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i direct radiation from the conmnmem follom a2 ﬁmon produc
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@k containing water with means for discharging steady steam. - have a volume scale M
+ flows up to 1000001b/h at a supply line pressure of ‘100 psi. - about :1/1000 of the < 7%
- Injector pipes ranged from 410 14ind. 1 many tests, an open .-eotresponding - parts .
i top bow (as shown in: Fig. 2) restricted the volume of water - of .the " Humboidi
- surrounding {he discharge pipes. - o T “ design as” it was then - .- T
C i The 1ests. demonstrated the extreme ‘Fapidity of steam’ jet -- . Anticipated. - With |
-.condensation. The jets stirred up: the water vigorously- ind - corresponding. e |- B
| complete condensation was ‘obtairied in all but 3 few teits where  and linear seales, the

. the injector pipe end was barely below the water surface. ‘No " fim
Iarge sweam bubbies _were observed.  The. degree. of water

. surface depression in the vicinity of the jet varied with the pooy

. The test procedure wat 1o il the vess
o vater, “heat'it fo & ‘pressure it

-~ disc 10°allow the wa
- well_and- then into b
- changed to simulate di
 additi

al -set of transient test pressures. shown'in’ Fig. 4,
ulis ‘were in substantial agreément with the amalyueal
+ "predictions. ‘except” for: the flow rate from the reactor vesse
- Lower flow rates ‘were obtiined -ihrough the ofificz than had
-+ been calculated using an onfice equation. a eoefficiant o
'« and the density of saturated water. The maximum sug
- chamber. pressure. measure indicated ' that ‘condensa
. complete and ¢fective and’ that for this facility the
“ the dry well was not €omipletely transferred o he suppression
Lot I one:set of tesis; simulated fission products e plac
* . the reactor vessel belore the 1est ruptute: and’ the  amounts

: o presentiin thg‘airf Bove the water poof were measured -

. 255328
" Hony 0

k Fi‘é —Condc:mgmtfuduy. S e

”;e'o}_‘nmy s we 23 steami nowme'ﬂxc ‘condensing tests
ptaved the eflectiveness of “straight pipes discharging downward: . Lo
and all subsequent wark was donie with this basic Amangement.

s ‘C‘.L’frquybx‘i‘e‘ni‘"re}r Foci ity e R e
© o The tests “fint small-sale facility had “three

5, ’h'_c‘ni’urév, 1]

1~ To abserve the ‘eperation -of 2 system. simulating an
_aceident and thereby: gain insight into the ‘behaviour, el
= To meawre uansient pressures to. compare’ with
nalytical predictions, e TR e 4 SR
S8 s preliminary information an the ability of the " 1
) e fission produgrs. O
facility. conmsted: - basically of  three ‘ihterconnected
Sure ‘vedsels simulating 2 reactor vessel, dry well and quter *
encliwure over a 7 pool.  The schemaue arrasgement. and.
iastrumient loday, shown it Fig. 3. The relatuve ‘position
tor -different from a pressure suppresuion
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-85 Beatly as possible.
. the “portion of the st f 3
- with'it and an appropriately sized dry s nd sifr feavior
~vessel. Fig. S is.a photopraph of the faciluy. and Fig. 6 shous
& schemaue diagram.” The segment of the Humboldt suppres-
sion chamber which the tess chamber repreents in tull size ang FE
shape is shown in heavy éutline oa Fiz. 9. The fime ale iy
the same in thew tests as it s in Humboldt and is not shoricned i
.88 Wag done in the previous smali transieny tesis. ST
The nmuiated reacior vessel was a vertical 321t lenpth of
Aino.d, Schedule 80 pipe with 3 volume of $58 ft The
transient tests were initiated by breaking rupture dises, edusing
flow 1o pass from the reacior vessel throuph different . sizeg
.- sharp edge’ orifices ranging from 014 10328ind. A 164ind
" orifice equals- 1748 of ‘the area taken as the maximum credible |
. opture for Humboldt, The test dry ‘well: ‘volume: “was
... approximately ‘1148 of -corresponding  Humboldt volume,
-The piping. which carvied steam and water info the dry well wag
- made oversize ‘0. direet ‘rupture. fidw  without introducing -
“ significant Tosses, It was terminated Jdnside the dry well with R
.+ -different - fttings . for  différent 1635, as shown in Fig 5.
. Arrangemenis A 10 E were uted fo produse differenr amounts.-
. of ‘water carry-over in the steam leaving the dry well andalg .
10 influence the time of air discharge. The PipIng conneeting
: dry well with the sugpression chamber was 14ind. and wus

.'.r-‘ e 5”’.,“.-.'...““’.

