‘26 “y !3'0

""lh. L 3- CIJ.. - -26)K> 013, u20

'}13 tee, flov through branch- . x -

" expensien Joint: X = 06 g
: htll 116" iquimant length

4 nrpturt :lcw ix ‘detcmiwl t:'cu the orifice flow equatioa vhich ean
written tollw:f e -

A.- orifice ares, nq b
= fluid dengity, 1B pe:' eu 2t o
& = gravity econstant, 32.2 £t per sect i
AP - di:feraace in pruuu.re betcre nnd. aftar tha_,jrince, 8

;!’cr tba, dnisa nm..,sionz (no mshing m t':.a oriﬂce a::d a ;:flcv 'ocrﬁ ien*
{ of,. ) un:l assuzing » dry vell pressure in the~-’ra:.g: e O to 100 psig
T dhe 7 _;.mvm:ldbemthcrmaaat'-




e hrlw‘uurammr 1 tha mu, m maxtmm wu:ure dnr..ng th-
S - flow pariod cecurs vhen £1ov out of the dry well vis the vents equals
.o the flow rra thn Tupture into the dry well. To detarmize the desicn
Ll e , ven’ flov ratss can be assumed vhich straddle ths 9350
4D Wctwymﬂwaﬂawuz cfuhm-u ncv
- Secalioving demor 11 type equeticn 1s the basis for lsteraining vr
- &rop 1"‘;‘, secticn of pi';e un-,ring' 3 homganem' m vith MUY

T vhere dl’ - Mrmntal d:op m preuum, psi
e e T £ w friction factor - : R
ES D e &L © incresental tq.uinlant 1nngtb. cf pipe, tz. ; Bl
7 D=pipe inside dismeter, Tt b iy
nrg. mizture velocity ia t.ho Pl pe, f‘ r se: SR
L g = graTity: constant, 32. 2 £t per n: ~ I
| ® a pixture density, 1b per eu 5. - o
“ :ndx mmnt;l i.nr:ruu elmt:.cn, :t. e

h ths t;nilw Dnrer -

S ‘!b'ﬁrst tarn on tba ; c:t -18'.:.- or eq,uation (2)
- furmuls for frietion; the second term oz the r 1gh!
:f;_jueuz.onuca (r » u), md the ri@t ma ter is

S“bﬂ mzz V/f‘A for v, ,vhea A i: lq‘?’ﬁ;l ~of the pip
. 1bs p-r uc 4= tba pipt, and resmnsmg 51- o

: vb-n ,41 ;nd! ue the demities ut ﬁe 'beginni.na and erd af & ﬁnit”
. 4nerement, 213 the average or/" and,ﬂ;.ancl AB vil..; %e negative for dovm
nréflmrintbevertical lh' PiPe- ' L

B -

i" oqmtion i mmnged al fouava ao thatar. c;n ‘bo fm¢ directl
The tara. (V/A)allh-hg is repnaented by e




hustica (h) 1s naetmn roremd "o as tks ganerxl ﬂ.w eq_ul; em, In
 crdar to solve it, ths dengity of the malsture gs s fune’ion of . 3
‘P,‘ in At.ha 31;. -m e, tmmd n'ca tha !cllcﬁ.ag nl;txm

a-atc' .‘ u’

" “J - &«l“"‘. -

) (h B:)/b:;

,! o, b g : »._!;"c ERRE
’ ,-.‘ 1 5.";‘,;; Fud ,a'"r e

,.- euthnlpy or thn ni::tura in tha pipe at prsuur-a P,
e Bzu Ter lh oo LR
= enthalpy of vater m tha reactor veszel (staguticn
- - enthalpy of the flowing ui:*u:-e) A -
- 1-7783.15: pcrmu ' =
. ® stesn quality (1b per’ sec neu per lb per sec tcu.. z.i..».u;-lj
Be = oenthalpy of saturated veter in the *pipe \
1o W ‘evaporation enthalpy in the pipe :
~ = gpecific yolize of asturated vat-r in tha pi';e, cu tt:par 1>
it ;- mpontion lpociﬁc volz::e .tn tha pipe

k\aﬁen (5) rePrezenta the Hnt r.nr ct 'I.‘be dynaxics as appl o
- adisbetic stesdy flov in's Pipe. As s mthematical cmnienc‘o, equat cn
- (5) 1s usually reduced to h s by in flow calculations, vhich infers
' gcnstant enthalpy flov process. (That is, an amount of heat is assumed
. %o be added vhich just equals the kinetic energy of the mixture This
niz;liﬁcation has been used in establishing Hu:nboldt design and 1 wJuxti-
. f.;ﬁld becauze 11; bas. n szall and comemtiva cr:’ect as vil.l 'be abcvn

