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ABSTRACT 

This report reviews the development a t  Oak Ridge Nationalmboratory of 

a method for measuring beta ac t iv i ty  i n  the gases from the dissolving of 

reactor f u e l  element8 a t  the Chemical mocessing Plant i n  Idaho. 

This method and apparatus were designed t o  (1) make dilutions of the 

original gas sample and thus allaw a wide range of ac t iv i t i e s  t o  be measured, 

(2) remove the radioactive iodine and count only  radioactive xenon and krypton, 

and (3) count the  sample a t  known dilution, temperature, pressure, volume, 

and geometry. 

The results of in i t ia l  tests have been favorable, and it is  concluded t h a t  

the method is ready f o r  subsequent use i n  Idaho. 
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I* INTRODUCTION 

Construction of the apparatus f o r  counting noble radioactive gases was 

This  phase of the work -in September, 1951, and completed i n  October. 

was done by M. W. Echo, American Cyanamid Coo, under the supervision of W. A .  

Brooksbank, ORML, and Eo J o  Fuller,  of American Cyanamid Coo The calibrating 

and tes t ing was done by Fuller, supervised by Brooksbank. 

The three main sections of the apparatus are  the di lut ion unit, the ab- 

sorption section, and the counting arrangemento The di lut ion buret, a U-tube 

capi l lary manometer, and the  sampling and storage bulbs comprise the di lut ion 

part. A 25-ml buret, another xnanometer, and the absorption pipets comprise 

the absorption section. The counting mechanism consists of a Geiger-Muller 

type WTracerlabn counting tube, mounted i n  a lead chamber and connected t o  a 

scaling and timing mechanism, which measures the beta ac t iv i ty  of the gas in 

the sample counting tube. 

I I o  DEVELOPMENT OF APPARATUS 

A Dilution Apparatus 

The gas i s  diluted so t h a t  t h e  radioactivity of the sample t o  be counted 

w i l l  f a l l  within the most accurate range of the counting mechanism and t o  lower 

the radioactivity leve l  i n  the operatorts working area. Figure 1 is  a schematic 

representation of the apparatus. 

The di lut ion side of the apparatus i s  shown a t  the l e f t  i n  Figure 1, and 

consists of the female socket j o in t  fo r  admitting sample, a nitrogen source 

together with a drying column and N2 reservoir f o r  furnishing diluent, a long 

U-tube manometer fo r  reading pressure differences, and a 1 0 0 - m l  d i lut ion buret 

t o  serve as a volumetric di lut ion chambero 
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, 

The nitrogen for  di lut ing the radioactive gas is dried by being passed 

through a column f i l led wi th  calcium chloride or other water-absorbing chemical. 

This  gives an i n e r t  gas which w i l l  not vary appreciably i n  composition and is  

idea l  for  di lut ion purposes, 

of a large volume of gas in to  the system di rec t ly  from the drying column, The 

sudden pressure change which would r e su l t  might force off the  ground-glass top 

of the w i n g  column if  the bulb were omitted, 

through the  drying agent so rapidly that  it might not be dehydrated, 

Use of the one-liter storage bulb avoids entrance 

Also, the  gas would be forced 

The manometer i s  s l igh t ly  over one meter long and is made of 2-mu I o D o  

pgrex tubing which forms a long, narrow HUH around a meter s t ick ,  

that much greater ease of operation of t h e  apparatus resulted when the manometer 

was provided w i t h  a capil lary bore a t  the bottom t o  l e t  the mercury flow through 

slowly, 

is suddenly evacuated, 

It w a s  found 

This avoids the splashing of mercury up in to  the manifold when the system 

Calibration of the di lut ion buret is unique among buret calibrations i n  

that the bore of the  stopcock is included i n  the buret volume, 

sary because the radioactive gas, a f t e r  being turned in to  the di lut ion buret, 

cannot be evacuated from the stopcock bore when the m n i f i l d  i s  cleared pre- 

paratory t o  the entrance of the nitrogen. 

but would cause a dilution error, because the t o t a l  volume of radioactive gas t o  

be diluted may be only a few times the stopcock volume, 

volume of the buret is constructed of capillary tubing i n  order t o  lengthen 

it t o  20 t o  25 cmp or about a tenth of a m i l l i l i t e r  t o  the inch, 

of the buret is calibrated very accurately, the error being only 20.004 ml over 

the en t i re  milliliter, 

Th i s  i s  neces- 

The volume error involved is  small 

The first mill i l i ter  

The upper pa r t  

Less accuracy i s  required i n  the calibration of the 



remainder of the buret, for  it is t h e  exceedingly small amount of radioactive 

gas a i c h  must be accurately measured, and not the large t o t a l  di lut ion volume. 

