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[57] ABSTRACT 

This invention deals with a novel method for measur-
ing the tritium concentration in a high-temperature 
environment such as liquid metal. An enclosed, thin-
wall metal membrane is connected to a sweep gas 
source containing hydrogen in an inert carrier gas, the 
membrane being formed from a metal substantially 
inert to the high-temperature environment and 
through which elemental hydrogen and tritium will 
diffuse. The outer surface of the metal membrane is 
then contacted with the high-temperature environ-
ment, and the interior surface of the membrane is con-
tacted and swept by the sweep gas, whereby tritium 
atoms diffusing through the walls of the membrane 
react with the hydrogen in the sweep gas at the inter-
ior surface of the membrane to form gaseous hydro-
gen tritium molecules which are immediately swept 
away from the membrane's interior surface. The 
sweep gas containing the gaseous hydrogen-tritium 
molecules is continuously removed from the enclosed 
membrane and measured for tritium radioactivity, the 
radioactivity measurement being indicative of the tri-
tium concentration in the high-temperature environ-
ment. 

10 Claims, 4 Drawing Figures 
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METHOD OF MEASURING THE TRITIUM so reduced. The inventors, however, have found that 
CONCENTRATION IN A HIGH-TEMPERATURE the opposite occurs, that is that the use of hydrogen in 

ENVIRONMENT the sweep gas within the interior of such a membrane 
enables one to maintain a maximum diffusion of tritium 

CONTRACTUAL ORIGIN OF THE INVENTION 5 t h r o u g h the membrane. This results in a method which 
can precisely determine on a continuing basis even 

The invention described herein was made in the small concentrations of tritium in the sodium coolant 
course of, or under, a contract with the UNITED a nd cover gas of a nuclear reactor. This enables one to 
STATES A T O M I C E N E R G Y COMMISSION. efficiently control tritium levels in the sodium coolant 

BACKGROUND OF THE INVENTION 1 0 as well as to control the resulting releases of tritium to 
„ . . . , • „ . . the environment. This invention relates to the measurement of tritium Therefore, it is one object of the present invention to 

m a high-temperature environment. More specifically, e a m e t h o d o f m e a s u r i n g t h e tritium concentra-
it relates to a method for measuring the tritium concen- f. . . . v . . . . . . . . . . . . . , , , tion m a high-temperature environment. tration m the liquid sodium coolant and cover gas of a 15 „ . ° , . ^ . . . . 
liquid-sodium-cooled nuclear reactor. It is another object of this invention to prov.de a 

The development of liquid-sodium-cooled nuclear m e t h o d f o r continuously monitoring the tritium con-
reactors has generated a great deal of concern regard- centration m the liquid sodium coolant or cover gas of 
ing the type and levels of impurities present in the liq- a hquid-sodmm-cooled nuclear reactor, 
uid sodium coolant. One such area of concern is the tri- 20 Further objects and advantages of the invention will 
tium level in the sodium coolant system. In such a reac- b e apparent from the following detailed description of 
tor, tritium is produced by ternary fission , in the fuel the present method. 
and by neutron activation of boron in the tetraboron SUMMARY OF THE IN VENTION 
carbide control rods by the reaction 10B (n,2a) T. Tri-
tium, which is so generated, diffuses rapidly through 25 In practicing the present invention, an enclosed, thin-
most metals and alloys, resulting in the transport of tri- wall metal membrane is connected to a sweep gas 
tium throughout the entire reactor system. A large frac- source which contains hydrogen in an inert carrier gas 
tion of the tritium that is generated is released to the such as argon. The membrane is formed from a metal 
primary sodium coolant. The concentration of the tri- which is substantially inert to the environment into 
tium, as well as hydrogen, in the sodium coolant can be 3 0 which it will be inserted as well as from a metal 
kept at a minimum by removing the tritium and hydro- through which elemental hydrogen and tritium will dif-
gen therefrom by cold-trapping. However, in order to fuse, nickel being an example of such a metal. The 
study and monitor "the effectiveness of the cold- membrane is inserted into the high-temperature envi-
trapping, knowledge of the tritium concentration in the ronment so as to contact the outer surface of the en-
sodium Coolant is essential. 3 5 closed membrane with the environment. The sweep gas 