)

t"'""'l‘n-’ "

e
Bt
LI

i

B e

Fv; S—Humbaidttnl lac:lity T

“test. Xenon. krypton. sodium iodide. elemental jodine’ and -
zine sulphide particies with 1 mean size of 2 microns were used.
Test resuits must be considered ag ‘preliminary but encouraging. -
The measured séparation factor between the rescior vessel
and the encldsure was of .the’order of 10=4. for the smail solid -
particlés and: about’ 107* 10.10=* for the halogen and soluble
3G More-thin half of the noble pises were fetaned initially; -
3 nsiderably “‘more than expected . on - the “basis of

“"P‘sbluﬁilit.\_-\; SR S
D ani%l,dt Full Scule I#{S,Seg‘lu’ﬂ,tl’Dclrio:ik:i&q{i’b!t Tems S
: Af,3Iafté:,‘li;ﬁ§:¢nx,t:s;/;’[aciﬁ};y;y"as Sonstructed 1o. proof test ey
“and demonstrate the Humboldt design. The equisment simylat:;:, = Hig.

trapezaidal shaped suppression chumber wis | it
ft by 123f1 in ‘horizontal cross-section.  The ¢
chamber was 491t high and normally was filled with
ey o adepthof 18 The wally were insulated 1o reduce
SR d@ T dion. The suppression eNarmber and the ‘ven

Cid i asogme
Sitvelated
g | FHicTOr vetial . e
™ s ] OT 1]
P70 e %
Double eupture g .

-84 orifice aivemaly.

i1 vent bipe were:
Ahe ‘povtion of the
‘Provisions were Made”

measurements. at the Points shown on Fig. ¢
sures ‘were measured by strain g ransdy

f fheetien “and ‘wéré,»,r\c:p;ded,by';;’li‘gﬁt beam oscillograph,
{ [oirspace '® oo The performance of The system’ was investicat

i ance of ves ‘over a ‘wide
. range ol conditions: simulating accidents: both mere and Jess
- severe than the maximum Fupfure dssumed for 15
parameters were varied,

g 2
- design. The following | 3% ,
- (a) Flow rate ‘was controlled by nine different
- 7. vanging from J/137 1o four times the area of the 1
.. representing the assumed Humboldi maximum,
o) The effect of air in the dry
{8

*ILonitrogen =

Teteas & ® rn
Dryweil pace | ‘ i

!ltmnur :
o ey

e Gate'vaive
L Glove valed
o ARSI valeg
B Reliel vaive
= NEtmally oorn'y
o ¢ ioi

ff‘i:mﬁwm emt L paal

Rupture e - :
(D Pressure mesiurament
D Temparaturs mesigromens
Laval o ey

» dry-well during & 1
- 4€) The amount
- with the “steam {nti
nd 90 ‘

. 49) Tae dnitial ve
Taising or Jowering 1
o/ submergence was |
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umboldt design hag Sft . high',
Septh of submergence alyo vafied , ' the
of the deign & Amngement C which
: No. 2

ey S </ Uted Arfangement B w
between 60°F . over-and sy resulted in 2 dela g ol dry
<~ Fig. 10 is a plor Of three tests using .1
- dismeters of 2.32, 2.34 ble
Pressure wag 1250 psig in atl “The ‘top plots on Figs. 9 and 10
-the pressure was 1000 psig, . zimnla‘l,t'd;frfeactdt;;\‘e;{el ‘Proceeds in th :
‘three Tepresentative rest Fesules using & gpe 3mall tansient tests. - After n initial sharp drop as tial
pture. 2~ THe differences in thege - recovery, the pressure declines while xhgmger}iix‘bein;iexv‘il'ed.r
ry well internii armanige- - Then, af about 175 in the case of Fig. 9. the predsure stans (
8) which gave fall more eapidly, indicating that’ the water js. gone from the -
T ‘feactor essel, and the ;d&a’y:jtum*caﬁ':smdxgma blow~down
‘ L of astnmﬁﬂcdmsc! e i
. Dry well pressure Tises rapidly duting the
Hforeed down aut of the end of the vent and
~remaing fairly ;«:’on's’unl;wls'en_;lh Mfow resistance in th
33 »‘d’oniiqang\~,fa¢ipf;r