A reading on the larger section of the buret may be i n  error by as much a s  20.2 

m l  without appreciably. decreasing the precision of the di lut ion,  

The mercury reservoir on the b o t t m  of the buret i s  used t o  r a i se  and lower 

the mercury volume inside, thus varying pressure and volume, 

vacuum can be applied t o  the manifold without use of the pump, simply by con- 

necting the f u l l  buret t o  the manifold and lowering the mercury reservoir,  

A small degree of 

The type and significance of the various par ts  of the dilution section of 

the apparatus can probably best  be made clear  by reviewing the method of di lut ing 

a f a i r l y  mhotm radioactive gas, 

sample t o  about four thousand papts of nitpogen-diluted sample is needed t o  

bring the sample in to  the best working range of the counter and scaler,  With 

the manifold open t o  the a i r  a t  the dilution end, the buret is opened t o  the 

a i r  and f i l l e d  by raising the leveling bulb. 

(Figure 2) is attached and the manifold evacuated, with both the buret and sample 

storage bulb closed of f ,  

in to  the manifold by opening the stopcock between the sample bulb and the mani- 

fold, 

and subtracted, the difference being i n  turn subtracted from atmospheric pres- 

Suppose t h a t  a di lut ion of one par t  of or iginal  

Then the sample storage bulb 

The vacuum is  then turned off, and the sample turned 

The mercury levels i n  the two sides of the U-tube manometer a re  read 

sure t o  give the true pressure of the gas i n  the manifold. 

opened t o  the manifold, and the mercury leve l  allowed t o  f a l l  u n t i l  i t  reaches 

the O , l m l m r k ,  a t  which point t h e  stopcock a t  the bottom of the buret i s  

closed,and t h e  gas volume is held a t  O , l a n l ,  

L/bOOO, and a volume of 0,l ml can be diluted t o  a t o t a l  of only 100 m l  i n  the 

buret, the radioactive gas i n  the buret must have a volume of 0 , l m l  a t  0,25 aim, 

pressure. 

The buret is then 

Sfnee the gas is  t o  be diluted 

The volume w i l l  be 0,025 m l  a t  atmospheric pressure, so  tha t  when 
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the nitrogen is  added t o  make the volume 100 ml a t  atmospheric pressure, the 

dilution w i l l  be 1/4000, A mercury leveling bulb is attached t o  the bottom of 

the sample storage bulb and raised or lowered until  the  difference i n  manometer 

levels indicates a pressure of 0.25 a b . ,  a t  which point the buret i s  closed 

off from the manifold, and its leveling bulb is  lowered, the stopcock a t  the 

bottom of the buret being open, 

the sample bulb is closed off, the manifold is evacuated, and the vacuum turned 

Nitrogen is turned in to  the manifold as soon as 
c 

off, 

opened again t o  the manifold, and the mercury leve l  fa l ls  quickly as nitrogen 

The nitrogen should be a t  or  near atmospheric pressure, The buret is now 

enters, When the leve l  falls to  abput the 75-ml mark, the nitrogen is turned 

off t o  the l e f t  of the manmeter, 

1OO-ml mark is  reached, a t  which point the stopcock a t  the buret bottom is 

The mercury leve l  is then lowered u n t i l  the 

closed, and nitrogen is again admitted very slowly u n t i l  the mercury levels in 

each side o f  the manometer are the same4 

nitrogen is closed off, and the di lut ion is  completed, 

The buret  i s  closed a t  the top, the 

To insure thorough mixing o f  the gas w i t h  i ts diluent, both are passed 

back and for th  from the  buret t o  the sample storage bulb three or four times. 