Prior to the present invention, there has been no re- is then introduced into the interior of the membrane so 
ally efficient method of determining the tritium con- that it continually contacts and sweeps the interior sur-
centration in liquid sodium. The most commonly used f a c e of the membrane. Tritium atoms, diffusing 
method is to isolate samples of the sodium, allow the through the walls of the membrane, react with the hy-
excess sodium radioactivity to decay for about 5 days 4 0

 d r 0 g e n i n this gas at the interior surface of the mem-
and then analyze the sample for tritium concentration. b r a n e t o f o r m g a s e o u s hydrogen-tritium molecules. 
This method has proven to be rather cumbersome and T h e g a s e 0 u s hydrogen-tritium is immediately swept 
time-consuming. In addition, it is not as precise or as a w a y f r o m t h e membrane's interior surface by the 
sensitive as desired. Furthermore, it is desirable t o b e s thereby maintaining the tritium concentra-
able to continuously monitor the tritium concentration t j o n a t t h e i n t e r i o r s u r f a c e o f the membrane near zero 
in the liquid sodium, and previous methods have ... . _ . . ... ,.,,. . , . * , „ . so as to obtain a maximum tritium diffusion through the proven to be unable to perform such a function. „ , , ^ . . , . . . , , , . . , „ wall of the membrane. The sweep gas containing the The present invention has been found to be an effec- , , • . . . . 
tive method for continuously determining the tritium gaseou^ hydrogen-tntium is continually removed from 
concentration in the liquid sodium coolant of a nuclear 5 0 t b e e " c l o s e d membrane and directed to an ionization 
reactor. In addition, this method is applicable to tritium chamber wherem the radioactivity of any tritium r e -
determination in the cover gas of such a reactor as well e n t l n * * 8 a s 15 measured. This radioactivity measure-
as to other molten metal and high-temperature envi- m e n t i s indicative of the tritium concentration in the 
ronments. This method is based on the diffusion of tri- 5 5 high-temperature environment into which the mem-
tium and hydrogen atoms through a permeable metal brane. has been inserted. 
membrane such as iron or nickel which is imrriersed in BRIEF DESCRIPTION OF THE DRAWINGS 
the liquid sodium or other high-temperature environ-
ment. Upon diffusion through the membrane, the tri- F I G - 1 i s a s c h e m a t i c drawing illustrating one appli-
tium atoms react with hydrogen present in a sweep gas cation of the present invention. 
within the interior of the membrane to form gaseous FIG. 2 is a sectional view of a probe utilized in prac-
hydrogen-tritium molecules which are then swept out ticing the present invention. 
of the membrane. Previous hereto, it was thought that FIG. 3 is a graph illustrating the effect of various hy-
since the driving force for the diffusion of both tritium drogen concentrations in the sweep gas on the gaseous 
and hydrogen is the same, the use of hydrogen within 6 5 hydrogen-tritium concentration leaving the probe, 
the interior of such a membrane would, in fact, reduce FIG. 4 is a graph showing the changes in response of 
the diffusion of tritium through the membrane since the the present invention to changes in the hydrogen con-
diffusion of hydrogen through the membrane would be centration in the sweep gas. 
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DETAILED DESCRIPTION OF THE INVENTION 
Turning first to FIG. 1, a tubular, thin-walled metal 

probe 10 having an outer surface 11, a closed end 12 
and gas inlet means 14 is connected by way of gas line 5 
16 to a sweep gas source 18; Inserted along gas line 16 
are gas flow control valves 20 and 22 and mass flowme-
ter 24, which measures the rate of gas flow through line 
16. Probe 10 is then inserted into a high-temperature 
environment 25, such as liquid sodium, so as to contact 10 
probe 10's outer surface 11 and closed end 12 with the 
high-temperature environment 25. With control valves 
20 and 22 in an open position, a sweep gas consisting 
of hydrogen in an inert gas such as argon, which is con-
tained within source 18, flows through gas line 16 and 15 
into probe 10 by way of inlet means 14. Tritium, pres-
ent in high-temperature environment 25, diffuses 
through the walls of probe 10 and reacts with the hy-
drogen in the sweep gas to form gaseous hydrogen-
tritium molecules. The sweep gas then sweeps away the 20 
hydrogen-tritium from the interior surface of probe 10, 
through outlet means 26 and into gas line 28. The gas 
in line 28 then proceeds through gas control valve 30 
and into ionization chamber 32 wherein the gas is ion-
ized, the radioactivity of any tritium present in the ion- 25 
ized gas being measured by electronics package 34, For 
purposes of ionizing the gas in chamber 32, methane is 
introduced through control valve 36 into line 28. In ad-
dition, purge line 38 and control valve 40 are utilized 
to purge the ionization chamber with pure sweep gas 30 
from source 18 whenever such purging is necessary. 

The choice of inert gas for use with the hydrogen in 
the sweep gas contained within source 18 can be 
among any of the inert gases known to the art, such as 
nitrogen, argon and helium. It is preferred, however, to 
utilize argon in the present invention. In addition, the 
ionization chamber 32 along with the methane intro-
duced into line 28 is merely one way of measuring the 
tritium radioactivity of the sweep gas. Any conven-
tional means known to the art for measuring tritium 4 0 

radioactivity in the outlet gas from the probe can be 
utilized in the present invention. 