wnt 30t xbove he. witer. The W
| submergence, irying

. the volume of
f vvalye,

f
l

-l
3 f

o

S i Tefst"!?
oD S T T 17

‘,lnag‘rjvg“ml
g pretsure, pilg

T

o8
i
e
&
v

pthdne g =

Py

Deywelt
Pressure, pelg

i ew
o}

fon chamber

Presiure, pyjp. :

“Qﬂrlk‘lhu‘ :

=" Arangement £

8~Dey wellimternaty.

—~Repré entative test resules e

Suppres

=4
RN

T8 1013 ErE T 20722 23

-
Time, s

1.1

Fip 10~Test resutts for tyrge
R afif»;';‘_g;,g £

g}" = ; ....Tu: Ndrzi‘l“_ 7T

N

of pressure in: the s
chamber, e
Cho At the beginning of the test,

_ITew No. & than Grryonere ariy)

A Tast No. 25 (low SATTYOVAP, 3ir early) 1T
LTest No. 27 (medwam carryowver. ’:‘ygr;u'(-,‘;
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-

space’ compreising.
ater breaky s ag;
puol. the
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-7 ruptere aesident. i i /. well
" designed for 72 psig. - The range of pressures was caused by
differances in ‘dry well internals which in’ﬁi;en;g the“:moum of

- msacrom vesser |
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| 1 L By IEOS VAL SuE
" ATasts 312 a8 nut raprasens Mumisint becrots ol lrge dry wall.)

the reacior vessel and the wates sxpulsion time 35 determined
{from the ‘pressure trace.” For ewéry orifice size tested. the flow

. Tate measured in this fashion was ‘sipmficantly Jess than the

< walue predicted by calculation methods used for the Humboldt
. design. - A comparison between measured and calculated flows

" i shown in Table
~owith e flow eoef
Cdiguide oo T T
“-The-assumption of ‘saturated liguid densit

cient of 0-61 and the density

‘ the otifice may be expested 10 influence the flow.
- The maximum:

i ‘136‘psigzy for 1este simulating the Humboldt maximum cradible

L COMPARISON BETWEEN MEASURED. AMD:
S CALCULATED VESSEL o )

S Balatiads ol tigt N nnu :
L L A e

e o speui the same tar Similie v
Arte (o and (A dmall tenes dacribed sarl

2. The calculstions used the orifice equation
! -Satisrated
: in the ealeulation

- conservatively negiects the effect of stearn. A% saturated witer

8 expelled some flashed steam may be dfdwn into the orifice
water. This: effect would be  preatest in’ tests with
- large orifices and consequent large water velocities inside the -
- vessel, In addition the flashing 10 stearn during flow through'

/well pressure was inthe range of 25 10

y. comparison. the Humboldt dry well jz -

pired - ; e
witially: sut. ol ha watar, oo

water carry-over 10 the vent and the time ai
~well. . The dry well pressure at the end of 1

< -mately ‘8 psig.. This p

the hot saturated ste3 - wate

‘and the supprestion chamber pressore.

. Rupture flow rate significantly affected the mazimu
~well - pressure.. The bighest: dry well' pressure. of 138 prip

 Gccurred with the 3-28 in orifice while the lowest maximum dry
o well pressure of §5 psig resulted in 2 test with the Gidin

_The initial depth of submergence aflected the time required i
€lear the pool water out of the vents. Increasing insial subs

mergence from 61t 1o about 124 rr.;f,lc‘ns‘xp‘ened;‘v: i
. me” afd cledring “ présiure by “about: cne-third." |

§

- submergence made the vent clearing dry ‘well pressure insipnif.

ant in comparison with the quasisteady flow Presture which

‘occurs during the 140 175 period in Fig. 9. ..

fur




ater Pool

~the. mazimum pressis

. onifice were tun with an aukiliary pressutized air tank donnected
i xhroughva‘fquickrcpening wvilve to the dry well. . The valve was
o '”opgn:,dﬁ\‘r";;or“si‘:f‘sé‘:onds after the beginning of the tegt when -

