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[ 57 ] A B S T R A C T 

A m e t h o d fo r removing radioact ive gases f rom a nu-
c lear r eac to r including the steps of draining coolan t 
f r o m a nuc lear reac tor t o a level just below the cool-
ant inlet and out le t nozzles to form a vapor space and 
then charging the space with an inert gas, c irculat ing 
coo lan t th rough the reac tor to assist the release of ra-
dioact ive gases f r o m the coolant into the vapor space, 
wi thdrawing the radioact ive gases f rom the vapor 
space by a vacuum p u m p which then condenses and 
separa tes water f r om gases carr ied fo rward by the vac-
u u m pump, discharging the water t o a s torage tank 
and supplying the separa ted gases to a gas compressor 
which pumps the gases to gas decay tanks. Af t e r the 
gases in the decay tanks lose their radioact ive charac -
teristics, t he gases may be discharged to the a tmo-
sphere or r e tu rned to the reac tor for f u r t h e r use. 

5 Claims, 1 Drawing Figure 
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METHOD AND APPARATUS FOR REMOVING gases thus released f rom the coolant are withdrawn 
RADIOACTIVE GASES FROM A NUCLEAR f r o m the vapor space and pumped to gas decay vessels 

REACTOR for subsequent reuse or discharged to the atmosphere 
when a safe radioactive level is reached. 

n i w n A r t u c iMi/civT'nrMVT 5 A n object Of the invention therefore is to provide a BACKGROUND O F THE INVENTION „+ , „ . - , system which promptly and efficiently degases reactor 
The invention described herein relates to nuclear re- cooling water by flashing radioactive and other dis-

actors and more particularly to a system for removing solved gases into a vapor space provided in the reactor 
radioactive gases f rom coolant circulated through the and then removing the gases f rom the reactor. 
reactor primary cooling system before the reactor is 10 Another object of the invention is to provide a reac-
opened up for refueling or other purposes. tor coolant degasing system wherein the entire inven-

During operation of a nuclear reactor small amounts tory of radioactive gases remaining in the reactor vessel 
of xenon, krypton and other radioactive gases seep into and connected systems, if released to the containment 
the coolant circulated through the reactor core. These vessel and uniformly distributed therein, would not ex-
gases are not harmful to operating personnel so long as 15 ceed the concentration in air in which personnel safely 
they are contained within the closed coolant system. can work over extended time periods. 
However, as fuel burn-up proceeds to the point where Another object of the invention is to provide a system 
reactor refueling is necessary, or for other reasons which is more efficient than present systems used to re-
which require opening the reactor to the atmosphere, move, retain and process radioactive gases f rom reac-
the gases must be purged f rom the coolant before the 20 tor cooling water. 
reactor head is removed in order to protect operators 
f rom the harmful effects of radiation f rom the radioac- B R I E F DESCRIPTION O F THE DRAWINGS 
tive gases. Unless this is done, the radioactive gases The subject matter which we regard as our invention 
readily escape into the reactor containment area nor- is particularly pointed out and distinctly claimed in the 
mally occupied by workers during reactor refueling and 25 concluding portion of this specification. Our invention 
thus establishes a high radioactive environment which however, both as to organization and method of opera-
is not conducive to safe working conditions. tion, together with further objects and advantages 

In recognition of this need, various methods have thereof, may best be understood by reference to the 
been developed for effecting gas removal f rom the following description taken in connection with the ac-
core. One known method includes circulating the reac- 3 0 companying drawings in which: 
tor coolant through a volume control tank connected The single FIGURE is a schematic view of a system 
to the reactor, and alternately lowering and raising the for removing radioactive gases f rom reactor cooling 
level of coolant in the tank to first permit the radioac- water. 
tive gases to flash out of the coolant into the gas space „ . „ „ „ m • 
in the tank, and subsequently displace the gas to gas 35 DETAILED DESCRIPTION OF THE INVENTION 
decay storage vessels. A similar method includes purg- Referring nOw to the drawing, there is shown a waste 
ing a small stream of hydrogen or other non-radioactive gas system connected to a reactor 10 for removing radi-
gases through the gas space in the volume control tank oactive gases f rom coolant circulated through the reac-
as coolant is circulated therethrough to effect removal tor core. The reactor is of conventional design and as 
of the gases which then are pumped to gas decay ves- 4 0 generally shown includes a vessel 12 having a head 14 
sels. Another method includes partially draining cool- enclosing a reactor core 16. Coolant inlet and outlet 
ant f rom the reactor and admitting air to the gas space nozzles 18 and 20 are used for circulating coolant 
thus formed in the reactor head and then venting the through the reactor. 
gases f rom the reactor through an eductor or aspirator When conditions arise necessitating removal Of the 
to the atmosphere. 4 5 reactor head for refueling or opening the reactor for 