FIG. 2 illustrates one preferred embodiment of the 
enclosed metal membrane utilized in the present inven-
tion. As shown therein, metal probe 10 comprises a 4 5 

thin-wall metal tube 42 having a closed end 44 consist-
ing of a metal plug 46 welded to tube 42. It is tube 42 
which is the membrane contacted by the high-
temperature environment and through which tritium 5 Q 
diffuses. Mounted coaxially within the interior of tube 
42 is a second tube 48 having a diameter smaller than 
that of tube 42. The interior end of tube 48 is spaced 
close to plug 46 while the exterior end of tube 48 ex-
tends beyond the outer end of tube 42 and is adapted 5 5 
to receive gas inlet tube 50 and to seal off the exterior 
end of tube 48 with plug 51. Encasing the portion of 
tube 48 which is enclosed by tube 42 is support sleeve 
52. Sleeve 52 is adapted to slip-fit over the exterior of 
tube 48 and has on its exterior surface helical threads 6 Q 
54 which extend outwardly from the surface of sleeve 
52 to contact the interior surface of tube 42. Tubular-
shaped jacket 56 encases the portion of tube 48 which 
extends outwardly beyond tube 42, there being a space 
58 between the exterior surface of tube 48 and the in- 6 5 
terior surface of jacket 56. Jacket 56 additionally abuts 
the end of tube 42 at junction 57 and extends into the 
interior of tube 42 so as to wedge between the interior 
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surface of tube 42 and the exterior surface of sleeve 52 
to securely position sleeve 52 in place. Jacket 56 is ad-
ditionally adapted so as to receive gas outlet tube 60 
which opens into space 58. In addition, the exterior end 
of sleeve 52 contains slots 62 which enable the passage 
of gas from the space between tube 42 and sleeve 52 
into space 58. 

In operating probe 10, hydrogen-argon gas from the 
gas source enters inlet 50 into the interior of tube 48. 
The gas passes down tube 48 and out of its interior end 
63. The function of helical threads 54 is to create 
grooves 64 which provide a helical pathway along the 
outer surface of sleeve 52 for the gas. As the gas exits 
tube 48 at its interior end 63, it then passes back along 
the length of sleeve 52 through grooves 64 between the 
outer surface of sleeve 52 and the interior surface of 
tube 42. Due to the helical threads 54, the gas passes 
along grooves 64 so as to cause the gas to contact and 
sweep along the interior surface of tube 42. As the gas 
reaches the exterior end of sleeve 52, it passes through 
slots 62 into space 58 and then out of probe 10 by way 
of outlet tube 60. As the gas sweeps the interior surface 
of tube 42, tritium, which diffuses through the wall of 
tube 42, reacts with the hydrogen in the gas to form 
gaseous hydrogen-tritium molecules which are swept 
along with the sweep gas and out of probe 10. 

It should be noted that the probe illustrated in FIG. 
2 is merely one manner of construction. Any probe or 
membrane which will allow the diffusion of tritium 
therethrough and will enable the hydrogen-inert gas 
mixture to contact and sweep the interior surface 
thereof is within the scope of the present invention. 
Therefore, the present invention is not to be limited to 
the probe construction illustrated in FIG. 2. 

As pointed out earlier, it had previously been thought 
that in order to increase the diffusion of tritium from 
the high-temperature environment into the interior of 
a membrane, the concentration of both tritium and hy-
drogen within the membrane should be as low as possi-
ble. The inventors, however, have discovered that the 
opposite in regard to hydrogen will, in fact, give the 
highest tritium diffusion. To better understood this par-
ticular point, one must look at various equilibriums 
which occur between tritium (T), hydrogen (H) and 
hydrogen-tritium (HT). To utilize an example wherein 
the probe is made of nickel and is inserted into a liquid 
sodium environment, the following equilibrium equa-
tions should be considered. 

T(jVa> T(/VI—jva) 
1 

H(jva) HW(_jva) 

2 

2 HTto) T2(0) + H2(ff) 

3 

K, = [HT]2(0>/[T2](0) [H2](o) 
4 

T2(Cr> 2 T(,v,--. ,,) 
5 

Kz = [T]2(a'(_0)/[T2](0) 

6 
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wherein then the amount of hydrogen-tritium formed in the in-
(Na) - represents the concentration in the sodium, terior of the probe is highly dependent on the hydrogen 
(g) - represents the concentration in the sweep gas, concentration in the sodium as well as being dependent 

on the tritium concentration in the sodium. This will be 
(Ni-Na) - represents the concentration in the nickel 5 referred to as the equilibrium mode, since with low hy-

probe membrane on the sodium side of the mem- drogen concentrations in the sweep gas, the tritium and 
brane, hydrogen in the sweep gas and the sodium proceed 

(Ni-g) - represents the concentration in the nickel toward equilibrium. Where the hydrogen concentra-
probe membrane on the sweep gas side of the tion in the sweep gas is greater than 0.1 percent, how-
membrane, 10 ever, the amount of hydrogen-tritium formed in the in-