- sieam flow rate in the vents is high. la 3pite of the extra ‘sir,

- Steam condensation in the suppression tystem Was thown 1o

o -berelatively insensitive to vent pipe submergence, Four tests wepe - ™

“:. conducted wth the poo) water leve! lowered so. that the diss e
€harge end of the veny pige was completely ‘ot of the water at -

. hestart of the tests.  The most extreme test with complete con-
S dedtation was run 32 with: the 'vent. initially 24t above the
o . water and an orifice corresponding to rwice ‘the- Humboldr -
: ~max:mum":fcdnpie,ae:ide‘n’l., ~Incompiete. condensation wag
" observed only i run 30 with the vent. initially 3 ft above the .
Crenwater, The observed suppréssion ehamber Pressure rose after
e the water 'was expeifed from the ‘teactor vessel and reached a -
: ovalue of 4§ PR higher than' predicied for complste condensas
TR o e qu:‘cornﬁjfe”(é,:ondens‘aﬁo‘ﬂ,xb: Jet momenturn must be
S { ' and pool water into intimate

+sutficient o brng the steam
éﬁom;c‘:..;» S I :
" The “pool w3ter “ean: be . hot and cin €Xpericnice

o lemperature rise and sull condense ‘the steam efettively, - The

‘condensation,:

. pesiey CONSIDERATIONS

flow fates, jet

Ruprure Flaw Rate

. Fot-Humiboldt, the mazimum was s

>,»ynli§=ly in- 2 earefully ‘designed and built prima
systemodide Humbalde, . :

- The effece of rupture size on maximum dry well pressure is
- illustrated by Fig, 1y, For ‘very large Tuptures. venting ‘would'
Sohenelictive dnd the PrEssULe represents the pressure-of the diy
848 pture sizes in the muiddle of the .
fe depends on. fupture Hlow ‘fate and the g
Seatin

ool 3% 2 closed vace] . For ru
AUV Aoy well Bressire de

- flow revistance in 1y e

o lafee sent aeeay), 1he intiial pressure Buil
S IR vents may. Predominate, 3nd the pressur

il dim indide the vent

e submierye

cu L Condensstion was rapid and compiere in sl tests where the . i
S 'fvenl"pipeg\,sﬁa_‘s‘.,_initialty, submierged regardless of flow rate, added  Maximum
L URIE submergence. and ' pool temperature. - This eenclusion - js presuisre F=—r—re
( o based: o comparison  between measured and: qlculated S OVWSL T
N maxihum Suppression chamber: pressures.: The aleulations
(. Mmade use of measured values ‘of initial and final temperatures.
olumes, 3sumed complete condensation, postulaied com. .
- plete transfer of 3it from the dry well. and neglected thinor
. erlects of heat transfer and relative humidity. _A# the measured
'l,.’fand,vcau:ul:fei;,.p_re’ssur’esga;reg"weli within the limits of the daa, -
_sleam must have been ‘condensed . effectively.’ The design’ .
" pressure: for 1he'H,ur‘i_1boidt‘j‘;su‘ppreuiog chamber is. 10 psig: but

- duces a significant marginin the Humboldt dry weil d
o pressure, At the tim:‘Humqudi,w;’x'd‘csikﬁcd id
“of linsufficient experimental data. |-
following the. assumed maximum credible accidenr. . By M- Dynemic Efecs | L
- parison, ';p‘t:lnle;e“f'cag‘:dc’ns"an,an, was achieved in run 26" when -
: (he’,tml’mffwa!,et'igmﬁtraﬁwu’rw:sfabam‘140'3’4 Inanotherrun
a remp:r;l‘fre,n\‘s:, of . §8°F “did - not -have any eflect on 8

-+ Suppression
" the rupture

3jor considerations  in ‘Pressure suppression design mre
r “,and‘_o:h:r’ dynamic forees. and i L

. 9p the dry well wall to withstand this foree, -
Lo ot e T Other: dynamic - effects “which ' should be
Lo A pressure suppression system s designed lo‘,‘prote:’i'aniun‘
- PIM3LY. System: rUpluces of “any. sizé up. 1o lome maximim, -
.. Faol I utned ‘f0- be 4" complete
-weverance of the larges; Pipe. 3 12in schedule 80 line with an
Brea doof 0705113 A ruplure of :hi‘s;m:gnitudejvould,b: very:

. : ry  cooling ;-

 possible shock waves and missiles. bur for Humboldy these w,

Doy Well Presare -
. The initial dry well pressure build-up. fo clear water from
the vents can be minimized by allowing only a amall amount e

“the ‘vent clearing condition’ need not be the ma
“pressure and. will not_he discussed further. Shortly atter
“rupture, the dry well pressure levely off 3t 3 maximum. - There.