The mercury reservoir a t  the l e f t  of the apparatus i s  used t o  force all the gas 

from the sample bulb back in to  the system, The diluted gas may now be counted 

or otherwise handled, and a l l  subsequent steps i n  analyses take place t o  the 

r igh t  of the di lut ion buret (Figure 11, 

B a  Absorption Apparatus 

The dilution section is followed by the absorption section which 

consists of another U-tube manometer, the 25-xnl analysis buret together w i t h  a 

thermometer, water jacket, mercury reservoir, two absorption pipetsC1), and the 

female socket j o in t  which marks the r ight  end of the assembly, Of these the 
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manometer i s  the most used element f o r  it indicates the pressure of the gas i n  

the counting tube attached t o  the socket whether or not any absorption has 

been done, 

The analysis buret i s  calibrated accurately to  0.1m1, f ac i l i t a t i ng  a good 

volume measurement of any sanple gas drawn from the di lut ion buret. Also, 

its mercury leveling bulb can be used t o  regulate the pressure i n  the en t i re  

r igh t  half  of the system, 

pressure i n  the sample counting tube while the dilution buret is closed off. 

The absorption pipets are f i l l e d  w i t h  reagents which remove radioiodide 

T h i s  arrangement makes it possible t o  get  a desired 

from the gas sample, A solution of 50 g of sodium thiosulfate and 506 g of 

potassium hydroxide i n  100 m l  of solution was used i n  the first pipet, and the 

second pipet contained 17 g of s i l ve r  n i t r a t e  dissolved i n  100 m l  of 3 M 

n i t r i c  acid solution, t o  absorb any radioiodine vapor tha t  was not absorbed i n  

the first pipet, 

ing mannero 

buret t o  the analysis buret. 

manifold, manometer, and sample counting tube are evacuated, 

3-way stopcocks on the pipets a re  closed off, and made ready t o  be opened t o  

the pipets from the l e f t  (Figure 1). 

channel, +way stopcock on the analysis buret is opened t o  the pipets, w i t h  

the mercury reservoir near the top of the buret s o  as t o  put the gas under 

pressure, 

The gas enters suddenly, pushing down the check-valve and flowing down the 

small tube a t  the pipet center t o  bubble up through the reagent, When the 

mercury i n  the buret comes t o  the top of the buret, the leveling bulb is lowered, 

and the gas forced back in to  the buret from the pipet, 

- 

Absorption of iodine from a sample of gas is  done i n  the follow- 

mst, about 25-ml of diluted sample is  drawn over from the di lut ion 

Then the two burets a r e  closed off, and the 

The single-channel, 

The vacuum is turned off, and the single- 

The stopcock a t  the l e f t  pipet top is then opened t o  the manifold, 

As soon as most of the 



gas has l e f t  the pipet, and the check-valve is seated again, the leveling bulb 

is  again raised, and the gas again bubbles through the reagent f o r  another 

*pass.# After three or  four passages of the gas through the first pipet, the 

procedure is repeated fo r  the second pipet, 

with reagent t o  exhaust a l l  the sample, and the sample is  turned in to  the sample 

Then the pipets are completely f i l l e d  

counting tube, the pressure s t i l l  being regulated by the leveling bulb and the 

analysis buret, When the manometer reads the desired pressure difference, the 

small stopcock on the sample counting tube is closed, and the manifold evacuated 

of sample, The sample, now practically free of radioiodine, i s  ready t o  count, 

C Sample Counting Tubes 

The sample counting tubes (Figure 3) contain the gas while it is 

counted. 

it is  discarded, 

These tubes a re  the l a s t  containers in to  which the gas i s  put before 

The chamber of a tube is  made of Pyrex tubing ( 1  in ,  O,D,)o so t h a t  it w i l l  

fit easily i n t o  the hole in an aluminum card, which i n  turn f i t s  the shelves 

in the counting mpigr below the G-M tube. A window of mica about 6 mg/cm2 thick 

covers the top of the sample counting tube. Mica of this thickness was chosen 

because it appeared t o  be the Winnest that could be used and s t i l l  be durable 

enough t o  stand up under rapid and repeated evacuations, A thicker window would 

allow fewer beta rays t o  pass and thus decrease the efficiency of counting. 