Ki - is a constant, and terior of the probe is independent of the hydrogen con-
K2 - is a constant. __ _ _ _ _ ceritration in the sodium and is directly proportional to 

From equations (3) and (4), it can be seen that if the the amount of tritium in the sodium. This is referred to 
hydrogen in the sweep gas is increased considerably, as the dynamic mode. Furthermore, the amount of hy-
then in order to maintain the constant K,, the amount 15 drogen-tritium formed in the probe increases slightly as 
of tritium gas in the sweep gas will be decreased consid- the concentration of the hydrogen in the sweep gas in-
erably to the point where there is very little, if any, tri- creases from 0.1 percent to about 10 percent, whereaf-
tium gas present therein. Therefore, almost all of the ter further increases in the hydrogen concentration in 
tritium present in the sweep gas will be in the form of the sweep gas make very little difference in the amount 
HT. From equations (5) and (6), it can be seen that 2 0 of hydrogen-tritium formed in the interior of the probe 
since the T2 concentration in the sweep gas is near zero, for any one particular concentration of tritium in the 
the tritium concentration in the nickel oh the gas side sodium. Therefore, the concentration of hydrogen in 
of the membrane will also be near zero. In addition, the sweep gas should be at least 0.1 percent and is pre-
since the tritium concentration in the nickel on the so- ferred to be as high as 10 percent, with greater than 10 
dium side of the membrane is in equilibrium with tri- 2 5 percent being unnecessary to the operation of the pres-
tium in the sodium, equation (1), the tritium concen- ent invention. 
tration in the nickel on the sodium side of the mem- One point that should be noted is that since the pres-
brane will be considerably greater than the near zero ent method can be operated in both the dynamic and 
concentration of the tritium in the nickel on the gas equilibrium modes, as stated above, it is theoretically 
side of the membrane. As a result, a high tritium con- 3 0 possible to obtain the hydrogen as well as tritium con-
centration gradient is achieved within the nickel mem- centration in the sodium. In the dynamic mode, the 
brane from the sodium side to the gas side, creating readout of HT in the sweep gas is proportional to the 
thereby a high diffusion rate of tritium from the sodium tritium in the sodium only, while the readout in the 
to the sweep gas. Furthermore, the rate of diffusion of equilibrium mode is proportional to both hydrogen and 
tritium through the membrane and the concentration 3 5 tritium in the sodium. Therefore, the tritium concentra-
of tritium as HT in the sweep gas is directly propor- tion could be obtained from the dynamic mode, and 
tional at a given sweep gas flow rate to the tritium con- with reference to this, the hydrogen concentration 
centration in the sodium when the sweep gas contains could then be obtained from the equilibrium mode, 
a i high hydrogen concentration. Therefore, equation However, operation of the present method in the equi-
(7) can be applied to any tritium concentration in the librium mode would not be very practical in a reactor 
sodium for high hydrogen-to-tritium ratios in the sweep system, for the hydrogen concentration in the sodium 
gas. coolant of such a reactor would be top low. Therefore, 

— HT r r it is the dynamic mode which is preferred and is the 
R — H I („/l ,n0) more useful, since the concentration of HT in the 

7 4 5 sweep gas leaving the probe is relatively insensitive to 
variations in the hydrogen content of the sodium, 

wherein R is a constant for any given set of operating Another important variable in the proper operation 
conditions. Thus, by measuring the amount of HT of the present invention is the flow rate of the sweep 
formed in the sweep gas, one can obtain the concentra- 5 Q gas to the probe. In order to insure that the rate of dif-
tion of the tritium in the sodium, for the tritium, upon fusion of the tritium through the probe membrane re-
diffusion through the nickel membrane, reacts with the mains dependent only on the tritium concentration in 
hydrogen present in the sweep gas in accordance with the high-temperature environment, the flow rate must 
equation (8). be within a certain range wherein the activity of the tri-

T(OT_„) + Ms H2(0, j i HT(„) 8 55 t ' u m ' n the sodium is inversely proportional to the gas 
flow rate. If the flow rate falls below this particular 

As can be seen from the above, one of the more im- range, the concentration of tritium both inside and out-
portant factors in the operation of the present inven- side of the probe will proceed to equilibrium, resulting 
tion is the concentration of hydrogen in the sweep gas. in the diffusion of the tritium through the probe mem-
FIG. 3 shows the effect of the hydrogen concentration 6 Q brane being dependent on both the concentration of 
in the sweep gas on the hydrogen-tritium concentration the tritium as well as the hydrogen in the sodium, 
in the gas leaving the probe for three different equilib- Therefore, the flow rate must be above this particular 
rium hydrogen pressures in sodium, in atmospheres A minimum rate. Also, if the flow rate becomes too high, 
being 10~4, Bbeing 10 7 and C being 10~10. ThelHtiurh the tritium in the form of hydrogen-tritium within the 
concentration in the sodium is the same for all three 6 5 sweep gas leaving the probe becomes too dilute and 
hydrogen partial pressures. As is seen from FIG. 3, therefore too difficult to accurately measure. There-
when the hydrogen concentration in the sweep gas falls fore, the referred sweep gas flow rate for the invention 
below 0.1 percent for specific operating conditions, disclosed herein is 0.1 to 1.0 milliliters per second. It 
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should further be noted, however, that the acceptable 
range of flow rate will also depend on the size of the 
probe utilized. If the robe size is either too large or too 
small, then the flow rate will become unreasonably 
large or small, resulting in inoperability of the present 
invention. The point of this relationship is that there is 
a probe size range wherein the flow rate becomes prac-
tical and also operates in accordance with the above 
disclosure. 