Rg. . For small ruptures lor very o - : XMy ;

Id-ip 16 clear waier from sum.of the prevsure ut the dischirge eny
2y | i3 3 function of the - £
har Water inude the vents, . This depth would equal ¢
gence ot venif dry wel! and chamber Pressures |

ELarg! ruptuces

' | ——
ry «‘,'":l'

arbitrar:

F‘ unjes) i

11
i1

< pitd 90 |

| Fig. 1.The efect of rupcure size on masimum dry wall

1250 psig reactor pressure (w ater density, . of
ealculated Mow is as. follows (gravity canstant,
W= 12CATEIP
=12 X 06l X 07085, 635 % S
= 930w09s0A S
-, The demonstration fests indicated that actual flow rar

-besignificantly- Jess. than ‘the result: of the orifice ‘equation

i
indicated in Table 2. The actual flow rate for the Humbeld
‘design’ condition 'would :be ‘enly aboutS C00 1b/s ‘which. i

1bifthy, the

that actual Row rate-could be Justified ag a design

5# ~amight.
Probably the most -

iquid_ jet.: -For the Humbaldt design
e FmICA (IR

S m2XO0SI X 0705 X 144(] 2500

The biological shield may be used ;,qé.e advanug :

considered * arg

'degqm:'ticd 10 be-of scmndary xmpnn.znc:. v

‘of ‘water-inside the venis. . Thus. the d - well ‘pressure doring

the mazimgm:‘_desigzj ;
Y. atter the

atter, dry well pressuze drops as the-fow talfe‘:,,xfm'm th

flow conditions is ihe
1. the vent pipe (whick
d the vent pipe presstre
v weil pressure 15
tance il

dry well pressure uhd

may

Or may not be




volume of !he dry well does not:ﬂen dry well©

~Vent pipe pressure drop  depends on the amount. of water. .

- eatried into the vents with the steam, - To _be conservative, a7 ]
- desigh should assume thar all ihe water in the mixture from the = 1201

FUPIUTE i3 carried with the steam into the vent pipe.  Conditions

approaching 100°< ‘carry-over were observed on some ‘of the

riction factor -~
neremental equ
= n;gid,e diameter:

g = acceleration due 1o mravity, 322 11fs?

B

p.= mixture density, Ibfgd o e
H = incremental increase in elevation, ¢ L oy BT el
on the right side of equation (3) represents the S K TP Flow aate useg in
. s dhe second term en the || @] A St oengr
) tlcration (F = ma); and the righte - S , R e :
e i3 the drop in elevation head, e ' 3 -“‘“7"”“5’39‘;,;’,-
.In order to solve equation (3), the denisity of the mixiuse for e
' given pressures must be found. The assumptiof that water s
sieam flow a5 a2 homogeneous mixture (equal velocities) gives
good correlation with 1est results.  The density ean be cajeus
lat M stéam. table data for homogéneauy flow making use
_of the energy equation; .~ T TUE

- Ory well pressure (putg) e

copressure P Bl
stagnation  enthaipy -of “the flow

owing’
mikture. “or. enthalpy of - waier

the mixture n the pipe at

: leaving the Primary system . - & method which assumes that steam and water velocities are not
et = IR bl By e . equal. “The lower line shows calculated results assun
Where the flow encounters a Teduction.in ares such ds at 2 water from the rupture fow falls ott in the div il
Pipe junction or entrance. an additional pressure drop oecure only flows in the vents. The dashed liné on
and it 'is;nece';saryf,19;4ev;;luatez~fe'quau‘o‘n 3) without the friction - < the ‘calculatéd. maximurs credible rusture flow
1erm to determine the velocity head chamge, =~ L dashed line renresents maximum credible rupty
A eritical end-of-pipe condition could exist if critical pressure: tests. The results plosted on - this -figure in
1 peater than the Back pressure on the piping (pool pressure). ;:,"fﬁoqu:n‘gnus:&:miqd;i:’;s good and fai
The pressure ag hich. 3 critical condition could exist is Where . pre
S dP = pud orwhere entropy becomes constant, either
{ which can Be evaluated by trial and error-for a given flow..