The window is attached t o  a one-eighth inch flange on the top of the tube with 

a vacuum-stable plast ic .  The flange also serves t o  keep the tube from slipping 

through the hole in the aluminum card, 

for  a socket j o in t  f o r  attaching the  tube t o  the end of the manifold, 

Below the stopcock is  a male f i t t i n g  

The tubes were tes ted  severely f o r  durabi l i ty  and fatigue fai lures .  Twenty 

rapid evacuations and f i l l i n g s  produced no noticeable damage. 

pressure s l igh t ly  above atmospheric will rupture the p las t ic  seal, the tubes 

Since an in te rna l  
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should be operated a t  or  below atmospheric pressure. Failure under these con- 

dit ions canes only after an extended period of use, and then the mica or plast ic  

will crack suddenly, making a sound loud enough t o  be heard easily. Errors from 

slow window leaks are, therefore, not likely. 

Two tubes were calibrated by weighing when evacuated, then f i l l i n g  t h e m  

w i t h  water and reweighing. 

t o  obtain the i r  volumes. 

buret could be used t o  determine the manifold volume. Substitution of new 

tubes fo r  the ones of known volume permitted calibration of t h e  remaining tubes 

with the apparatus by obtaining a ser ies  of pressure-volume readings, Accuracy 

t o  the  first decimal place was obtained i n  this wag f o r  the tube volumes. 

The density of water a t  roan temperature was used 

With two tubes of accurately known volumes, the analysis 

Geametry of the tubes was determined by comparing the counting resu l t s  

with measurements of the undiluted original gas ac t iv i ty  by a calibrated ion 

chamber. 

were corrected for  a i r  and mica absorption, dilution, counting standard and 

background, pressure, and temperature, 

3,5% for  ~$85. 

The resu l t s  from counting a diluted sample i n  a sample counting tube 

The average geometry w a s  determined as 

To avoid the building up of a charge of the inside of the sample counting 

tubes, a th in  coating of graphite was painted on the surface of the top and 

flange section. This  allowed the charge t o  leak off. 

A small manifold (Figure 4) was b u i l t  in a hood i n  which t o  empty t h e  

counted gas frm the sample counting tubes and flush them with a i r .  As many 

as three tubes may be cleaned simultaneously i n  this way. 

nected t o  the socket joints,  and the single-channel, 3-way stopcock a t  the 

vacuum l ine  i s  opened first t o  the vacuum and then to  the a i r  as shown, 

they are al ternately f i l l ed  w i t h  a i r  and evacuated u n t i l  all the  radioactive 

The tubes a re  con- 

Thus 
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gas i s  gone. 

sample counting tubes on the manifold i f  the manifold i s  closed off from both 

a i r  and vacuum. 

will become the same. 

The manometer in  the flushing manifold will show any leak in the 

If a leak i s  present, the mercwy levels i n  the manometer tube 

D. Tests and Experiments 

It was found t h a t  the counting r a t e  of gas i n  a sample counting tube 

would vary with the pressure, A p lo t  of counting r a t e  corrected fo r  volume, 

counting standard, background count, and temperature, against pressure was a 

straight line (Figure 5 ) .  
gave an average value fo r  the counting r a t e  a t  atmospheric pressure which was 

bet ter  than a count of t h e  gas taken a t  atmospheric pressurea 

easier t o  obtain because the f r a g i l i t y  of the window and the plast ic  s ea l  causes 

more damage t o  be done t o  the sample counting tubes by one count a t  atmospheric 

pressure than is caused by a great number of counts taken a t  sub-atmospheric 

pressures . 

This l ine,  extrapolated back t o  atmospheric pressure, 

It was a l so  

Geametry, or  the f ract ion of t o t a l  disintegrations per minute actually 

recorded by the mTracerlabn tube and scaling mechanism, was naturallymuch 

different f o r  the sample counting tubes than f o r  ordinary methods of holding 

radioactive samples. 

the relat ively large volme it occupies (which precludes considering the sample 

as a point source), and the shape of the tube. 