All of the above methods used alone or in combina- any other reason, radioactive gases must be purged 
tion are either slow and inefficient or result in releases f rom the coolant before the reactor is opened to the at-
of radioactive gases to the environment. Methods re- mosphere. According to the present invention, coolant 
quiring long times to effectively purge the reactor of is drained f rom the reactor to a level indicated at 22 
gases result in a cost for radioactive gas removal which which is approximately just below the top of the inlet 
is very high not only f rom the standpoint of labor costs and outlet nozzles. An inert cover gas, such as nitrogen, 
but also because of revenue loss f rom extensive plant argon or helium, for example, is introduced through a 
shutdown. pressure control valve 24 into the vapor space 26 to 

;„ „ „ „ „ « bring the total pressure in the reactor vessel to one at-
BRIEF SUMMARY O F T H E INVENTION 55 a b J u t e Q r g l i g h t l y l e s s ^ f u n c t i o n o f t h e 

Briefly stated, the above disadvantages are elimi- inert gas is to provide a carrier gas with which the radi-
nated by the present invention by providing a system oactive gases can readily be removed by commercially 
which causes radioactive gases to be flashed into a available vacuum pumps operating between the initial 
vapor space f rom coolant which is circulated at a high pressure of about one atmosphere and the final pres-
rate through the reactor vessel. Release of the radioac- sure slightly above the vapor pressure of the circulating 
tive gases and other gases dissolved in the coolant, is water coolant; fur ther to provide a chemically unreac-
based on the concept that gases in the coolant will at- tive atmosphere which will not form a combustible mix-
tempt to achieve equilibrium with the same gases in the ture with hydrogen gas which is also released f rom the 
vapor space in the reactor. Since gas partial pressure in coolant. Although the preferred method includes using 
the vapor space is extremely small and since the solu- an initial pressure of one atmosphere of pressure or 
bility of gases in water is low, prompt and efficicent less, it will be understood that pressures greater than 
flashing of the radioactive gases takes place. These atmospheric may be utilized. 
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4 
The vapor space is charged to the desired pressure 

and residual heat removal pumps which are distinct 
f rom the primary coolant loop circulating pumps, con-
tinue to circulate water coolant through the reactor at 
a high rate, a function which was in operat ion before 5 
reactor draindown. By doing so, all of the coolant is ef-
ficiently exposed to the gas-water interface to there fore 
provide an opportunity for the dissolved radioactive 
and o ther dissolved gases to be released f rom the cool-
ant into the vapor space. Although the coolant contains 10 
numerous radioactive gases, xenon 133 is by far in the 
greatest amoun t with only relatively minor amounts of 
krypton and o ther noble gases. Xenon therefore is the 
important gas to be removed and it is known that 
Xenon in water will flash to nearly 93% of its total 15 
amoun t into the vapor space where the gas-water vol-
umes are in the rat io of 1:1. This ma jo r flashing is prin-
cipally caused by the low solubility of the gases in the 
water. Since the Xenon partial pressures in the water 
and vapor space will try to reach an equilibrium condi- 20 
tion, regardless of total pressure in the vapor space, the 
Xenon will rapidly flash f rom the water as the water is 
circulated through the reactor. 

The residual heat removal pumps cont inue to circu-
late the water coolant at a high rate to the water-vapor 25 
space interface. Vacuum pump 28 is started to with-
draw all gases f r o m the vapor space 26. The water 
vapor in the gas is mainly condensed in a condensor 3 0 
and then separated in a separator 32 . The water is 
drained to a tank while the gases are pumped by a com- 3 0 

pressor 34 through lines 3 6 to decay tanks 38. Since 
tanks 3 8 are sufficiently large to accommoda te all gases 
purged f rom the coolant , the tanks serve as a conve-
nient storage space until the gases lose most of their ra-
dioactive characterist ics through decay. At that t ime, 3 5 

they may be returned to the reactor vessel for subse-
quent refueling, or discharged to the a tmosphere . T h e 
time between refuelings will be ample for the high ac-
tivity isotopes to virtually disappear. 

