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Abstract , .. -
Havina addressed ~Her the "Behavior of RCS with Steu Generators In 

Condensin& Mod~'. C. Solbria. et . al • • April 10, 1979, the lAG was asked to 
further investiaate the possible effect of non-condensibles under the aode of 
decay heat r~val in which the prt.ary syst~ los~s natural circulation and 
goes into a boilina (in the pressure vessel)/condensina (in the steaa aenerator) 
IDOde. 

su.urz 

•· Based upon a review of the available infonaation and the competing phenoaena 
the follovina is concluded: 

(a) It is possible that a voluaa of evolved non-condensible aases .Iaht 
reach a size wherein it aiaht temporarily effectively seal the t~p of 
the candy cane and li.ait the flow of steaa to the steam generator. 

(b) This condition would not be expected to O'~cur unless the systea lost 
natural circulation and boiled at or near atmospheric pressure with 
the pressuri:er relief valve (and block valve) open for a considerable 
period; i.e., 24- 60 hours or longer dependina on the actual radiolysis 
rate . 

(c) If this condition did occur it should be possible to break this seal 
by raising systes pressure to the range of 10 to 20 atmospheres. This 
pressuri:ation might occur either by; (a) via pressure relief throu,h 
the pressuri:er relief valve which under choked conditions would 
require~200 psia back pressure to vent the steam generated in the 
core, or (b) by closing the pressurizer relief valve if that were 
still possible. In ei ther case, pressuri:ati on should occur via 
steaming in the core and conti~ued evolution of nun-condensibles, 
althouah this aay be a very slow process. 

(d) During steady state operation in a boiling mode, with or without the 
relief valve open, an equil i brium condition would be exp~cted to be 
attained where the aases released by radiolysis during boilina should 
equal those which go back into solution at the condensation surface, 
and/or out the pressuri:er relief valve if it remains open. 

(e) Once the system has stabilized, the heat removal from the primary 
system will either be via the pressurizer relief valve, condensation 
in the steam generator, or a combination of both. Some combination 
which yields a system pressure somewhere between atmospheric and 

w-zoo psia is most likely, although it is likely that steam flow to, 
and condensation in, the steam generator will ulticately predominate. 

An important . pre=ise for these conclusions is that the volume of non1~5 
condensible gases which might be expected to be present even after boiling tJ 
at=ospheric pressure for a considerable period ; i : e . , ~2000 SCF after 12 to 
~4 hours, would be relatively 3mall when the pressure increases to the range 
~00 psia. Under these cor.d i tions the non-condensibles would either become 
co-mingled with the ste~ or i n the worst case, if there vas stratification 
they would be compressed (by the steam acting as a piston) to a much smaller 
volume above the water level in the steam generator. Condensation in the 
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steaa aenerator should in either event be re-established in the steaa 
cenerator. Another iaportant factor .is that lone before stable conditions 
could be achieved, pe~colation of stea./oscillation of water levels should be 
expected. Such percolation should also encourage &ood aixin& of the steaa 

• aDd non-cDndtnsibles, 1f they are not already well •ixed. · .. .· 
Discussloa \ .: .. , 

If natural circulation without boilin& were sa.ehow lost and could not 
be re-established, the staput liquid iD the reactor vessel would evcntually be 
brouaht to _saturatioa &ad bulk bollia& could beaia. Ostensibly the pressurizer 
relief valve would be opened to allow displacetaent of the relatively cold 
pressurizer water out of the priury systeta for sa.e period to be able to ulte 
YOl\.88 provision for the &aerated steaa in the top of the systa. Durin& 
this period of initial bollina non-condensible aases would be atven off by 
radio lysis and would pass with the st.eaa over to the steu &enerator, where the 
st-- would condense and at least initially hydroJen could be&in to buildup. 
If this condition were to allow to continue at low _pressure it is possible that 
hydroaen would build up iD the steaa &enerator and ultiaately over into the 
candy cane. Assuaina no re:.solution in the &enerator, which is very conservative, 
and uxi•• evolution of hydrogen in the core durinc boilin& a volae.o-f,..OSO SCF, 
could build up after a considerable period of boilin& at at.ospheric pressure. 
Conservative estlaates for the tt.e to do this ran&e froa 24 to 60 hours with 
extensive core daaace (See Appendix I). The •easured level of dissolved non­
condensible aases remainin& in the primary systea as of 4/16/79 was--800 SCF*. 
Therefore , boilin& at at.ospheric pressure for 24 to 60 hours could result in 
a volume of non-condenslbles on the order-2000 SCF assumin& no re- solution. 
This voluae of aas built up above the water level in the steaa aenerator and 
into the candy cane could conceivably fona a seal which would block or lim t 
steaa flow to the steaa cenerator. Since aass diffusion of steaD throuch 
hydrocen is quite low (See Appendix 2) one could areue that such a condition 
could prevent reflux boiliq. However, the voluaes of non-condensible aases 
are still relatively low and i f raised to a pressure of 10 to 20 atmospheres would 
represent a partial voluae of cl\.of the primary systea voluae and UO\ of the 
stea.a cenerator voluae on the prillary side. Thus raisin1 the system pressure 
to 10 to 20 at.ospheres by elosina the pressurizer .relief valve and/or block 
valve, or allowina it to achieve a pressure of 175 - 200 psig naturally by 
steaain& thru the pressuri:er relief. if it is completely open, would provide 
a •eans of breaking the postulated seal of non-condensible J&Ses. Once the 
system is pressurized in this fashion the steam should beai n condensin1 in the _ 
secondary heat exchanger, if it wasn't already doina so, on the cold tubes 
and/or at the water surface dependin& on the level of water bei ng maintained 
in the heat exchanaer. 