| MUMIOLDT suPsREssiON CHAMEER DESIGN

ey

“iynl
132.135 -
119,012

; Otr =il Poerngre.
Chumpar p,
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 Shitdewn -
.o ‘enchangers .

{ | 1Okbinminy

2% max.

S

te flow rate, ;
ulated dry well pressure wouyid
dosign preswre. - T

- this is 72 psig for the design fupty
< - ruplufe fAow rate. maximum caleu!
o e dbpsig. just half the

: _ Supprevsion Chamber and Pool :

o The dewign pressure of the chamber

- weight ‘and enerpy “balance

: - condensation, " The mazimu
“Uventing pesiod ‘when ail th

- and: temperatures in the
-7 conservative, it should: be

can be determined by 2
-and . the awumption. of complete -
m pressure occurs at the end of the

e dry well air has been transferred -
chamber ‘are ‘3 mazimum.. To be
assumed that all of ‘the aie initially
d 10 the suppfession chamber during..

- -in the dry well i transtesre
- ‘the venting period. ; il s GE
.2 The comouted weight snd energy balance shown in Table 3
for the Humboldr design _eondition indicates the relitive
“impartance of various parameters -~ Mast of the accident energy
.- comes fram the reactor water and is absorbed in the pool water.
~ - and the Tinal temperatures are felated 1o the initial amount of -
water-in' the pool. < The- prezsure is pringipally determined by
< thie quantity of aif transterred from the dry welj to-thé chamber,
- The design pressure for Humbaldt is 10 psig. L
. After the imital veating -of steam, dry well pressure would
_immediately drop 1o batuncs cha , .
Lo Cin1Re pressure suppression.
. found by additional ‘weight'
- for decax heat ind past-ingid
. g system wou
. eoolat. return 1t to the dry

mber pressure.. The pressure
SYStEm w2 function of time - is

and energy -balances accounting
eat cooling. . The Humboldt posts
Id take water from the chamber, -
dry well, and inject it into. the reactar

' pressure. '\ S
1 external pressure by o
< well, -Subsequent dry
Sowuhgan eontdined fe
2N Eneugh Loy

e the Boitarm

_chimber 10 the dry
| displace excew air
C1s 10 the chamber, In ibour
ed 1o the dry weil 1o floed: up:
Pipe éntrances,  Water wauld then

I.completing the ‘water ¢iréuit. The

“Pipes would suil-be under water, a0

2ell dooding wauld
168 prodg
ar ould be adda
of the vent
he chumbe
if the vent

L dischutgeen

gt

b 4
La
¢

A

“i described,
7 Humboldt ’
- Fig. 13 shows the conta

: ~designed  for 4 pressu
‘. Appropriaté ASM

i ~there is'a large hateh i

For the setial
o Gryiwell s encised
*. . biologieal. shield whic

i

- - hydtosuatie head in the lowe

" -reactor " fuel- load
_Jeakage from the
- Ye3ctor system: rupture actident. .
oo Hold up-oand deday
. by a significant factor
- -ratmosphere during the’

least 959,
~.be -discha

. charge at
.- graund concentra
~ of the or: - 10-
- for halogens and solids compar

e

CATION OF PRESS
i Fellowing™ the ‘satisfaciory resuliy
“Pressure : suppression : containment
Bay. using the design consideration

o The dry. well vessef s abaut 63{t long and |
fe of 72 psig in accordines
1ate ASME Codes. The net volume of éo
_about 12.500 1), -

remavable for refuellin

The top head is

drives, : The detign is.adeq
resulting from the unl

‘pipe connected 1o the
aetual pressure 10 be

uate 1o resist the eslculate
ikely event.of the rupture o
fEALIor vedsel. - As mentioned
‘expected: is about half this
(in- 3 eonerete

h also provid
~Tesist jet forces and missiles. - The d
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