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ABSTRACT

In this study the methods of tritium measurements in natural
waters used in the New Mexico Institute of Technology tritium
laboratory are explained,

The enrichment, conversion, and counting procedures and necessary
equipment, especially periodic addition cells are discussed in detail.

The relation between apparent and real enrichment factors are
discussed and two computer programs for the calculation of apparent
enrichment factors and initial tritium concentrations of enriched samples,
and real tritium enrichment factors from the apparent are given.

Labelling and storing of samples and recording the experimental

data are also explained within the text,
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1. INTRODUCTION

The nuclei of some elements are unstable and undergo spontaneous
changes to attain a more stable nucleus. This phenomenon is called
vradioactivity and the elements which exhibit this phenomenon are called
radioactive elementé. The new element which is the product of
disintegration may be again a radioactive element or not.

Radioactive decay law states that the rate of decay is proportional
to the amount of atoms present. This proportionality can be expressed

by using a proportionality constant A.

dN
— 22 —AN. |.l
( )

Integrating this equation and substituting N # No when t = to

N = N M (1.2)
o
where
No = initial number of the atoms.
N = number of the atoms at time t,
A = disintegration decay constant (T_l).
t = time interval. v,

The half life of a radioactive element is denoted by ty, and
is an important concept. It is defined as the time interval during
which the number of atoms of radioactive element decreases by
one-half. The half-life can be calculated by substituting N = No/Z

into the equation (1.2).
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The atoms having the same atomic number but different mass
numbers are cdlled isotopes. They have identical chemical properties.
However, they may exhibit different radioactive properties. Hydrogen,
for example, has two isotopes, deuterium and tritium with mass numbers
2 and 3 respectively. Of these two tritium is unstable and show
radiocactive proper;ies whereas deuterium is stable and does not.

Tritium is transformed into helium by means of a decay process.
3 3, -
lH + oHe™ + '8
This decay process is called beta emmission and the half-life of
this disintegration is 12.26 years.
Natural tritium is produced in the stratosphere, under the

continuous bombardment of 7Nl4 with high energy particles of cosmic

radiation.

12

14 1 3

The neutrons generated by the spontaneous fission of uranium and
by the (o,n) reactions react with lithium traces in the rocks and form
tritium. Tritium is also produced in sea water by a similar mechanism.
The production of tritium in the earth's crust is a negligible source
of tritium for natural waters (12).

There is a balance between the natural tritium and decay. It is
‘reported by Holmes (11 that there are 6 tritium atoms for every 1018

hydrogen atoms in the precipitation over the U.S. This very low



concentration of tritium leads to the definition of tritium units

(TIU) such that

1T atom

lO18 1H1 atom

1TU=

Atomic bomb explosions also produce tritium in the atmosphere.
The magnitude of tritium concentration which is produced in this way is
much higher than that of natural sources. It is clear that concentration
of tritium in the atmosphere changes from time to time depending on
the number of explosions of atomic bombs.

By observing tritium concentration fluctuations in the atmosphere
‘and in two artesian wells in the direction of ground water flow, the
time interval during which water molecules travel from one well to
another can be obtained (8). Hence, ground water flow and the other
parameters of ground water problems can be calculated.

If it is necessary, equation (1.2) should be used for time

corrections.



2. COUNTING OF TRITIUM IN NATURAL WATERS

Counting the tritium amount of waters which were sample& in the’
field can be considered mainly in 3 steps.
a. Enrichment of the samples.

The tritium concentrationsiin natural waters are very low and
it is not possible to measure these low concentrations with the
counters available. Therefore, it is necessary to enrich the sam-
ples before starting to count. That enrichment can be obtained
by means of electrolysis. Even after the enrichment, contamination
of the counter from the previous count and from the cosmic radia-
tions is a serious problem in counting. The contamination of the
counter from the previous counts can be reduced sufficiently by
flushing the counter with pure hydrogen prior to the count. It
is possible also to prevent the effects of cosmic radiation by
keeping the detector in a stainless steel shield. Despite these
precautions, counter might still have an ititial background. It
is necessary therefore to measure the background of the counter
every two weeks, and necessary corrections should be made.

b. Conversion into the gas phase
c, Counting

These steps will be discussed in detail.