This i s  at t r ibutable  t o  the gaseous s t a t e  of the sample, 

Since ~ 1 2 0 4  can be put i n t o  solution and counted f o r  beta ac t iv i ty  i n  the 

usual manner, and since it has about the same energy as the Kr85 source under 

observation i n  the sample counting tube, it w a s  decided t o  compare the ab- 

sorption curves of the two substances. 

on both the second and third shelves of the counting apparatus, using a wide 

Accordingly, Kr85 and T120L were counted 
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range of thicknesses of aluminum absorbers, 

in each case against the thickness of absorber (figures 6 and 7), 

or the thickness needed t o  reduce the counting r a t e  t o  half i t s  original value, 

was determined f o r  each result ing curve, 

dit ions was  shown f o r  the two sourcesp since the half-thicknesses of Kr8s for  

the second and th i rd  shelves agreed closely w i t h  those f o r  T1 204 , 

The counting ra tes  were plotted 

Half-thickness, 

A good s imilar i ty  i n  counting con- 

It was decided that since the  absorption properties and energies of the  

two radioisotopes were similar, a good estimate of geometry a t  various l e d l s  

i n  the sample counting tube could be made by counting the ~ 1 2 0 4  a t  corresponding 

shelves i n  the  counting "pig,. 

and the observed counting rate a t  that shelf was slightly over one fourth of 

the value a t  the second she l f ,  

tance fram the counting tube as the  bottom of t h e  sample counting tube normally 

is, it was concluded tha t  the gas a t  the bottom of the tube is  counted a t  about 

25% of the geometry found a t  the mica window. 

The ~1204 was counted a t  the fourth shelf, 

Since the fourth shelf i s  about the same dis- 

A sample of Kr8s w a s  measured fo r  ac t iv i ty  i n  an efficiency-calibrated 

ion chamber, 

per milliliter of the sample, 

The measured counting r a t e  was corrected t o  the conditions of 2s°C, 760 mm Hg 

pressure, and aero absorber between gas and counting tube, and w a s  multiplied 

by the factor  of dilution, 

disintegration r a t e  determined from the ion chamber was taken a s  the counting 

geometry, 

No other ac t iv i ty  was present. The r e su l t  w a s  expressed as dpm 

Then a dilution w a s  performed on the sample. 

The r a t i o  of t h i s  counted ac t iv i ty  t o  the ac tua l  

The geometry fo r  Kr85 measured i n  t h i s  way was 3,s$, 

A sample of off-gas from the ORNL iodine dissolver was taken, and t e s t s  

were conducted on it w i t h  the apparatus, 

(Figure 8) of 10 mg/cm2 of absorber, as conpared with t ha t  of about 30 mg/cm2 

It w a s  found t o  have a half-thickness 
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for  D m s a m p l e  of the dissolver gas was put i n  a recording ion chamber 

and i ts  decay measured f o r  nearly f ive  days, The result ing decay curve is 

s h a m  i n  Figure 9 ,  

t l / 2  = 5.3 d, 

ac t iv i ty  of Xe133, which was about 80 mill ivol ts  or 84,3$ of t o t a l  radioactivity 

present, 

Xe135 (t1/2 = 9.2 hr). A 'rule-of-thumb f o r  a radioactivity decaying substance i s  

t h a t  it w i l l  almost disappear i n  the space of ten half-Uves, 

of Xe135 make 3.8 days, and t h e  decay curve shows effective disappearance of the 

short-lived ac t iv i ty  i n  two days, so t h i s  ac t iv i ty  was identified a s  Xel35, 

The straight-l ine portion of the curve was caused by Xe133, 

By extrapolation back t o  m r o  time, one may obtain the i n i t i a l  

The shorter-lived component died out i n  a few days and was probably 

Ten half-lives 

A mixture of Ids with the nearly pure Xe133 was prepared i n  such a way 

t h a t  t h e  ac t iv i ty  contributions were as nearly equal a s  possible,' Two counts, 

three days apart, were taken of the mixture i n  a closed sample counting tube, 

The method of calculating proportions of each component is reproduced here. 

