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A major problem in space flight has been leakage of fluids and gases and is particularly serious at 
launching. Comparatively small leaks of propellant and/or oxidizer can cause disasterous explosions. 
The emphasis on the initial studies reported in this article has been the development of an improved 
method for leak detection during factory test and checkout prior to launching and space flight. However, 
the long-range objective of a versatile leak detection system that could be used in space, during launch- 
ing, as well as during static testing, was kept in view. A leak detection technique was developed based 

on the use of Kr65 as a radiotracer. This technique is described and is believed to be more versatile 
than any other. Krypton has sufficient solubility to be. used as a tracer in all liquids tested, except hy- 
drogen. Leakage rates can be determined with greater precision in the order of 0.005 SCIM (Standard 

Cubic Inches per Minute) than by any other methods. Because of safety and ease of use, radiokrypton 
shows great promise for many applications. 

1. METHODS OF LEAK DETECTION 

Since early in 1962, research work has been 
in progress at the University of Michigan on the 
applicability of radiotracers to the problem of 
leak detection in space vehicles. The work has 
been carried out with the support of the National 
Aeronautics and Space Administration, and is 
aimed specifically at the Saturn system shown 
in fig. 1. Saturn stages 1 and 2 will be the POW- 

erful boosters that launch the Apollo vehicle 
planned for the first U.S. manned space-vehicle 
flight to the moon. 

One look at the business end of a complex 
space vehicle, such as the Saturn with its eight 
engines, immediately gives one a feeling for the 
immensity of the task of leak testing such a sys- 
tem. The complex piping and connections in- 
volved in the fuel, oxidizer, and various hydrau- 
lic systems must be tested and repaired by men 
while standing on scaffolding several stories 
high and while crawling through the interior of 
the vehicle. Fig. 2 shows engineers and techni- 
cians working on the fifth Saturn vehicle (SA-5) 
booster in the Marshall Space Flight Center’s 
Manufacturing Engineering Division. Saturn SA-5 
is the first of the Saturn I Block B configuration. 
This view shows six of the 1.5 million pound 
thrust booster’s eight engines (NASA-Marshall 
photo 2-2140-l). Most of the more common 

methods of leak testing have not been found 
practical. At the present time, the methods most 
used in the leak testing of the Saturn vehicle at 
the George C. Marshall Space Flight Center in 
Huntsville, Alabama, are the following: 
(1) Audio detection using the human ear. 
(2) Application of liquid solution to a joint and 

visual observation of bubble formation. 
(3) Use of halogen leak detectors. 

In all of these methods the system under test 

is pressurized, This is the preferred condition 
for testing since it tends to duplicate the normal 
operating conditions. The first two methods are 
applicable only to relatively large leaks and rely 
too much on human patience and judgment. The 
third method listed relies on the increase in 
positive ion emission from a heated platinum 
surface in the presence of halides. The system 
to be tested is pressurized with a mixture of air 
and halogen gas such as freon-12. Joints and 
connections are examined for leakage by holding 

, 

a probe in their vicinity which sucks in air and 
passes it over a platinum filament operated at 
about 1600°F. The presence of a sufficiently high 
Concentration of halogen gas then produces a 
visible or audible signal. Leaks of the order of 
3.66 x LOS4 SCIM (Standard Cubic Inches per 
Minute) (10_4cc/sec or 0.05 in.3/day) can be de- 
tected under practical test conditions using corn-- 
mercially available halogen detectors. 



LARGE SCALE USE OF RADIOACTIVE KRYPTON-85 493 

~:~..~ 
;~CECRAFT 

HIRO 
;TAGE 

-£ T =+ 
22.5 FT DIA 2 

ECOND 
TAGE 

OOSTER 
3 FT DIA 

Saturn Advamcod Saturn 
Fig. la. Scale sketches of Saturn Apollo and advanced Saturn space vehicles.  

Fig. lb. Exploded view of Saturn space vehicle. 



494 L.E. BROWNELL et al. 

Fig. 2. Saturn SA-5 in Marshall Space Flight Center's Manufacturing and Engineering 
Division, Huntsville, Alabama (NASA-photo 2-2140-1). 

Although the sensi t iv i ty  of this method is suf-  
f icient ,  it has a number  of se r ious  d i sadvan-  
tages.  The method cannot be used when the vehi-  
cle is fueled, or  even when there  is  any pos s i -  
bi l i ty  of the p re sence  of explosive vapors.  To 
achieve the sens i t iv i ty  mentioned above, the sys -  
tem under  tes t  mus t  contain f reon as much as 
10% or more  by volume. At these high concen-  
t ra t ions ,  being cons iderably  heavier  than a i r ,  
f reon tends to accumulate  at low spots and may 
give false i n s t rumen t  read ings  long after  the 
leak has been repa i red .  F u r t h e r m o r e ,  the f reon 
diffuses quite slowly into long pipes.  