3. ENRICHMENT OF TRITIUM IN NATURAL WATERS

3.1 Theoretical background
Enrichment takes place during electrolysis, because the isotopes
of hydrogen are discharged more slowly in relation to their atomic

weight. The equation which governs the enrichment is

— =— = B— (3.1)
P D T

P, D, and T are the number of the moles of protium, deuterium, and
tritium respectively. o and B are the enrichment factors of deuterium
and tritium respectively with respect to protium.

If we apply initial conditions to equation (3.1),

| jéﬁ: af§2=sf§£, (3.2)
P D
Py Dg T, T

it becomes
B ‘
Py =@y . (3.3
D To'

If we assume T << D <<P,

and equation (3.3) becomes

D

I o=y =Z . (3.4)
VO o o

Vo and V are the initial and final volumes of the sample respectively.

If x indicates the mole fraction,

Xd =D =D L5 X.°P. " (3.5)

D+ T+P p d



In the same way D0 = Xd : PS'
T =X *P
t
o
T =X *P.
o t o

Using equation (3.4)

8 -1/8

and

0
XtV0

(3.6)

(3.7

(3.8)

(3.9)

(3.10)

Running at least one standard sample, prepared by diluting a known

standard sample, in every batch, B can be calculated, hence for unknown

_ samples X: can be obt'ained by using equations (3.10) and (3.9) respec-

tively.

o
A computer program is given for the calculation of 8 and Xt values

(see overleaf).

o
Starting from V/Vo = (D/Do) and in the same way as in calculation

of B, o can be obtained

(3.11)
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Deuterium is present in normal hydrogen to the extent of one part
iﬁ 5000 to. 7000 in rainwater, hence initial deuterium concentration
can be assumed constant and has a value of 0.,015%. Final deutefium
concentration after the enrichment process X

d
10
of falling drép technique. (10) Since the variables on the right~-

can be obtained by means

hand side of the equation (3.11) are known, o can be calculated.
' 17)
Experiments of Ostlund and Werner ( show that the ratio of
logarithms of B and o is constant and:

2 = log 8/logo = 1,337 * 0.007.

3.2 Preparation of standard samples

Standards for ouf experiments were prepared by diluting the
standard samples obtained from U.S. Atomic Energy Commission, at various
ratios. The time corrections of these standards can be found from the
tables provided. Time corrected standardbsample N2 65-3 contained
96.81 x lOé TU on 2nd August 1971,

Standard No 1 for our experiments was prepared from sample

No 65-:3by dilution in two steps.

1st dilution 5 ml. of Std #65-3 - 1
2000 ml. of Bg + 5 ml. of Std #65-3 401
2nd dilution -10. ml. of diluted sample

i} .
495 ml. of Bg + 10 ml. of diluted sample ~ 350 .5

1 1 1
Total dilution = X =
401 50.5 20250.5

In this case, initial tritium concentration of standard No 1

on 2nd August 1971 is

96.81 x 106

20250.5

3
= 4,78 x 10 TU,



Standard No 2 which has a total dilution 1/57340 and tritium in
the amount of 1688 TU was prepared in the same way.

3.3 Equipment

3.3.1 Periodic addition cells

Water samples are enriched in electolyzing cells. These cells may
be ordinary cells or periodic addition cells. A desired volume éf
water sample ds put into an ordianry electolyzing cell and electrolyzed
to a desired volume. But in periodic addition cells, water samples
are electrolyzed by adding a certain volume of water periodically to a

cell. Periodic addition cells (17)

are now used in the tritium
laboratory of New Mexico Tech for the enrichment of water samples.
A picture of a periodic addition cell is shown in Figure 1. A
complete periodic addition cell has 3 main parts:
a. Drop funnel,
b. Electrodes,
c. Cell itself.
3.3.1.1 Drop funnels
The volume of the drop funnels used in the laboratory is 250 ml.,
marked at 25 ml. intervals. They have also a valve to make the additions
and Roman numerals on each indicéte drop funnel numbers.
3.3.1.2 Electrodes
Iron and nickel electrodes are used as the cathode and anode
respectively, having a surface area of 34 cmz. They are located in the
flattened part of the electrolyzing cell and are covered with waﬁer

when 50 ml. of water is put into the cell. Connection wires are

supported by 2 teflon baffle plates.