One other factor which is also important to the 
proper operation of the present invention is the partic-
ular temperature at which the probe is operated. The 
temperature should be sufficiently high to obtain ac-
ceptable tritium diffusion rates through the particular 
probe membrane metal. It has been determined that 
the temperature should be at least 750°F. for a nickel 
probe, and the present invention using a nickel probe 
has been operated up to 1,200°F. with about 1,600°F. 
probably being the maximum operational temperature. 

20 

Regarding the probe material and size, it was previ-
ously stated that the material for the probe membrane, 
through which the tritium diffuses, may be selected 
from any metal which is substantially inert to the envi-
ronment in which the tritium concentration is being de- 25 
termined. It must also allow the diffusion of elemental 
hydrogen and tritium therethrough. While a number of 
materials can function as such depending upon the type 
of environment into which the probe will be inserted, 
it is preferred that the membrane be constructed from 
either iron, nickel or low-carbon steel, with nickel 
being preferred when the present invention is utilized 
to measure the tritium concentration in liquid sodium 
or other molten metals. In addition, two probe sizes, 
the probe being constructed in accordance with FIG. 2, 
were tested. One probe had a nickel membrane of 3.3 
inches in length, 0.375 inch Outer diameter and 0.015 
inch thickness. The other probe membrane was 1.26 
inches long, 0.375 inch outer diameter and 0.015 inch 
in thickness. While these sizes are not to limit the pres-
ent invention, it is preferred that the probe have a 
metal tube through which the tritium will diffuse of 
from 5.0 inches to 1.0 inch in length. 

As can be seen from the above discussion, the con-
centration of the hydrogen in the sweep gas, the flow 
rate of the sweep gas, the temperature of the probe and 
the tritium concentration in the sodium are all interre-
lated. However, if the temperature of the probe is 
maintained at about 750°F. or above, the sweep gas 
flow rate maintained at 0.1 milliliter per second or 
greater, and the hydrogen concentration in the sweep 
gas maintained at 0.1 percent or greater, a direct rela-
tionship between the amount of HT formed in the 
sweep gas and the amount of tritium in the liquid so-
dium results. In addition, a high diffusion rate of tritium 
through the membrane into the probe also results. 
Since the sweep gas flow rate, probe size, hydrogen 
concentration in the sweep gas and the temperature are 
maintained constant, the HT concentration in the 
sweep gas is only a function of the tritium concentra-
tion in the sodium. The results of calculations for the 
larger probe discussed above operating at 750° and 
930°F. (the approximate temperatures of primary and 
secondary sodium in an LMFBR) in the dynamic mode 
are shown in Table I. The results obtained for the 
smaller probe at 900°F. are shown in Table II. The HT 
concentrations are ajso expressed as disintegrations/(-

sec) (milliliters of sweep gas), which is the tritium ra-
dioactivity counted in the ionization chamber. Typical 
tritium concentrations in liquid-metal-cooled nuclear 
reactors, such as the EBR-II, are about 1015 atoms/kg 
Na and 3 X 1013 atoms/kg Na in the primary and secon-
dary sodium, respectively. From Tables I and II it is evi-
dent that at the lower sweep gas flow rates, both probes 
would provide adequate amounts of tritium for count-
ing at these tritium concentrations in the sodium. 

atoms 
/kg Na 

Temp., 

TABLE I 

HT( partial 
Sweep-Gas pressure) 
Flow .Rate, from Probe, 

ml/sec atm 

Tritium 
Disintegration 

Rate, dps/ml of 
Sweep Gas 

9 X 1 0 " 750 

930 

0.1 
0.2 
0.5 
1.0 
0.1 
0.2 
0.5 
1.0 

1.19X10-'° 
6 .04X10-" 
2.44X10~" 
1.22X10-" 
3.83X10-'° 
2.04X10-'° 
8.46X10~" 
4 .28X10-" 