2. RADIOTRACERS FOR LEAK DETECTION 

The applicability of radiotracers to this prob- 
lem has been investigated. The long-term goal 
was to supplement present methods of leak de- 
tection where they are inadequate, and perhaps 

more  impor tant ,  to make leak detect ion poss ib le  
when the vehicle is  fueled or in flight. The la t ter  
applicat ions would r equ i re  the incorpora t ion  of 
r a d i o t r a c e r s  into the propel lants  and var ious  hy-  
draul ic  fluids used in the system.  

The ini t ia l  phase of the work cen te red  on the 
se lect ion of a sui table t r a c e r ,  and the d e t e r m i -  
nat ion of the sens i t iv i ty  of the method using va-  
r ious  t r a c e r  concent ra t ions  and s imple  radia t ion 
detect ion ins t rumenta t ion .  Work concerned  with 
the solubil i ty and behavior  of the t r a c e r  in the 
var ious  l iquids of in te res t  followed. 

The r e q u i r e m e n t s  cons idered  led to the se -  
lect ion of Kr85 as the most  ve r sa t i l e  and useful  
t r a c e r  mate r ia l .  Kr 85 is  one of the few f i ss ion  
products  with a half- l i fe  over 10 yea r s  and is  
readi ly  avai lable  in large quant i t ies .  Being a 
noble gas and pr inc ipa l ly  a be ta -pa r t i c l e  emi t t e r  
(99.6%), i ts  maximum pe r mi s s i b l e  concent ra t ion  
(MPC) in air  f rom the point of view of health 
physics  is  one of the highest.  The be ta -pa r t i c l e  
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radia t ion  emi t ted  by Kr85 has a max imum e n e r -  
gy of 0.69 MeV and is  at tenuated by a i r ,  at n o r -  
mal  t e m p e r a t u r e  and p r e s s u r e ,  with a ha l f -va lue  
th ickness  of about 20 cm. This  means  that the 
magnitude of the beta  flux at a point is indicat ive 
of the t r a c e r  concent ra t ion  in the near  vicini ty.  
Kr 85 is r e l a t i ve ly  easy  to detect  in low concen-  
t ra t ions .  A thin wal led (30 m g / c m  2) Ge iger  tube 
of the type commonly  used with por table  su rvey  
m e t e r s  (such as the Vic to reen  1B85 or  the Anton 
112 with an approx imate ly  2 cm d i a m e t e r  by 
7 cm long sens i t ive  volume) will  give a count 
ra te  of the o rde r  of 500 counts pe r  minute in an 
e f fec t ive ly  infinite homogeneous cloud with a 
concent ra t ion  of 10-5 ~C/cc. A sphere  of 1 m 
rad ius  appears  for  al l  p r ac t i ca l  pu rposes  as an 
infinite cloud to a de tec to r  placed at i ts  cen te r .  

The 0.52 MeV gamma  photon emi t ted  by Kr85 
in about 0.35% of the decays  p r e s e n t s  a back-  
ground p rob lem when cu r i e  amounts  and g r e a t e r  
of this  t r a c e r  a r e  used. The gamma  dose ra te  at 
1 m e t e r  f r o m  1 cu r i e  of unshielded Kr85 is ap-  
p rox ima te ly  1 m R / h r .  This  gamma  field p r o -  
duces in a Ge iger  tube of the type mentioned 
p rev ious ly  of the o rde r  of 3000 counts pe r  min -  
ute,  whe rea s  the inherent  background count ra te  
of this  tube is only about 40 counts pe r  minute.  

3. PROCEDURE FOR USE OF Kr 85 IN LOCAT-  
ING LEAKS DURING STATIC TESTING OF 
SPACE VEHICLES 

After  the por t ion of the v e s s e l  or  l ines  to be 
t es ted  a r e  f i l led  with the N-Kr85 mix tu re ,  s u r -  
veys  for  leaks  can be made with e i the r  G e i g e r -  
Mii l ler  (G-M) tubes or  sol id state de tec to r s .  

The G-M tube and a su rvey  m e t e r  provide  a 
por table  and compact  detect ion sys tem that is  
well  adapted to the detect ion of leaks  in space 
veh ic les .  A por table  G-M tube survey  m e t e r  with 
earphones  may be used so an audio as well  as  
v i sua l  detect ion of leak can be made. Since the 
count r a t e  of a G-M tube is high, a leak can be 
located with this  sy s t em in a ma t t e r  of seconds.  