First, it can be stated t h a t  the ac t iv i ty  a t  zero time is the sum of the ac- 

t i v i t i e s  of the two components, @.got: 

A 0  = (AO)Kr + (Ao)xe; 

a t  time = t, the ac t iv i ty  is  

or, substi tuting from the decay law, e.got 

we obtain 
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w h e r m h p  are  the decay constants f o r  Kr8s and Xe133, respectively. If 

the fractions of ac t iv i ty  l e f t  a t  the end of three days are  calculated, the 

results are 0.674 and Xe133 and very close t o  Unity f o r  Kr85, 

l e f t  f o r  gr85 is t o  be expected since i t s  half- l i fe  is 9*L y and decay was 

The large fraction 

observed f o r  only three days. The i n i t i a l  count was l4,573 cpm and the count 

a f t e r  three days was 11,778 cpm, By subtracting the two ac t iv i ty  equations 

we get 

and a,573 - 8573 = 6000 cpm(origina1 Kr85 ac t iv i ty) .  

Taking in to  account the difference i n  efficiencies of counting, the values 

are  f a i r l y  indicative of the original mixture composition, 

Since the noble gases themselves are  somewhat soluble i n  the iodine-absorbing 

reagents, t e s t s  were conducted t o  measure the loss i n  counting r a t e  result ing 

from gas solubili ty.  Kr8s was  used fo r  the tests, which consisted of counting 

a sample without passing it through the reagents, then pulling i t  back in to  the 

system and bubbling it through the reagents, and f i n a l l y  counting it again, 

Tests f o r  counting r a t e  loss result ing from so lubi l i ty  were a l so  run using pure 

water, Finally, tests were made i n  which a sample was counted a t  a fixed 

dilution, pressure, and temperature, then discarded; and a second sample, which 

had been repeatedly passed through the pipets, w a s  counted under ident ical  con- 

ditions. Loss i n  counts per minute per mill i l i ter  varied from les s  than 1% 

up t o  about 11% i n  twenty-three t r i a l s  , the average loss being 4,7%. No dependence 

of the per cent loss on pressure or temperature could be observed, 
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III- s- 
The apparatus f o r  counting beta ac t iv i ty  i n  off-gas is described. It con- 

sists of three parts, e.g., the di lut ion section, the  absorption section, and the 

sample counting tubes- 

of reducing ac t iv i ty  concentration- 

the iodine ac t iv i ty  from the  diluted sample- The sample counting tubes hold the 

gas under known conditions while it i s  being counted. 

counting tubes was determined t o  be 3.5% fo r  Kr8s- 

lyzed w i t h  the  ion chamber, and the proportions of Xe133 and Xe135 contained in 

it were measured. 

checked by use of the apparatus with a fa i r  degree of accuracy- 

cedure f o r  noble gas analysis i s  given i n  the  Appendix. 

The dilution apparatus provides a rapid and simple way 

The absorption section i s  used t o  absorb 

Geometry f o r  the sample 

Iodine dissolver gas was ana- 

The proportions of Kr85 and Xe133 i n  a m i x t u r e  of  the two were 

A detailed pro- 

Invaluable a id  i n  furnishing samples and f a c i l i t i e s  came from G. W- Parker, 

J- A- Cox, and S. A. Reynolds, a l l  of ORNL. 

V- BIBLIOGRAPHY 

(1) M- P- Mtuszak, Fisher Gas Analysis Manual, 3rd Ed., (Fisher Sc ien t i f ic  

CO Pfttsburg, Pennsylvania) 

VI- APPEETDIX 

Procedure Summar?r 

1- Obtain sample from dissolver- 

2. Dilute sample. 

30 Mix dilution. 

4. Count with GM counter gett ing pressure vs. counting r a t e  curve 

f o r  extrapolation t o  atmospheric pressure. 
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5. Absorb out a l l  radioiodine and repeat s tep 4. Also plot  an a l d -  

num absorption curve t o  determine half-thickness. 

6. Obtain pressure vs. counting r a t e  curves daily f o r  a week t o  get  

decay curve of sample radioactivity. 