Figure 1, A complete electrolysis
cell for periodic addition
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3.3.1.3 Cell

Since enrichment is faster at points closer to the electrodes, the
bottom part of the electrolysis cell is flattened to achieve approxi-
mately constant enrichment at every point. There are 3 marks on the
cells showing 50 ml., 25 ml., and 2,5 ml., just above the neck of the
flattened part, on the middle and narrowest part respectively, The
factory printed numbers located at the upper part of each cell are used
as a cell number.

3.3.2 Low temperature water bath and power supply

In order to avoid losing large numbers of heavy isotope atéms,
electrolysis should take place in a low-temperature water bath with
the temperature kept at about 7°C. This temperature is provided by
means of a refrigeration unit and kept almost constant by a thermoswitch.
There is also a water pump which circulates the water throughout the
bath constantly. This provides a constant temperature in every point
of the bath.

Hydrogen and oxygen, Which are the products of electrolysis,
should be disposed of to avoid an explosion. This is done by meéns
of an exhaust pipe, fan, and connection hoses.

The details of the water bath and the power supply are shown in
Figure 2.

A maximum of 10 samples can be electrolyzied simultaneously in -
the New Mexicdo Tech tritium laboratory.

3.3.3 Vacuum distillation apparatus

Before starting electolysis, electrélyte must be added to maintain

the electfic current through the sample. After electrolysis the electro-

lyte must be removed by neutralization and vacuum distillatiom. .
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The vacuum distillation apparatus used is shown in Figure 3.
3.4  Experimental procudure
3.4.1 Preparation of the samples for electrolysis
3.4.1.1 Collection of the field data and recording of
the samples

The ground water data should be chosen from the artesian wells,
and before the sample is taken the well must be pumped to flush the
casing.

The samples are put in one gallon bottles. The bottles are
carefully labeled with sample number, date of collection and location.
Information abput the pumpage before the sampling, queciaiiy for the
wells which are not in use for a long time, should be added. Indication
of the owner also might be useful.

In the N.M. Tech laboratory this information is recorded in a
"sample register book."

The copy of one page from this book is given as an example. The
number at‘the top left is the page number. The other numbers on the
left in a column are the sample numbers. Roswell is the name of the area
where the samples on this page were collected. '"Date started" means
.the date on.which counting began.

3.4.1.2 Regular distillation

The presence of salt in samples which are collected at the field
may cause trouble during electrolysis, therefore it is necessary to
remove thersalt prior to electrolysis. Hydrogen may also be present
related to the salts. But as the sample is not enriched, it is assumed
that the error caused in loéing hydrogen by means of distillation will

stay between the error limits.
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After distillation, each sample is put into a drop funnel.
Sample and drop funnel numbers are recorded in a daily record book.
250 ml. of previously distilled sample is electrolyzed.
3.3.2 Additdon of eléctrolyte
0.6 gr; Na

202 is dissolved in 50 ml. of each sample.

2Na, 0, + ZHZQ > 4NaOH + O

295 + Heat.

2

3.4.2 Electrolysis

50 ml. of a sample whigh contains 0,6 gr. of Nazo2 and 200 ml.
of the same distilled sample is put into each of the periodic addition
(cells and its funnel, respectively. One of the samples must be a known
sample in order to be able to calculate the enrichment factor 8. The
electrolysis is made at a constant current of 3.0 A. 50 ml. of a
sample will feduce to 25 ml. after 24 hours. Every 24 hours 25 ml. of
sample should be added to the cells from the funnels. At the end of
the ninth day there will be only 25 ml. of sample in each cell. At that
time the current should be reduced to 0.3 A, Approximately 6 days
after the current is reduced, only 3 ml. of sample will remain in the
cells and the electrolysis is complete. After electrolysis is over
electrolysis cells should be cleaned with soap and rinsed carefully.

Black coating on the electrodes offers a rapid way to constancy of
8. Therefore the electrodes are removed carefully and rinsed in
running water. Only if their black coating is too thick, they are
brushed gently with a soft bottle brush or pipe cleaner.

Both electrodes and cells are left to dry.