Fig.  3 shows the count ra te  of a m e t a l l i c -  
walled G-M tube vs. d is tance  f rom a 0.08 i n .3 /  
min leak of 0.4 p C / c c  of Kr85 and one can r e a d -  
i ly see that a leak of th is  magnitude can be lo -  
cated by the G-M tube sys tem at d i s tances  over  
one foot. 

The max imum detect ion dis tance  f r o m  a 0.08 
SCIM (std. in .3 /min)  leak of 0.04 p C / c c  Kr 85 is 
10 in. for  the Vic to reen  1B85 G-M tube. It should 
be noted that with 0.4 ~C/cc Kr85 leak of this  
same magnitude,  see  fig. 3, the max imum d e t e c -  
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Fig. 3. Metal walled G-M tube data. Count rate vs. 
distance from a 0.08 in.3/min leak of 0.4 pC cc of 
Kr 85 (axis of G-M tube perpendicular to leak axis: all 

measurements taken under an exhaust hood). 

t ion dis tance is  about 12 in. This  shows that 
changes in the Kr85 concent ra t ion  do not s t rongly 
affect  the sens i t iv i ty  of the de tec tor .  

The p rocedure  to be used with this type of in-  
s t rument  is  to hold the G-M tube near  the v e s s e l  
of pipe l ines  (within a foot and be t te r  within a 
few inches) and move along the sur face  slowly 
watching the m e t e r  and /o r  l i s tening with the 

Fig. 4. Photograph of solid-state detection apparatus. 
Preamplifier (Solid State Radiations Inc., model 101) 
and power supply for solid-state detectors shown in 
plastic boxes. The large (upper) and small (lower) sur- 
face area silicon surface barrier  detection are Mole- 
chem Inc., Models SSD-A-200-30 and SSD-D-200-40. 
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F i g .  5. S e m i c o n d u c t o r  r a d i a t i o n  d e t e c t o r  d a t a .  Coun t  r a t e  v s .  d i s t a n c e  f r o m  a 0 .08  i n . 3 / m i n  l e a k  of 0 , 4 / ~ C / c c  of 
K r  85 w i t h  2 c m  2 s u r f a c e  a r e a  s o l i d - s t a t e  d e t e c t o r  ( s u r f a c e  of d e t e c t o r  p e r p e n d i c u l a r  to  l e a k  a x i s ;  a l l  m e a s u r e -  

m e n t s  t a k e n  u n d e r  an  e x h a u s t  hood) .  

earphones .  With a leak of 0.08 SCIM of 0.04 pC 
Kr85 the count ra te  will  jump f rom 1200 cpm 
(counts pe r  minute) to 2300 cpm when the G-M 
tube is 10 inches f rom the leak. With such s ig -  
nificant i n c r e a s e s  in count r a t e s  one can eas i ly  
see the ease  with which this  ins t rument  can be 
used to de tec t  leaks.  

Al te rna t ive ly ,  one can make leak su rveys  with 
a solid state de tec to r  and p r eamp l i f i e r  sys tem 
as shown in fig. 4. The p r e a m p l i f i e r  is the thin 
rec tangu la r  box to the r ight  in fig. 4. The solid 
state de tec tor  convenient ly connects  to the end of 
this  probe type p r e a m p l i f i e r  and the comple te  
unit then makes  a handy surveying ins t rument .  
To compare  this  ins t rument  with the G-M tube 
sys tem the count ra te  vs.  d is tance f rom a 0.08 
in .3 /min  leak of 0.4 /~C/cc of Kr 85 is  shown in 
fig. 5. This  pa r t i cu l a r  plot was made with a 
2 cm 2 a r e a  so l id - s t a t e  de tec tor .  It can be seen 
that the sens i t iv i ty  of the so l id - s t a t e  de tec tor  is 
g r e a t e r  than the G-M tube. This  is p r i m a r i l y  due 
to the fact  that the so l id - s t a t e  de tec to r  is  a lmos t  
insens i t ive  to the g a m m a  radia t ion  f rom the 
Kr 85, whereas  the G-M tubes a re  v e r y  sens i t ive  
to gammas .  The p r e s e n c e  of g a m m a s  is  to be 
expected because  of the amount of Kr85 inside 
the v e s s e l  being tes ted.  This  was s imula ted  in 

our expe r imen t s  by conducting our m e a s u r e -  
ments  near  our s torage  tanks of Kr85. 