TABLE II 

T.vti 
atoms 
/kg Na 
9 X 10*4 

°F. P ' 
900 

Sweep-Gas 
Flow Rate, 

ml/sec 
0.05 
0.10 
0.20 

HT( partial 
pressure) 
from Probe, 

2.53X10-'° 
1.31X10-10 

0.67X10- '° 

5.75 
2.9 
1.2 
0.6 

18.5 
9.9 
4.1 
2.1 

Tritium 
Disintegration 

Rate, dps/ml of 
Sweep Gas 

12.2 
6.35 
3:24 

30 

35 

40 

45 

50 

55 

60 

65 

As stated above, any method for measuring the radio-
activity of the tritium in the sweep gas can be utilized. 
However, in the examples given above and in the ex-
perimental work described below, an ionization cham-
ber was utilized. In order to gain maximum sensitivity 
in the counting system, the ionization chamber, or 
chambers, were operated in the Geiger-Mueller region 
rather than in the proportional-counting region. Be-
cause of the high voltages (1,350-2,450 V) required in 
this particular counting mode, a quench gas, in this, 
case methane as shown in FIG. 1, was introduced into 
the gas stream from the probe to reduce the large dead 
time of the counter. 

The methane concentration necessary to maintain 
system stability and counting reproducibility is depen-
dent on the applied voltage as well as the level of ex-
pected counting. In preliminary experiments, an exter-
nal source of 228Ra was used to demonstrate changes in 
counting efficiency while setting the electronic vari-
ables. A flowing gas mixture of known tritium concen-
tration was then used to optimize counting conditions. 

Table III presents the results obtained with two ion-
ization chambers of 25 and 240 milliliters nominal vol-
ume for a mixture of tritium and hydrogen in argon. Al-
though these data are limited, they do indicate that the 
counting efficiency is close to the expected value of 
100 percent and that linearity of response is indepen-
dent of a given chamber volume. 

TABLE III 
EFFECT OF COUNTING CHAMBER VOLUME 

ON COUNTING EFFICIENCY 
(Mixture used = —0.5 mC tritium + 40 ppm H2 in 1000 
liters argon.) 

T Bkg. cps cps/ml 
(cps) (cps) (net) (net) 

25-mI counting chamber" 736 4.2 732 29.3 
240-ml counting chamber" 7206 9.3 7197 30.0 
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TABLE IV 

Methane composition — 3.25% 

Applied voltage — 2200 V (25 ml); 2000 V (240 ml) 

Flow rate through ionization chamber — 42.2 ml/min 

Single channel analyzer — integration mode. 

10 

Observed 
Probe count rate Net 
No. (cps) change 

Background 105 — 

After Dose No. i 185 80 
1 After Dose No. 2 260 75 

After Dose No. 3 380 120 
After Dose No. 4 470 90 
Background 45 — 

After Dose No. 1 460 415 
2 After Dose No. 2 1020 560 

After Dose No. 3 3300 2280 
After Dose No. 4 4750 1450 

The effects on counting of changes in hydrogen and 
methane concentrations in the gas stream were tested. 
Hydrogen was of interest because it is present at con-
centrations as high as 10 percent or more in the gas It should be noted that between • doses 2 and 3, a 
stream to the ionization chamber. At potentials below major leak in the gas system for probe No. 2 was found 
2,300 V, no interferences were observed at hydrogen 15 and corrected. The net change on probe No. 2 between 
levels of 1.66 percent. At higher voltages and greater doses 3 and 4, that of 1,450 cps, compares favorably 
hydrogen concentrations, preliminary results indicated w i t h about 1,200 which is one-fourth of the total 
somewhat elevated count rates. Methane concentra- change on probe No. 2. From the observed count rates 
tions of less than about 3 percent produced a sharp in- and the net changes thereof shown in Table IV, it is 
crease in count rate due to a decrease in the quenching 2 0 clearly seen that the present invention is, in fact, an ac-
action of the methane. However, such elevated count curate method for detecting changes in the tritium 
rates due to higher hydrogen concentrations in the concentration as well as measuring the tritium concen-
sweep gas can be adjusted for by calibrating the system tration itself. While the systems in the above experi-
against a standard tritium concentration in the high- ment were not calibrated with the tritium and the so-
temperature environment. dium system to determine how many counts is equiva-

, . ... . . . . . i, . , , lent to what particular concentration of tritium in the In accordance with the teachings above, a nickel ,. .. . . , , . . . . . . . , j . • „ . , sodium, this would be a rather simple determination, probe constructed according to FIG. 2 was inserted „ . .... . .. . . .. . , . . .. . , ,. . , , , , Therefore, when utilizing the present invention, either into a liquid sodium loop and connected to a hydrogen- .. , . . , f . • . , , . . . . . . . .. . . the observed counts can be obtained and then mathe-argon gas source and ionization counter as described in 30 ,, „ , . ., ,. . . . 
1 . l . a ^ 1 A I 4 . ,, , , r . . . matically converted to the corresponding tritium con-FIG. 1. About 2 X 1014 atoms/kg Na of tritium was . .. . .. .. r , , . . . . , . . , , . . , ,. . ; „, centration m the sodium, or preferably the systems maintained m the liquid sodium, and the amount of hy- . . . ... „ ... . , r . . . , J , , . . , . , . , J should be initially calibrated so that the observed drogen in the sweep gas was then varied. FIG. 4 shows . , • .. . , - , . • . -., , „ . . . r b . . . . . counts are shown directly in relation to their corre-the results of this particular experiment. As shown in . . . . . . . . , , . . . . , , • _ . • • . . • spending tritium concentrations. FIG. 4, there were three individual events. The tritium 35 IT<.-v • .u ,, . , , . . , ,. , , . , . , Utilizing the present invention on the primary and/or concentration in the liqu.d sodium resulted ,n a fairly s e c o n d a s o d i u m c o o ] a n t s t e m s o f a i i q u i d . s o d i u m _ 