: A g-itical end—of-pipe conditian could e:iat 1 tb.e ‘oack pr- _," on the
. vents (chambe ‘pressure plus sutcergencs) is lover than eritical ~v=nd.""‘:-pipe
- Fessure. JFora siven flov rate, the critical preum occun“;vbe all

the in‘re::ental preuure dr:p is required to AQea:

mgiﬁc volm 'kthe nix‘.:ura, ¥,
equaticn (8) can ”oe, vritten as fol.lm




o i:m ﬁp- wu m-tim (6) -2 (7 ] m J.mtz-s

i







a th- n.lu.es or G f@r 1& anh pipu vith v-alue:

e zn‘m:z- II as indicatad by equation.(10)it is spparent that
L ;k;_‘nd,-afolm Pressure ahould exist for homopsneous flov at about 35
. for rial A end about 40 psia for Trial 3. ..By ylotting tn‘»ulnpl;

o ('L'a.a ri::s head.er is mitted becau:e the !: “-1’-‘3

: ,"hudar, in auu:aed equ.ﬂ. to Pk)

delta P/dslta ¥ ‘u;ll ﬁ:nctioa of P, f

pr-uura ot lla" pipe :.r_}.etd o

.t 1.’4"

| f‘ff-;;fnch tranch are small and negative indicating a slight : ,
 rather than a drop. P3, the pressure yat % besinning f the ring




b ~’!;{—>-—-d ph-=~4.

mavm; fcr t.ha wlocity h.ead 1n the d.ry e
nu ynuun 1519 3;013 oréké‘_







va:t::.av u - ﬁn&t:on of dry wu
Ressum, m intaruetion of tha

™ shov that thn siuplity.mg
_ sssuxptien of ccastant mthalpy

48 justifiable, caleulations zmm' D e
boen made for Trial A us:.ng equaticn s

. (5). These vesults are coxpared

S with the Trisl A caldulations of
. Table IIT e an enthalpy-entropy
(hbllior) d1a en Plgure 2. ',mu
shova that using equation (5)
»vitbout linpliﬁcation regults in
- slight (68) at in pres

dic‘ing critical end-of-pipe Tressure, &
~ about 1% different frcm the design metho

mt tlar comspoadi.ﬁg to design

nr:tu:'a ares), thare was no evidence o
‘ m; indicates that tne hamgenecu:" ’
eritical Pressurs, and slip flow at thi

V:Ecvmr, the effact of significant s
:-.ka the hmoganeous method sligh Yy
"lll prauure vould not be nisnit an

Cnlculatim li:ilar ta th.cu shmm en-

n:yeuz-n flov rates to obtain the upper lins om Figurs 1o

dryvell preuu:e 1: cnly
:In the'.,n_al :calc tgst:‘ vith

15 pessimistic 1n' pred:!. ting
d.".xe,.:*-ge z:ut be si@iﬁ“

r.ad.e for different

tests indicate that the Tupture flov rite could b

- used to establish Himboldt Jegign. Figure 1 shov _

d.ry vell pressure ‘1is abuu. 53 psig or Half she de: ¥~ T
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e :t is questicrable vhether ths conventionally esleulated equinle::t
ngt (o- x tactars) ot ﬁ» mgs could. ‘ae und.. ;

am wid. t‘:actioa r;or‘:w a% yire ‘ares occupied ’c-y r:.ua) S
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. need not be ineor

- ‘such ‘rlsks. Wl Socmeconomlc 1mpacts
- assoeiated with emergency measures dur
. an accldent should also be dxscussed.z :
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NRC Safety Revxew
| NRC staff revxew of the FSAR' ‘began at doek_ tmg’ and,;
L praceeded as descrxbed m Sectmn II.A 1“’ plished

Lxmerrck SER (Ref 4) in A'/ ‘tflsas, ss‘ ‘

SSERS 2 and 3 in October ‘1984,‘1 m sugport of low :power mensmg

o ,""""’I'hree addltxonal SSERs have been issued to date

Durmg‘ the rerew process, the "'yﬁ,hxgher po Iatlon densxt,‘:”

‘~.surroundmg leerlck, the lssues ralsed by-( in rvenors and th

7 was 1ts practxce for otber reactors. Fn'e protectxon, envmonmentalL

‘ :,further dxscussxon of thzs matter. '

**ENRC Envxronmental Rev:ew Cigand

NRC staff revxew of the ER-OL began at docketmg an

o , .eontmued through :ssuance of 1ts DES m June 1983, a DES hpplementi

o (Ref.. 6) addressmg the Intemm Poth on severe “atemdents g

/'.rl~v,,]December 1983, and me FES (Ref 7) m‘f ril 1934.