With a so l id - s t a t e  de tec tor ,  leaks can be de-  
tected f rom dis tance of up to two feet .  Sens i t iv i -  
t i e s  of down to 0.009 SCIM using 0.4 ~C Kr 85 
were  obtained. 

Although the sens i t iv i ty  of the so l id - s t a t e  de -  
t ec to r  is much g r e a t e r  than the G-M tube, i ts  
output, that is  cpm, is low. Thus, when using 
so l id - s t a t e  de t ec to r s  to locate  leaks ,  the de t ec -  
tor  must  be moved much s lower  t h a n  when using 
the G-M tube. 

In e i the r  case ,  the G-M or so l id - s t a t e  de t ec -  
to r s ,  c a r e  should be used when handling the in-  
s t ruments .  Rough use  and j a r r i ng  should be 
avoided as both of these  dev ices  a r e  sens i t ive  
in s t rumen t s  and end shock may cause  m a l -  
function. 

4 .  M E A S U R E M E N T  O F  L E A K A G E  RATES 
WITH RADIOKRYPTON 

Kr85 can be used to make p r e c i s e  m e a s u r e -  
ments  of leakage ra tes .  In this  r ega rd ,  the r a -  
dioisotope technique is super ior  to any other  
technique and should have g rea t  use fu lness  in 
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de t e rmin ing  whether  or  not sma l l  leaks  found in 
space veh ic l e s  dur ing s tat ic  tes t ing  a r e  l e s s  than 
the max imum p e r m i s s i b l e  leakage r a t e s  where  
the spec i f ica t ions  for the joints  under  t e s t  p r o -  
vide for  a l imi ted  leakage.  

The pr inc ip le  of the slope m e a s u r e m e n t  
method with Kr85 is i l lus t r a t ed  in fig. 6. 

F o r  m e a s u r i n g  smal l  flow r a t e s  (leaks), Q is 
known and q is unknown. The component  or  v e s -  
sel  to be tes ted  is f i l led with fluid containing 
Kr 85 concent ra t ion  C 1. Then iner t  fluid at a 
known flow ra te  Q, is  passed  around the v e s s e l  
or component  in a jacket  or  manifold,  as shown 
in fig. 7. The concent ra t ion  in the diluting s t r e a m  
will  then be a d i r ec t  m e a s u r e  of the total  leak 
ra te  q. Note, it can be shown that 

C2 

q = Q ~11 (1) 

and Q and C 1 a re  known and C 2 is  measured .  
The m e a s u r e m e n t  is only l imi ted  by the min i -  

mum concent ra t ion  that the radia t ion  de tec to r  
can m e a s u r e  with s t a t i s t i ca l  s ignif icance above 
the background count ra te .  

An in t e re s t ing  var ia t ion  can be in t roduced to 

COMPOkENT ~ N  
L (I TE3T, T O T A L c I ~  

Fig. 8. Diagram for measurement of leakage rate 
using Kr85 technique and accumulation of leaking fluid. 
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c i r cum ven t  the l imi ta t ion  mentioned above. In- 
s tead of using the once- through  sys tem of fig. 7, 
the manifold surrounding the leak is c losed,  and 
the fluid is c i r cu la t ed  through it and the de tec -  
tor.  Fig.  8 shows this  a r r angemen t .  In this  case  
the leaking fluid is  al lowed to accumula te  ia the 
manifold,  the concent ra t ion  obse rved  by the de-  
t ec to r  will  be inc reas ing  in t ime and will  at any 
t ime  be an indication of the total  leakage up to 
that t ime.  The re la t ionship  is 

t he re fo re  

Clq 
c2 : - V  t ,  

C2 V 
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Fig. 10. Photograph of apparatus for gas flow rate calibration with M. A. Farvar in foreground. 

where  t is  the t ime  and V is  the total  volume of 
the manifold. 

Once ca l ib ra ted  the sys tem is r e m a r k a b l y  
s imple  to use.  F o r  a manifold a p las t ic  envelope 
is  used  and can be sealed around any shape or  
combinat ion of equipment  which is  s m a l l e r  than 
the in terna l  volume of the p las t ic  manifold. Iner t  
gas such as N 2 is  then pumped through and count 
r a t e s  taken. Fo r  example ,  us ing a jacketed G-M 
tube model  10315 by Radiat ion Counter  Labo ra -  
t o r i e s ,  the following ca l ibra t ion  was made,  see 
fig. 9. 