7- Analyze absorption curve and decay curve t o  get  amounts and pro- 

portions of ingredients of sample. 

Procedure Details (See Figure 1) 

1. Draw sarnple i n  sample storage bulb, M1 Close v-1s and v-16- 

2. Dilution 

a- Turn  off v-5- T u r n  on vacuum pump- Close v-17. 

b. Connect S-1 and 5-2. 

c. Close v-6 and 17-7. Open v-5, v-4, v-3, and v-2 t o  v-3 and 

v-1s. Leave v-ls closed. 

d. When D reads maximum vacuum, close v-s9 read C. 

e. Open v-16 atmosphere, open v-17 and ra i se  L u n t i l  bore of 

v-16 is f u l l  of Hg, close v-17 leaving bore of v-16 f u l l  of Hg. 

f. Check m o m e t e r  pressure f o r  leaks causing pressure l o s s  in 

C while step e was done. Fix leaks found. Again open v-5 u n t i l  D reads maxi- 

mum vacuum. Close v-s. 

go Open v-4 between v-3 and v-7, close v-4 t o  v-s 

h. Lower F t o  bottom of rod support, with v-8 open .and v47 dosed. 

L Open v-15, then v-7 t o  v-& and E. 

j- When Hg in E f a l l s  t o  desired level,  close v-8, open v-16 t o  

M and v-17, open v-17, adjust  t o  desired pressure in C with L. 

k, Close v-7, draw back a l l  gas possible in to  M by lowering L. 

close v-lsl 



1- Open v-4 t o  v-3, v-7, and v-5- Open v-s u n t i l  D reads maxi- 

m vacuum. Close v-s, close v-4 t o  v-s, open v=4 t o  v-3 and v-7- 

m- Open v-1 t o  A and B f o r  a few seconds. Open v-1 t o  B and v-2, 

close t o  A. Open v-2 t o  v-1 and v-3. N2 pressure should be atmospheric or  above. 

n- Lower F t o  bottom, open v-8. 

0 -  Open v-? t o  v-4 and E u n t i l  Hg f a l l s  t o  75’-ml mark in  E. Close 

v-2 - 
pa Lower F until Hg f a l l s  t o  100-m1 mark, close v-8. Open v-2 

t o  v-1 and v-3 slowly u n t i l  two Hg levels  i n  C are  equal, close v-7 and v-2, 

open v-8- 

q9 Open v-4 t o  v-5, v-3, and v-7- Open v-s u n t i l  D reads maximum 

vacuum, close v-5. 

3- wxhg 

8.. maw Hg out of M with Le When Hg reaches bore of v-16, turn 

v-16 t o  atmospherea Lower Hg past v-17, close v-17- 

b. Close v-2, Disconnect S-1 and $2, put on empty M, connect 

a t  S-1 and 5-2- 

C. Upen v-5- Open v-2 t o  v-3 and v-15, open v-15’ with V-16 

closed- Close V-sa 

d. 

e -  

Repeat steps 2e, 2f,  and 2g. 

Open v-7 t o  v-4 and Ea Raise and lower F three o r  f o u r  times- 

Lower F t o  bottom, open v-16 t o  M, open v-17 and ra i se  L un t i l  Hg f i l l s  E4, close 

v=lS - 
f- Draw a l l  gas possible back into E by lowering F. 

ge Open v-4 t o  v-5, v-3, and v-7. 

Close v-7- 

Open v-5 u n t i l  D reads maxi- 

mum vacuum. Close v-5- 



4. Counting Diluted Sample (no absorption) 

a *  Connect S-3, open v-lh, open v-13 to v-14 and v-12, open v-12 

t o  v-13 and v-10, open v-12 t o  v-12 and v-9, open v-9 t o  v-10, G, and v-6, open 

v-6 t o  v-5, v-7, and v-9, close v-4 and open v-5 u n t i l  D reads maximum vacuum, 

close v-5. 

b. Draw a l l  gas possible back in to  E with F, close v-7# open 

v-6 t o  v-5, v-7, and V-9, open v-5 u n t i l  D reads maximum vacuum, close v-13 and 

V-5. 

ca Disconnect S-3, i n se r t  tube i n  counter, and count. Record 

time, date, sample no., sample counting tube no., pressure, temperature, dilution, 

and counting rate .  

d. Correct counting r a t e  t o  cpm/ml corrected f o r  background and 

counting standard a t  25OC. 

e. 

e.g., 200 mm, 400 mm, and 600 mm. 

extrapolate t o  760 mm of Hg, correct for  absorber and geometry. 