Equations (3.10) and (3.9) apply when the volume of the sample is

reduced directly to a certain ratio of the initial volume by electrolysis.
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However in the method which is the subject of this study the samples
are electrolyzed by adding a certain volume of the sample periodically
into electrolysis cells which were explained in detail previously.
Certainly the B value obtained in the latter’Will differ from the previous
one. An equation can be given simply £(8, B') = O
where
8 value obtained by electrolysis of the sample directly to a
certain volume.
B' value obtained by periodical addition of certain amount of the
sample into the electrolysis cell.
3.4.3 Neutraliz;tion of enriched sampie
To avoid losing a large amount of hydrogen which is bonded in the
NaOH, it is necessary to neutralize the enriched sample. CO

2

to the enriched sample before vacuum distillation., A hose, one end of

is added

which is connected to a CO2 tank, can be used for this purpose. The
other end of the hose is connected to a pipet, which is submerged in the
enriched sample in the cell. By experiments it is found that addition
of CO2 at a pressure of 10 lbs. to the enriched sample for about half
an hour is enough for neutralizing.
2NaOH + 002 Na2003 + HZO'
3.4.4 Vacuum distillation

It is necessary to get off the Na2003 which was formed in the liquid
during the neutralization. This must be done before conversion and
since the sample is measured in the amount of 2-3 milliliters, after the-
electrolysis, vacuum distillation should be chosen for this purpose.

The main part of the vacuum distillation apparatus is a weighing

bottle. It is specially manufactured with a valve provided to pump air



in the cell through the bottle. As it is seen in the figure, this
valve also provides a long circulation of the vapor inside the bottle.
This and -200°C provided by liquid nitrogen prevent the water passing
through wighing bottle. The system should be pumped below 2000 us,

as measured by Pirani gauge. After reaching 2000 ps or less, the

pump is stopped. Pirani gauge and pump valves are closed and the
.weighing bottle is submerged ;nto liquid nitrogen, thus initiating vac-
uum distillation. Distillation will continue until the cell is
completely dry. After that, the sample is weighed and pipetted into a
bottle of 4-5 cc. This bottle must be labelled with the sample, batch,

and cell number.

3.5 Recording of enrichment
- Table 1 is given as an example of how to keep the records of

enrichment.

The‘first five columns are used to indicate funnel numbers,
sample numbers, cell numbers, total volume of the samples, and the
amount of Na202 added to the cells respectively. On the sixth column,
the initials of the person who started to electrolyze, the date, and the
time should be recorded. The columns from 7 through 14 show the
additions made every day. On those columns, also,ithe initials of the
person who made the additions, the date, and the time should be noted.

As it is mentioned before, at the end ofrthe ninth day the samples
reduce to 25 ml. At that time the electric current also should be reduced

to 0.3 A. This is shown on column 15. The columns under the titles

"power off" and '"vac. dist." indicate the end of electrolysis and
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vacuum distillation. Also on those columns the date, the thime and the
initials are important. The amount of sample which is recovered at the
end of the enrichment is shown on colum 18,

If there is something wrong with any one of the samples during the
enrichment, the result can be mentioned under the "remarks' on the row
which belongs to that sample. Any other unusual happenings. during the
electrolysis can be mentioned below the table by indicating the time and

cuase.

3.6 Discussion of periodic additions and computation procedure
of real enrichment factor.

As it was mentioned before, enrichment factors obtained by using
periodic addition cells are not real. The following development is
from.Ostlund(17>.

Let

B real enrichment factor

B' apparent enrichment factor

TO initial number of the moles of tritium in 250 ml. sample

T=T, C%—S% from the equation (3.4).
)

Since, in the periodic addition method only 50 ml. sample is electro-
lyzed, V/Vo is constant and equal to one-half, the number of moles of

tritium in the reacting liquid at the end of the first day;
1
= B8
Tl 0.2 To(l/Z)
at the end of the second day

: 1
T, = 0.2 '1:0(1/2)-é + 0.1 To(l/z)B



and so on

Fronn famd
T, = 0.2 T _(1/2)® + 0.1 Toizl(l/Z)

The tritium recovery at the end of the 9th day

8 1

1 1
r=29 =0.2/2F +0.17 (1/2)F
To i=3

Over all recovery when the electrolysis is over

=
I

1
r (LB (3.5.1)
25

where

V  final volume of ‘the liquid

R value was given by Ostlund(l7)
L L
R=r()f = Ef
25 250 : (3.5.2)