Thus, to de t e rmine  the leak r a t e  one need 
only r ead  Q f rom a flow m e t e r ,  and note the 
count ra te .  Then by s imply  looking at the ca l i -  
bra t ion  c u r v e s  such as fig. 9, the leak ra te  can 
be immedia te ly  found. Using the G-M tube no. 
10315 the leak r a t e s  can eas i ly  be found as low 
as 0.005 SCIM with no difficulty.  Improvement  
of the sens i t iv i ty  of the G-M tube can reduce  this 
amount s t i l l  more .  

Data for  the ca l ib ra t ion  curve  shown in fig. 9 

were  obtained with apparatus  for gas  flow ra te  
m e a s u r e m e n t s  shown in fig. 10. 

5. CONCLUSION 

The radiokrypton t r a c e r  technique has been 
es tab l i shed  as the mos t  sens i t ive  of any t ech -  
nique for  measu r ing  leakage ra t e s .  The m e a s -  
u remen t  of leakage r a t e s  as low as 0.005 SCIM 
have been demons t ra t ed  and are  eas i ly  p e r f o r m e d  
with inexpensive G-M tube apparatus .  Sens i t iv i -  
t ies  of two or m o r e  o r d e r s  of magnitude a re  ob- 
tainable with m o r e  sophis t icated apparatus .  De-  
tec t ion of leaks  f rom leaking components  has 
been demons t ra t ed  at d i s tances  up to 3 ft f rom 
the source  of the leak using so l id - s t a t e  de t ec to r s  
and at dis tance up to 12 in. using th in-wal l  Ge i -  
ge r - tube  de tec to rs .  Since making these  m e a s -  
u r e m e n t s  in 1962 numerous  im provem en t s  have 
been made in the state of the a r t  of so l id - s t a t e  
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detec t ion  equipment  with i m p r o v e m e n t s  in both 
range  and sens i t iv i ty .  

The r e s e a r c h  s tud ies  conducted for  NASA 
con t r ac t  NAS8-2579 have d e m o n s t r a t e d  that  the 
r a d i o t r a c e r  technique is  p robab ly  the mos t  v e r -  
s a t i l e  of a l l  l eak  de tec t ion  techniques  and can be 
of e x t r e m e  use fu lnes s  in the inspec t ion  and a s -  
su rance  of r e l i a b i l i t y  of space  veh ic l e s  and 
space  vehic le  components .  Vapor - l i qu id  equ i l ib -  
r i u m  m e a s u r e m e n t s  have shown that  krypton is  
inf in i te ly  soluble  in l iquid oxygen and e x t r e m e l y  
soluble  in hyd roca rbon  fue ls  and f luids .  A g e n e r -  
a l  c o r r e l a t i o n  for  p r ed i c t i on  of the so lub i l i ty  of 
krypton  in o ther  l iquids  has  been demons t r a t ed .  
Only one l iquid,  hydrogen,  has  been found of 
many t e s t ed  which does  not have suff ic ient  so lu -  
b i l i ty  for  krypton to p e r m i t  r ad iok ryp ton  be ing  
used  for  l eak  de tec t ion  pu rposes .  The l iquid 
hydrogen c r y o s t a t  used  in the k ryp ton - l iqu id  
hydrogen s tud ies  might  be used  to exp lore  the 

use  of t r i t i u m ,  H3, a s  a r a d i o t r a c e r  for  loca t ing  
l iquid hydrogen  l eaks .  A comment  i s  made he re  
for  those  who a r e  not expe r i enced  in the extent  
of haza rd  in working  with va r i ous  r a d i o i s o t o p e s  
and to point  out the safe ty  of t e s t ing  with r a d i o -  
krypton.  

F r o m  the cons ide ra t i on  of safe ty ,  r a d i o k r y p -  
ton t r a c e r  used  in l eak  de tec t ion  i s  much sa fe r  
than such common i t e m s  as  gaso l ine ,  exhaust  
g a s e s  f rom engines ,  h igh-vol tage  c i r c u i t s ,  d r y -  
c lean ing  f lu ids  such as  ca rbon  t e t r a c h l o r i d e  and 
such common m i s s i l e  i t e m s  as  LOX, l iquid oxy-  
gen. Radiokrypton  shows p r o m i s e  for  ex tens ive  
use  without producing  an in jury  to the opera t ing  
pe r sonne l .  However ,  because  Kr85 i s  an a r t i f i -  
c ia l  r ad io i so tope  it f a l l s  under  the con t ro l s  e s -  
t ab l i shed  by the U.S. Atomic  Energy  C o m m i s s i o n  
and in the U.S.A. mus t  be handled accord ing  to 
the e s t a b l i s h e d  r egu la t ions  of th is  Commiss ion .  
More  ex tens ive  use  of th is  v e r s a t i l e  tool  is  an t i -  
c ipated.  