Repeat step La through s tep 4e f o r  three additional pressures; 

Plot pressure vs. corrected counting rate, 

Report resu l t .  

5. Aluminum Absorption Curve 

a. Count sample having highest counting rate a s  shown by 4 under 

wide range o f  absorbers u n t i l  count i s  absorbed down nearly t o  background. 

b. Plot  counts per minute, corrected f o r  counting standard and 

background, against absorber thickness. 

c. Extrapolate any straight-l ine portion t o  l e f t  margin, obtaining 

the t rue count a t  t rue  zero absorber t o  get proportions of radioactive gases. 

6. Counting Diluted Sample After Radioiodine Absorption 

Open v-13 t o  S-3 and v-12, open S-3 to a i r .  

Open v-10 t o  H and v-12, v-12 t o  v-13 and v-10, ra i se  I wi th  

a. 

b- 

v-11 open u n t i l  H i s  nearly full of Hg, open v-13 t o  v-12 and K, lower I t o  f i l l  

K, close v-13. 



C. Open v-13 t o  S-3 and v-12, again raise I to  f i l l  H, open V-12 

t o  v-10 and J, lower I t0 f i l l  J, close v-12. 

d. Open v-12 t o  v-13 and v-10, completely fill HP open v-10 t o  

v-9 and v-12, make connection S-3, open v-9 t o  v-6, v-IO, and 0, open v-6 t o  

v-5, v-7, and v-9- 

e. Open v-5 u n t i l  D reads maximum vacuum, close v-5, tes t  as before 

f o r  leaks. 

f.  Open 17-6 t o  v-7 and v-9, close 17-6 t o  v-5, close v-13, v-12, 

and v-10 by turning lef t .  

g- Open v-7 t o  E and 17-6, open v-10 t o  H and v-9, adjust  volume 

Put about 20 m l  of gas a t  atmospheric pressure into and pressure with I and Fa 

H- 

ha Close v-10 by turning t o  left ,  draw back a l l  gas possible in to  

E with F, close v-7, open v-6 t0 v-5, v-7, and v-9, open v-5 u n t i l  D reads maxi- 

mum vacuum, close v-5. Open v-9 t o  v-10 and 0, close v-9 t o  v-6. 

io Raise I, open v-10 t o  H and v-12, open v-12 t o  J and v-10, 

lower I when gas has bubbled through until gas has l e f t  JJ again ra i se  I- 

gas through J three o r  four times- 

Bubble 

j. Completely f i l l  J, open v-12 t o  v-13 and v-10, r a i se  I and open 

Bubble gas through K three o r  four times i n  same manner as v=l3 t o  v-12 and IC- 

through J 

k. Fill K, lower I, open v-U to v-12 and S-3, adjust pressure with 

I by tu ln ing v-10. Read pressure on GI temperature on T-2- Close v - 4 -  

1- Open v-9 to v-3.0, G, and v-6- Open v-10 t o  -7-9 and v-12- Open 

Q-6 t o  v-5, v-’7, and v-9. Open v-5 u n t i l  D reads maximum vacuum, close v-13 

and v-5. 
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w- Run pressure VS. counting r a t e  plot  as i n  s tep 4; also run 

absorption curve as  i n  s tep 5 t o  ge t  proportions of noble gases. 

7. Decay Curve 

a* Plot curves of pressure vs- counting r a t e  daily f o r  a week. 

be Extrapolate i n  each case t o  get counting r a t e  a t  atmospheric 

pressure 

c. Plot counting r a t e  a t  atmospheric pressure vs. day of week, 

obtaining decay curve. Analyze f o r  proportions of gases i n  same manner as is 

done with absorption curves. 