Substituting the value of r and arranging the equation

1 1
r/2)t Y98 - 100v/250)8" = 0.
1 25

nes1 o

1
21(1/2) 198 4+
25 i

After calculation of B', the obove equation can be solved for B
numerically. A computer program is given for this purpose. In this
program B values were calculated by using the data of standard samples

of batch number 1.
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3.7 Error analysis

Let for simplicity

X=X
(8]

X =X

[o]
X

X v.»

y= (——)
X, v,

B_ YV
v v
o
and
R AV .
AGy™) AV __ o 4 (3.7.1)
y \ Vo
-1 -1
Ay®) A[Q—%—L)B] - 8yt L
o) Vo o © o o

B-1 X V. _ax - pyP-l X V_

B8

+

. o = 7 AV (y"1n y)AB
. (o]

B AX 4 ByB Av _ ByB é§2 - ByB EXQ + (yB In y)AB

X - v X, A
8 A AV
A(% ) - 35% + B.ég -8 _§Q -3 —2+ ARln ¥y (3.7.2)
y Xo vo

Equating the equations (3.7.1) and (3.7.2) and by solving for

AV‘ . !
AXQ .. AV O y(1 - i) + A§_+A.B_ ]_n[_}.{._.‘l (3.7.3)



Since the sign of AV, AX, etc. is unknown, then the equation

(3.7.3) is written as

AX S y _
s—2 = AV AVoyq - Ly L AKX A8 4 X V. (3.7.4)
%o A 8 X7 g% v,

The equation (3.7.4) also can be used for the calculation of

error in g, by solving for A8
B

Error in X can also be calctilated with the formula below. The

terms will be explained in detail in the following chapters.

+ =i'--,i;i—~—;i——P-i A(EV) (3.7.5)
ACr 1
. = ﬁr (3.7.6)
where

T Absolute temperature of the tube
C, Net count
P Actual pressure of hydrogen

EV Effective volume of the counter.

The factor 1ln [%—-z—] shows the importance of counting and electro-

OVO

“lysis techniques. Improvements in electrolysis techniques will increase

the tritium recovery r =-% and improvements in counting techniques will
0

not be necessary for low V/Vo ratios. The improvements in these techni-

ques will make the factor 1n Lg—.y*] tend to zero.
o 0 :
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Equation (3.7.6) also shows that long counting times will decrease
the error in X.

The otﬁer errors come from:ordinary measurements, like volume;
temperature, etc. If there is need, more precise instruments can be used.

It also should be remgmbereé that fhe B value was concerned in this

chapter is the real enrichment factor.

3.8 Maintenance of the equipment

a. Glasswares: After each article is used, it is cleaned with
tap water, dried and kept in a drawer.

Drop funnels might be rinsed with alcohol for quick drying.

b. Electrodes: After the electrolysis, electrodes are removed
carefully and rinsed in running water, and then let to dry. Only if their
black coating is too thick, they are brushed gently with a soft bottle
brush or a pipe cleaner.

c. Pipets: FEach pipet is used only once and they are collected
in a container full with tap water, afterwards they are rinsed, dried
in the oven, and kept in a drawer.

d. Electrolyzed samples: After the vacuum distillation each
sample is pipetted into a bottle of 4~5 cc., labélled with the sample,

batch, and cell numbers on it and stored in a box until counting.
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4, CONVERSION INTO GAS PHASE
4.1 Theoretical background

Hydrogen must be separated from oxygen before counting. Im
order to do this, water vapor is forced through a magnesium column
heated to 600°C.

Mg + H,0 600°C .5 Mgo + H,.

The hydrogen we get in this way may be Hy, TZ’ or HT. The second
step is to collect hydrogen in charcoal by freezing it at -200°C by
means of liquid nitrogen. A cold trap is used between those steps to
catch water vapor Whiéh Hés not reacted with the magnesium,

4.2 Equipment

The equipment used for the conversion experiments consists mainly
of two parts, oven and.gas assembly as shown in Figure 4.