constant count.rate of about 6,100 counts per minute c o o , e d n u c , e a r r e a c t o t h e t r i t i u m c o n c e n t r a t i o n i n 
with 1 percent hydrogen being present m the sweep s u c h s o d i u m c a n b e a c c u r a t e l y and easily determined, 
gas. In event No 1, the hydrogen content in the sweep a d d i t i o n ! t h e e n t i n v e n t i o n enables the continual 
gas was dropped from 1 percent to 0 percent, and as 40 d e t e r m i n a t i o n o f s u c h t r i t i u m c o n c e n t r a t i o n s s o t h a t 
can be seen from FIG. 4, the count rate drops down t h e t r i t i u m c o n c e n t r a t i o n i n t h e s o d i u m c a n , i n f a c t > b e 
near to zero. In event No. 2, the hydrogen concentra- monitored.and fluctuations of such concentrations be 
tion m the sweep gas was increased to 5 percent and i c k , a n d e a s j , n o t e d T h e e s e n t inVention enables 
as can be seen from FIG. 4 the count rate increased ex- the determination of tritium concentrations as low as 
tensively up to ^26,000 counts per minute and then 45 1 0-7 T h i s r e s u l t s i n a n a c c u r a c y a n d p r ecision 
dropped of f to about 1,800 counts per minute. In event m u c h g r e a t e r t h a n t h e minimum required for such a 
No. 3 the hydrogen content was decreased from 5 per- m e t h o d j f k j s t o b e e f f e c t i v e w h e n u s e d w i t h a s o d i u m . 
cent back to 1 p e r c e n t a g e and as can be seen from C Q o l e d n l i d e a r r e a c t o r T h j s m e t h o d a i s o h a $ t h e a d . 
FIG. 4, the count rate dropped down to approximately y a n t o f s i m p l i c j t a n d d i r e c t measurement of the tri-
what it was m the beginhmg, within experimental error. 50 ^ c o n c e n t r a t i o n w i t h o u t t h e r e quirement of subse-
This shows that the response of the present invention calculations once the system has been initially 
is, in fact, dependent on the hydrogen content in the c a l i b r a t e d . I n a d d i t i o n , this particular method does not 
sweep gas, and that the tritium diffusing through the h a v e t h e d i s a d v a n t a g e of requiring the removal of so-
wall of the Probe is m fact, reacting in. a pred,ctable d i u m f r Q m t h e r e a c t Q r s t e l n j n o r d e r t Q m a k e t r i t i u m 
manner with the hydrogen in the sweep gas. ^ . 55 c o n c e n t r a t i o n m e a s u r e m e n t S ) s u c h p r i o r a r t techniques 

In an experiment to determine the feasibility and op- being rather slow, imprecise and discontinuous, 
erability of the present invention, tritium was intro- While the present invention has been basically de-
duced into a sodium loop in four doses of approxi- scribed in terms of measuring the tritium concentration 
mately 0.7 mCi each. During these injections, two 6Q in a molten metal environment, it can also be utilized 
probes were in operation in accordance with FIGS. 1 to measure the tritium concentration in the cover gas 
and 2 with two ionization chambers. Probe No. 1 is the of a liquid-sodium-cooled nuclear reactor as well as in 
smaller probe described above utilizing a 20-milliliter other high-temperature environments. If, for example, 
ionization chamber. Probe No. 2 is the larger probe de- the cover gas of a reactor is in equilibrium with the so-
scribed above utilizing an 85-milliIiter ionization cham- ^^ dium coolant thereof, the present invention will give 
ber. Tritium decay count rates at the ionization cham- the same results as if it were being utilized in the so-
bers were observed for the two probes and are shown dium coolant, except that it would be measuring the tri-
in Table IV. tium activity in lieu of the tritium concentration. How-
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ever, since HT is also formed in the cover gas, whereas 
it is not formed in liquid sodium, the tritium activity 
and concentration may not be the same in the cover 
gas. Fortunately, the only additional problem involved 
with utilizing the present invention to measure the tri- 5 
tium concentration in a cover gas is that the hydrogen 
concentration in the cover gas may affect the determi-
nation of the tritium concentration due to HT forma-
tion, and this can be easily overcome if the hydrogen 
concentration in the cover gas is also known. 10 

It will be understood that the invention is not to be 
limited to the details given herein but that it may be 
modified within the scope of the appended claims. 