{T]he analysxs of seVere acexdent: ':onsequen
“Zthls document has 2 number cf uniqne features that

PRA

R fhmxtatxons



Fovetauswnr

.,"""that mcluaes external;ffi
: .:,‘1mt1ators, (ii) the site is substantlall
- g»,"average m terms of populatmn;densx

.a'f:of severe accldent éonsequences ‘cha'
__ customary in environmental impact st
- other OL actions and by the same token,

; 'an expanded scope of analys;s consxs
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{ f;‘The Fxrst PID, datekd‘ March 8, 1983
() The st SER;‘ dated August 1983 -

G Lff{{:SER 1, dated December 1983

| i__nj'ﬂ,r,;SSER 2, dated October;198

SSER 3 dated October 1984

k'The FES dated Apml 198; ,

er"plants. ! It was funded by the Atomlc Energy
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Vollmer, Rlchard H (U S. NRC) memorandum to Harold ; nt

NRC), Subject' Reopenmg 'of NEPA Issues on Rxsk—Study Plan g
1980, Cobine

*Dlrcrcs,”’ Wiﬂiams (U S.~ NRC) pohey “issue 'mformatwn

Commissioners (U. S NRC), ‘Subjeect: | Performance of Probabxlxstxc
Assessment or Other Types Of. Specxal At High ‘
Sltes, SECY-81-25, January 12 1981. B S

~I1The Instltute of Electmcal and Electromcs Engmeers prepared:for U.S NR'
25 "PRA Procedures Guxde," NUREG/CR—2300, Janua 198: : o

e »Lewzs, Stephen H (U¢S. NRC) letter‘ to. LaWre’ e”Brenner, Dr‘ Peter :
~Morris and Dr. Richard F. Cole (U.§ RC)‘*SLI : h
.~ Limerick Generating S’tatmn,
Febrt.ary 1, 1982.; 5

fh ,'U S. Nuclear Ragulatory u-'O-mmISSlO I “of A "Revxew of The leerxck;
i Generating Station Probabilistic Risk sessment" Board Notxfxca’clon No. '_
»82~108, Docket Nos. 50 352/353,'October 27, 1982 Gl ek :

oy Boyer, V S. (PECO) letter to Darrell . E
. Limeriek Generatmg Station - PRA Documentation
- Additional Information Requests Based on 12~ 5-82 Meetmg on BNL Draf‘
L Revxew of the LGS-PRA, December 22, 19 " ' :

""‘Boyer, V.S- (PECO) letter to Darrell “G. Elsenhut (U.S. NRC), Sub;ec -
Limerick Generating. Station - BNL Draft Report of the *LGS = PRA
NUREG/CR—3028, dated October 1982), January 25, 1983. o _ :

F:Brookhaven Na‘cxonal Laboratomes prepared for ;U.S Nuclear Regulatory
Commission, "A Review of the Limerick Generatxng Statxon Probabll tie
;RIS:( Assessment" NUREG/CR-3028, February 22, 1983. SE 4

sm}mmAw&Nmumammwmc.

Request for Addltwnal Informatlon 'Lx 1 ‘erxck' R
S 'Nuclear Regulatcry Commxss ion,. Draft 'hmmar’
m < Generatmg Statlon Severe Accxden Risk Asséss)

uclear Regulatory Commxssxon, “R
sseSsment for the’ L'merxck ‘Gene




;Matter of Philadelpma Ele”ctrl
Umts 1 and 2, Docket Nos.VSO]H 0-35







Some aspects qf‘ the s‘l‘.affr vie
omewhat since the applicant was f1rst‘request
RA,knowiedge has. advanced

expresswon on the usage
'1980 lett r to the app




The Staff used the 1nfarm&t1on that evolved from the review of t"* im
PRA,- part1cu1arly information’ concerning risk dominant sequence
‘whether 'such sequences were. attr1butab1e to structures,
,Wprocedures which failed to sat1sfy NRC: reguiatory-req T
ffconformances had been identified, then the items

' changed to confarm to NRC requ;rements in order for the necessaer>
f1ndi gs to be made.~e,lﬁ o ‘ _ i

{ance w1th Commission regulat:ons but to'a.uninue design’ aspect -
the Staff would have cons1dered add1t10na1 measures to ompensate
he unlque prcbIj' l R e s e

the*”xtent that such 1nformat1on has some sxgn1f1cant re1at10nsh1p to th
;;L1mer1ck design, the Staff has: ‘useld information relating to such matters as
‘potentially significant sequences, specific system or component failur
~-and containment failure models as derived from its review. of other PRA's.
test the reasonab!eness of data and’ assumptlons used in‘and conclusxons
:jresu1t1ng from the Limerick PRA. The PRA,revwew supplemented the staff'_
f.trad1t1ona1 determ1ni$t1c safety revxew' : » ‘