One potentially important consideration is the effect of non-condensi bles 
in the heat exchanaer on the heat transfer coeefi cients for condensation. 

~~~~0s~~es i ndieate-68 cc/al -sao SCF wi th a. pri111.:1ry system volume ~fbJ )~ L 

_ _ , __ - •. ___ .. ---
-- -.. - '---·-- . ~ 
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~ ~~ N~naal condensation heat transfer .coefficients on the order of 800 BnJ/hr ft.20 F • 
' can be expected without non-condensibles. The effect of non-condensibles is 

,;'
1 fS1 eXJiected to reduce tb;s coefficient by. approxiaately an order of aagni tude 

.reduction. However, even if one conservatively· assuaes a coefficient reduction 
of two orders of aaanitude there is still a.ple heat transfer rate to condense 
all steaa aeoeratecl. .This is true because of the lara• ..aunt of heat transfft' 
area, eveo if only the top S - 10\ of the heat exchanaer tube lenath is 
available for condensation. 

. 
Once the path for condeosation !las been established, a stable equilibriua 

condition should eveatually ~ attained at these pressures where the steaa 
and hydropsa would be evolved iA the core, reeain co-ainaled, and pass to the 
heat exchanaer and partially vent aut the pressurizer if the relief valve 
reaained opeo, and resolution would occur at the saae rates should be 
sufficient to reaove available hydroaeo. With or without the relief valve 
open the systea will stabilize at a pressure above 1 ata and probably below 
~200 psi, an equilibriua which will be determined by the rate of resolution of 
H2/o2 which will equilibrate with the core radiolysis. Appendix 4 analysis 
demonstrates that equilibriwa could be established at or above-2 ata. If 
the relief valve reaains open pressures on this order are aore likely , if 
closed they will be hi&her. In either case it is likely the secondary heat 
exchanger will be the predoainant point of heat removal in the system, as 
opposed to the relief valve oa the pressurher. However, with the relief -
valve open, some makeup would be desirable over the lona-tera. 

The higher pressures proposed to assure no probleas with non-condensibles 
are ·conducive to both high solubility of~ and low radiolysis. It is coincidently 
true that the reflux boiling/condensation thermal hydraulics should also be 
more stable at these pressures since the specific volume differences of 1as 
and liquid are .uch smaller than at atmospheric pressure. 

Recommendations 

The evaluations described are of necessity soeewhat qualitative and 
idealhed. As a consequence it is considered imperative that : 

(a) A scaled test of soae sort be performed as soon as possible to 
confirm the conclusion that a non-condensible 1as seal can be 
broken under varying system conditions. 

(b1 Someone at saw or in the working group should be assi&ned the 
responsibility to perfora 1110re detailed systt::~-tmique analyses for 
THI -II to investi1ate the various boiling modes, and 

(c) Operatin1 procedures should be developed to assure that appropriate 
actions are taken to come to a stable boiling condition at a 
predetermined pressure, with appropriate attention to question 
of non-condensibles ; should natural circulati on be lost. 

·- - ·~---
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APPENDIX 1 

Non..Condensibles Currently in Prul!iz ~Water 
lllater -suple .. uureaent as of 4/16/79 inllicates 61 ec. at STP ·per I& 

of water. rui represents a volWM fraetioa of 61 ec (1 pice) • .061 
. " ' (looo p) 

Total Vol-. of Noa~ondeslbles at SIP Ia prialry syst•:l2000 x . 068 • 
116 sa-aoo sa 

No~-Condensibles Evolution Ourlftc loilinc At A~spherie Pressure 