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol- 15 
lows: 

1. A method of measuring the tritium concentration 
in a high-temperature environment comprising con-
necting an enclosed thin-wall metal membrane to a gas 
source comprising hydrogen in an inert carrier gas, said 20 
membrane being formed from a metal substantially 
inert to said environment and through which elemental 
hydrogen and tritium will diffuse; contacting the outer 
surface of said membrane with said environment; con-
tacting and sweeping the interior surface of said mem- 25 
brane with the gas from said gas source whereby tritium 
atoms diffusing through the walls of said membrane 
react with the hydrogen in said gas at the interior sur-
face of said membrane to form gaseous hydrogen-
tritium molecules which are immediately swept away 30 
from said membrane's interior surface, thereby main-
taining the tritium concentration at the interior surface 
of the membrane near zero; removing said gas contain-
ing gaseous hydrogen-tritium from said enclosed mem-
brane; and measuring the radioactivity of the tritium 35 
present in said removed gas, the radioactivity measure-
ment being indicative of the tritium concentration in 
said high-temperature environment. 

2. The method according to claim 1 wherein said en-
vironment • comprises molten metal or high- 40 
temperature gas. 

3. The method according to claim 1 wherein said 
metal membrane is formed from a member selected 
from the group consisting of nickel, iron and low-
carbon steel. 45 

4. The method according to claim 1 wherein said gas 
contains at least 0.1 percent hydrogen. 

5. The method according to claim 1 wherein the flow 
of said gas to said membrane is 0.1 to 1.0 ml/sec. 

6. A method of measuring the tritium concentration 50 
in molten metal comprising connecting a closed end, 
tubular, thin-wall nickel probe to a gas source compris-
ing hydrogen in an inert carrier gas; contacting the 
closed end and outer .surface of said nickel probe with 
said molten metal whereby hydrogen and tritium pres- 55 
ent in said molten metal will diffuse through the wall of 

2 9 9 
1 2 

said probe; introducing the gas from said gas source 
into the interior of said probe to contact and sweep the 
interior surface of the probe with said gas to react the 
hydrogen in said gas with the diffused tritium at the in-
terior surface of said probe to form gaseous hydrogen-
tritium molecules, said gaseous hydrogen-tritium being 
immediately swept away from said probe's interior sur-
face by said gas; removing said gas containing the gase-
ous hydrogen-tritium from said probe; and measuring 
the radioactivity of the tritium present in the removed 
gas, the radioactivity measurement being indicative of 
the tritium concentration in said molten metal. 

7. The method according to claim 6 wherein said gas 
comprises at least 0.1 percent hydrogen in argon, the 
flow rate of said gas is 0.1 to 1.0 ml/sec, and the tem-
perature of said probe is 750° to 1,200°F, 

8. The method according to claim 6 wherein the gas 
from said gas source is introduced into the interior of 
said probe by connecting said gas source to a tube 
mounted coaxially within the interior of said probe, di-
recting said gas through the interior and out the end of 
said tube, and then passing said gas between the exte-
rior surface of said tube and the interior surface of said 
probe in a helical direction so as to contact and sweep 
the interior surface of said probe with said gas. 

9. A method of monitoring the tritium concentration 
in the liquid sodium coolant of a sodium-cooled nu-
clear reactor comprising connecting a closed end, tu-
bular, thin-wall nickel probe to a hydrogen-argon gas 
source; contacting the closed end and outer surface of 
said probe with said liquid-sodium coolant whereby hy-
drogen and tritium present in said coolant diffuse 
through the walls of said probe; continuously introduc-
ing the hydrogen-argon gas into the interior of said 
probe to contact and sweep the interior surface of the 
probe with said gas to react the hydrogen in said gas 
with any diffused tritium at the interior surface of said 
probe to form gaseous hydrogen-tritium molecules, 
said gaseous hydrogen-tritium being immediately swept 
away from the interior surface of said probe by the hy-
drogen-argon gas; continually removing said hydrogen-
argon gas containing gaseous hydrogen-tritium from 
said probe; and measuring the radioactivity of any tri-
tium present in the removed gas, the radioactivity mea-
surement being indicative of the tritium concentration 
in said liquid sodium coolant with fluctuations in said 
radioactivity measurement indicating corresponding 
fluctuations in the sodium coolant's tritium concentra-
tion. 

10. The method according to claim 9 wherein said 
hydrogen-argon gas contains 0.1 to 10 percent hydro-
gen in argon, the flow rate of said gas is 0.1 to 1.0 
ml/sec, and the temperature of said probe is 750° to 
1,200°F. 

* * * * * 
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