Additionally, a port ion of gases in tanks 3 8 may be 4 0 

pumped to a hydrogen recombiner 4 0 containing a cat-
alyst (not shown) and an oxygen input to effect combi-
nation of hydrogen which may also have been removed 
f rom the reactor and oxygen to form water which then 
is condensed and discharged as a liquid f r o m the sys- 4 5 

tern- The remaining gases are re turned to gas decay 
tanks 38. 

The evacuat ion of gases f r o m the vapor space 2 6 
continues until the vacuum approaches that permit ted 
by the vapor pressure of water as closely as the vacuum 5 0 

pump characterist ics will permit. The p u m p must be 
suitable for handling a high vapor percentage relative 
to the gases pumped. 

Decontaminat ion of the gas space above the water 
coolant can be approximated by a decontaminat ion 5 5 

factor of the pumpdown which is measured by the ratio 
of the initial to the final partial pressure of the gases: 

(Pt — Pw-) initial 
D l = (Pi - Pw) final 

where: 
Pt — total pressure 
Pw = Partial pressure of water, its vapor pressure and 
Pt — Pw = partial pressure of gas 

After evacuation, the admission of inert gas into the 
vapor space is repeated to again obtain a pressure of 
one a tmosphere or less and evacuation of the released 
gases by the vacuum pump until the vacuum ap-
proaches that permitted by the vapor pressure of water 
as closely as the pump characterist ics will permit . This 
process is cont inued for as many cycles as needed to 
obtain a final total decontaminat ion fac tor as follows: 

initial inventory of gas in reactor vessel 
DF total = :—7~Z—r~ ; required final inventory 

= (D.F.) cycle 1 x (D.F.) cycle 2 X (D.F.) 

Calculations developed in the making of the present 
invention showed that 4 hours of evacuation cycling, 
i.e., two cycles, gives a D.F. of over 2,500, for example. 
Many variations in the parameters chosen for this pro-
cess exist, such as, number of pump down cycles, initial 
cover gas pressure, including pressures above one at-
mosphere , capacity of vacuum pumps and final pump 
down pressure may all be varied to suit the time al-
lowed and the D.F. required for the operat ion. 

In view of the above it will be apparen t that many 
modifications and variations are possible in light of the 
above teachings. It therefore is to be understood that 
within the scope of the appended claims, the invention 
may be practiced other than as specifically described. 

What is claimed is: 
1. A method for removing radioactive and other 

gases f r o m coolant circulated through a closed nuclear 
reactor comprising the steps of reducing the level of 
coolant in said reactor to provide a space bounded by 
the coolant surface at the reduced level and the ex-
posed inside surfaces of the reactor, the space thus 
fo rmed by the reduced level of coolant and the inside 
surfaces of the reactor comprising a vapor space; 

circulating said coolant through the reactor to pro-
vide a turnover of coolant at the interface between 
the coolant surface and the vapor space to thereby 
effect the release of radioactive and other gases 
f rom said coolant into said vapor space; 

charging said vapor space with an inert cover gas at 
a pressure of one a tmosphere or less; 

withdrawing said radioactive gases and all other gases 
released f rom the coolant along with the inert 
cover gas f rom the reactor vapor space. 

2. The method according to claim 1 wherein the 
coolant is drained f rom the reactor to a level just below 
the top of inlet and outlet nozzles connected to the re-
actor. 

3. The method according to claim 1 including the ad-
ditional steps of continuing the circulation of coolant 
through the reactor af ter the vapor space pressure 
therein is reduced to less than one atmosphere because 
of withdrawal of said gases f rom the vapor space; 

recharging the vapor space with inert cover gas to a 
pressure of approximately one atmosphere; 

withdrawing the radioactive and other gases released 
f rom the coolant into the vapor space, condensing 
water vapor covered over with the gases, separat-
ing the water f r o m gases in a separator , discharging 
the water to storage tanks and compressing the 
gases and discharging them to gas decay tanks, in 
order to reach a desired decontaminat ion factor. 
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4. T h e method according to claim 3 wherein the 
gases discharged to said decay tanks are selectively 
supplied f r o m the tanks to the reactor o r discharged to 
the ear th 's a tmosphere. 

5 . The method according to claim 3 wherein the 
compressed gases f rom said separator are discharged to 
a hydrogen recombiner; 

supplying oxygen to said hydrogen recombiner to ef-
fect the product ion of water which is condensed 
and discharged to a tank; and 

discharging the remaining gases, af ter product ion of 
the water, f rom said hydrogen recombiner to gas 
decay tanks. 
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