Uader bollia& conditions Ia the core. with decay heat. radiolysis will result 
in the evolution of both Hz aDd o2• · 

The attached letter, P. w. MuTiott to D. Rockwell, of April 9, 1979, 
indicates u upper bouDd on Hz evolutioa wuld be 73 St:F/hr usina Rea. Guide 
assUIIptions and a core thenu.l power of S •· Adjustina this to the current 
3M level yields 43. 8 SCP/hr at at80spheric pressure . 

43. 8 SCF x 24 brs • 1051 SCF H2 
With o2 this would become 1576 SCF. 

1.7 

Total if all currently dissolved 1ases ca.e out of solution • 1576 • 816 • 
2392 · 2400 SCF. This is very conservative . More realistic rates on ·the order 
or 300 to 600 SCF/uy are 110re likely, particularly as the steaa/hyclroaen pressure 
above the core increases. At .ore realistic rates it could take 2 to 5 days 
to achieve levels as hiJh as-2coo· SCF with no resolution and ca.plete release 
of all currently dissolved aases • 
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APPelDIX 2 

Diffusion of Ste.. Th%ouah Ha Gas 

J • • AD ~X " ii -., ' .· .. · 
A • 36 1a.2 .,.1 ;_2 ·o ~ 1 ,5!! J'~Of-1011 

- sec 
J • - to' ~.1 ca2 0 • 1.0 • + 10 cal X 1 ft3 • 10 ft3 

--- • Iooo c. SiC (lo.z.t ca)3 r.n x to3 SiC 

J ~ 0.36 x to-2ft3Jsec 

Need for steaa 1£tllleratlcm rate · 

.0723 X tol ft3 
sec: 

.-

~ at 1 a~ • 72.3 ft3/sec: 

This says straiaht diffusion throup a hydrOJen slue is not practical at -
1 ata. H)"droaen will tend to pile up 110re and 80re if the aechanisa relied 
totally on aass diffusion throueh a slue of eas in the pipe . 

· If ps is C08pressed into secondary ~ due t~ increased pressure to a 
depth of-/hr. and Acrossection • 25.2 ft -2.3 a 

J • - lo4 X 2.3 X 1 c:a2 • 0 -1.0 1 • 2.3 X 102 • .1310- l ft3/sec 
sec Ioo (3o.24)l 2.77 x 103 

Sti ll is to lov for diffusion throuela the H2 • Hoveve-r, by the time the 
steam reached the top of the Hx it vould beein to condense on the tube~ and run 
down throu&h the hydroaen pluJ. 

'· 



APPENDIX 3 · · 

Flowrate Throuah Pressuri%er Relief Valve 

Valve throat UM~l.OS 1a2 ·· 
. ~ . t · :· . .· 

Critical Isentro;lcPliw tlli-ouah a Houle 
.. 2 .: 

G-53 lb/hr ia psi at . l am 
G'""52 lb/br la2 psi at· IS atll 

hi • 1150 ITU/lb 
ba • 1200 ITU/lb 

a • (~) (3.413 X 106 ITU/aw hr) 
st.._ 133.6 iTU/16 

• 12.21 x 103 lb/hr at 15 ata .. 
• 
• steu 

p • 
psi 

3 . . 3 
• 12.21 (133.6) x 10 • 10.55 x 10 1b/hr at 1 ata 

970.3 

10.55 x tol 1b/hr 
I.os tn2 

1 • 193.2 psi 
52 lb/hi' in2 psi 

12.2! x 1ol 1 • 220.6 psi 
I.os -n-

. This says that to vent throu1h the relief valve on the pressurber will require 
about 200 psi back-pressure. In other words the systn will tend to pressurhe 
it self vhen ventina throu&h the pressuri:er relief valve • 

.. . 
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APPENDIX • 

o. c. Dit80re - IndustrY 
Advisory· .. 
Group 

Froa: P. W. Marriott 
L. Nesbitt 
M. Stealer 

Subject : Hydroaen Solubilt~ !Yaluations 

'nil- Cas a.awatJMu• tiasf• 

.· , 1 at.sphere pressure 
t70.3 11V 

1D 

• Steu Genention Rate of Saturation Conditioas • 10.2 z 106 • 1.05 z 104 lb 
§76.3 Jar 

Solubility of Hz at 1 ata, 21ZOF • 1.6t z 10-6 lb Ha f 1 ~ 
lb water ata 

~ote that the solubility is proportional to the nuaber of •~spheres of 
pressure. Hieber pressure t.prove the solubility). 

Solubility in the available in condensina ste .. is: 

a 319 x 10-2 ftl/hr at STP ~3 ftl/hr H2 solubility in the condensina 
steam. 

• 'This lillits the uount of ~ which can be tnnsferred. (If the rate of 
evol~tlon of tt, by radiolysis in the core durin& boilinc exceeds this rate then 
H2 will build Up in the systea in the secondary steaa cenerator.) 