;The‘staff‘s Reg1ana1 0ff1ce a]so same plans usage of the PRA asvd1 cussed in'a
- letter to the applicant dated February 28, 1984 to provide a pr\oraty ranklng
~of the e!ative 1mportance to safety oalsystems and components LT

ifﬁ”LUse'\n Env1ronmenta1 Port1on of L1mer1ck Proceed1ng

'?Z~The staff planned to use the 1nformat10n resultlng from 1ts review of thei7~5

HZ}LImer1ck PRA to assess the risk. of‘accldents beyond the design bases, in .~
‘dccordance with the- Commlss1on s Statement of Interim Polzcy COncern1'g Nuc1ear*

i"ffPower Plant Accident Consideration Under the Nat1ona1 .Environmegtal Policy Act

- of 1969, 45 Fed. Reg. 40101 (July 13, 1980). The discussion of accidents =
,_beyond‘the design bases in the L:mer1ck Env1ronmental Statements (DES and FES)
. was: along the general llnes of such discussions in other Envrronmenta] State~"{

: 2d s e

epend1ng on the nature of such un1que prob]em‘
/egulatcry provas1ons uhwch nay be applxcab]e.
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,expense‘ and deferred taxes I have not assumed that apital addition

. Kennedy and Associates







for growth and oil dxsplacement tihérently requn-ed :r.”
Moreover, as the decade progressed th“

am unts of capltal Addxtlonal capltal attractxon .
ts were also ‘associated with ‘our. coal;generatmg equlpmen
orine ;al]yv ue to ‘the need to add costly new ,e :

The }ngher electric-‘pr" es
electmcxty S S
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allo:'ed rate of return In effect allf“”'.f" S

P&L style smkmg fund deprecxatx
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benefxts fof only about S413 mxlhom ,, Thus. sunP__»

’:“efxt over 1ts lnfe In every year before 2022 the plant ‘would

‘ *,:kaftef ’kax dlscount. rate In these analyses all that hasmhappened ;
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;;;  fk;.}r azamst. Mr Guth has done the :same thmgi;-'
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b nesses. Dr Hleronymus \new of prudence seems to
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~ Falkenberg Surrebuttal Exhibit

_ Moditied and Corrected Phase-In with SI8 Consan Plant
. Using Vitness Vroblewski’s PPLL Sinking Fund Depreciat




baidiary
éa and Excha

. Accounting records are maintained in sccordance

. with the Uniform Syatem of Accounts prescribed by

. the Federal Energy Regulatory Commission (FERC)
: a:d ~adopted by the Pennsyly nia Public Udlity

n(PUC).

ssociated Companies .~ o
- Investments in unconsolidsted subsidiaries (all
- wholly owned) and. in Safe Harbor Water Power
- Corporation (of which the Company owns one-third =
 of the outstanding capital stock representing one. e estim
* h‘.’.'°fth'.s‘ff¢¥Hhrbor’ci:r:;infz~,i¢cuﬁﬁ‘¢s)";§ recorded | E SXCEPRION.S e Susquehanna_nuclear glant -
‘using the equity method of sccounting. Unconsoli- ~ ¥hICh, A P P e Yl
 dated aubaidinries operatein the United Stene sny  -method,w iev methad Jemleg beed for patemaking
 areengagedin coal mining, holding coal reserves, oil . - Purposes. Provisions for ,e,n?.*‘?!‘,-‘,“’,!‘e‘»!ﬁz‘.‘&ffzsgg.
_ pipeline operations and real estate investment. ~ averagedeprecisble property, approximated 2.5% in

~~_ The Company believes that its financial position 1984, 2.7% in 1983 and SOMin1oA2 L

- and results of operations are best reflected without 0 i

_ consolidation of these subsidiaries sincethey arenot
_engagedintheb iness of generating ordistributing -
electrici 'ncg‘:ncs’olidhtea;qubgidi-iﬁe-,‘fcd“n-‘; '

¢ aggregate would rot constitute &

rtified Public Accountants ~ New York New York

oth ShamwnenandBoardof Dtreclonof PennsylvaniaPow r&

Dy r31,1984and 1983 and the related statements of income, earnings reinvested,
. changesin financial position for each of the three yearsin the period ended December

1984, Our examinations were ‘made in sccordance with generally accept “auditing

‘.il‘aix‘idﬁquTfﬁ‘dd:,«a’cco?d}ih‘s‘;ly. included such tests of the accounting record sand such other

X - 7

iting procedures as we considered necessary in the circumstances.

_our opinion; such financial statements present Afairly the financial positio

' Cdmpdnj'étﬁmmbcrm'_.’iSB(lhd‘l,QB&’qnd theresulta of ita operations and thec
inita financial positian for each of the three years in the period e

conformity with generally sccepted accaunting principles appli

after reatatement for the change, with which we concur, in

leasen an dencribed in Note 2 of the finnncial statements,

ruary 4,195

 Source: Audi tor's Report in PPSL 1984 Annual Report
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