. 
As an alternate case, if you asSUIDe 1200F instead of 21~F, the result is 

approximately the sa.e. 

Solubility of H2 at 1200P • 1.48 x lo-6 lb 
:n; ata 

.·.Solubility Rate in Available Condensing Steaa is, 

• 3.19 (1.48 x to-6) • 2.a ftl/h~ 
1.69 X 10·6 

Ncnt, if you look u the cue of lS atltOspheres total pressure t!'::3920F, 

H2 Solubility • 3.36 X 10·6 lb 
Ibatm 

• 

-
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APPENDIX 4 (Cont.) 

lf you then take into accO\:nt the 15 ata pressure, the H2 transport into 
the condensina steaa would be • 

. · 

of: 

• 
(1.05 X lo4 lb steaa) (:70. 3) (3.36 X 10·6 lb ) (.ole) (359 ftl at STP) (15 ata) 

hi' 33.6 lb at• 2 lb aole 

. 
• ttoa7.6 x to-2 • 11~.t ft3/hr 

As an alternate ~·· if 7'0U look at 12o0F the result is: 

(110.9) (1.12) • 48.1 ftl/br (STP) 
3 • 

. . The actual solubility duriDI condensatiOQ probably falls in the ranees 

2.1 -3 ft3/hr at 1 ata, and 
48.8 -110.9 ft3/hr at 15 ata 

. 8\rt, what really helps at the hi&her pressure is that the radio lysis should 
be suppressed because of the dissolved H.,. • 15 ata would probably wort, (since 
very conservative est~tes indicate H2 tvolu!ion due to radiolysis when boilinl 
at 1 atll in the postulated core condit1on foT 1MI - II is no ,reater than 
43.8 SCF/hr•. In fact soee pressure below 15 atll but above 1 ata would probably 
have sufficient solubility rates co-,pared to radiolysis evolution rates for H2. ) 

quick Look At O!y&en Solubility 

· at 212°F o2 Solubility • 25.2 x to-6 lb 
":"lr-b.-a""!'ta-

-
' 

02 Transport (To Condensina Steaa) • (25 . 2 x 106)(1.05 x 104)(1 ~)(359 ftl STP~ 
'J2'I'b ao le ,_ 

• 296.8 x 10-2 ... 3 ft3/hr at STP and 1 atm 

at 392°F o2 Solubility • 45.1 x to-& lb 
~lbr-...... "':"ta~ 

o2 Transport •. (45.1 x lo-6)(1.05 x to4)(970.3) (...l_) (359) 
8l3.6 32 

• 9242 x 1o·2 .... 92 ftl/hr 

02 numbers are.·. quite similar to ' H2 numbers on a volumetric basis. 

\65 )50 

~: All transports are based on either 1 atm or 15 atm available cas pressure. 

0., Jeneration rate should be-l/2 H2 and• 1/2 (43.8 ft3/hr) -"'21.9 ft3/hr at 
die most at 1 ·atm. So &Jain at 1 atm y~u •can • t remove all generated gas, but 
at IS ata.considering the decrease expected in radiolysis you should be able 
to reiiOYe all evolved H and o.,. based on full equilibrium being reached in 
H20 for each gas. (In fact suFficient solubility rates compared to radiolysis 
evolution rates for 021 

*Appendix I 
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APPENDIX 4 (Cont.) 

Let•s .assuae that 2 ppa by wei~ht of "2 • suffieient to suppress radiolysis 

• . . 

2 x to-6 
. 
~ 

Assuu ~2 qta total Fessure 
tsat • 2520~ 1111 • ~. 2 

r 

Steaa late at 3 • • (1.05 . X Jo4 ~ (:a:~) 

2 X 10-6 lb Hl 
lb 820 

• 1.08 X 104 Jb 
Iii 

• 3877 x 1o-l rt3/br 
condensed steam. 

H
2 

required to be tra.'lsported to uintain 2 PJII is 

H2 solubility at 2S20f and 2 ata total pressure • 1.91 x 10-6 lb 
~lbr-.-a-tll-

• 

Mas's Transport · 
into Condensinc-(10.8 X 103 lb)(l.91 X 10·6 lb )(2 atD)(359 ~rb)•740S X 10-3•7.4 ftl 
Steam 1ir ID."ita 1ir 

at 2 ~ ~ and 2 ·~ta the rate of resolution possible durin1 condensation 
is "7 than t!e rate of evolution due to radiolysis. 

Conclusions 

• Mass transfer calculations yielded -255 ft3/hr eapable of being transferred 
if H2o fila reaches equi!ibriua saturation valve. But at 2 p~ concentration 
you only need about 4 ft /hr. . 

System will probably seek a higher liquid level than the level assumed 
in mass transfer calculation ofw-25'. 

-- -
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