The oven is sused to heat the magnesium column to 600°C. The -
magnesium insert details énd the installation of the magnesium insert
into the éven are shown in Figures 5 and 6 respectively. After every
two or three conversions the magnesium column should be changed. To
avoid leakage the O ring at the bottom of the magnesium insert should be
greased. |

There are two cold traps on the glass assembly. One of them is
used to catch the unreacted water vapor with magnesium, Hydrogen is
collected on the charcoal. After a sample is transferred into the
counter, the charcoal of this sample should be cleaned by pumping. A
good cleaning is obtained by sﬁbmerging the charcoal cléaning cold trap

into the liquid nitrogen.
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Figure 5. Magnesium insert
details

1.
2.
3.
4.

5.

Magnesium insert

Magnesium grains

Glass wool

Stainless steel
screens

0 ring
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Figure 6.

U U

Placing the magnesium’

insert in the oven

T

Magneésium insert
Oven '
Sample assembly

.Pipe connected to the

oven
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4.3 - Preparation of. enriched sample for conversion-

Prior to the preparatibn of a sample, the sample tube should be
cleaned carefully with tap water and rinsed with distilled water. 1If a
background sample is to be prepared, acetone should be used after rinsing
the tube with tap water.

1.15 ml. of sample is measured and placed into the sample tube by
means of a pipet and the tube ié clogged with glass wool as shown in
Figure 7. Special pipets are used for background samples.

4.4 Experimental proéedure

The oven is heated by means of a time switch. Starting time can
be chosen depending on work and aim. It takes about an hour to reach
600°C and the system should be pumped - without charcoal - at least 20
minutes before conversidn starté, It is useful therefore to adjust the
time switch to a time which is one and a half hours before starting
work in the morning. It is also importanﬁ to switch the water pump and
vacﬁum pump on, elosing all the valves except cold trap and vacuum pump
valves, and to insert a clean magnesium column into the oven the evening
before.

A list is given below to show how to use this equipment étep by
step during the conversion. The numbers in brackets refer to the
numbers in Figure 4.

1. Put the sample on and freeze it with liquid nitrogén. (12]

2, Pump the air off sample.

3. Submerge charcoal in liquid nitrogen. [6]

4. Check the vacuum by using Pirani gauge. Wait until vacuum

crips below 40 us.
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Figure 7. Preparation of a sample

1. Sample tube
2. Glass wool
3. Water sample
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5. Put the cold trap on and wait until vacuum drops below 20 us.

6. Start the conversion.
6.1. Close the Pirani gauge valve. [3]
6.2.. Close the pump valve. [5]
6.3. Open the charcoal valve. [4]
6.4.. Remove the liquid nitrogen surrounding the sample. [12]
6.5, Turn the pump off.
7. After the sample liquifies start to heat it.
8. After all the sample is evaporated put the pump on.
9., Check the vacuum.
9.1. Close the charcoal valve. [4]
9.2, Open pump Qalve. [5]
©,9.3. Open Pirani gauge valve. [3]
If it is not below 2000 ﬁs, continue -conversion by-closing Pifani
gauge valve and pump valve, and opening charcoal valve respectively.
If it is below 2000 us, conversion is complete.
10.1. 1If we are going to do another conversioﬁ:
lO.l.i.l. Close éold trap [2], Pirani gauge [3], and pump
valve [5].
10.1.1.2, Take the charcoal with liquid+nitfogén off [6].. "
10.1.2. Put the clean charcoal with liquid pitrogen on [6].
10.1.3. Take the colq trap off.
10.1.4, Start to pumﬁ the ovén in the following steps:
10.1.4.1. While charcoal valve is closed, open the valves

in this order:
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a. Pump valve [5].

b. After pressure in the system is low - tbis can be
determinediby listening to the noise of the pump — open Pirani gauge
valve [3].

c. After vacuum reaches 50 ﬁs or less, open cold trap
valve [2].

10.1.5. Put the new sample in and freeze it.
10.1.6. Pump the air pff the sample.
10.1.7. The sample is now ready for counting right away, or
the charcoal with liquid nitrogen may be képt in a freezer.
10.1.8. Return to step 4 and continue as before.
10.2, 1If conversion is complete:
10.2.1. If we have a charcoal to be pumped.

10.2,1,1., Turn the power off,

10.2.1.2.7 Take the charcoal with liquid nitrogen off and
put the charcoal to be pumped on.

10.2,1.3. Take the liquid nitrogen surrounding cold trap off.

10.2.1.4. Close the sample valve [1].

10.2.1.5, Pump the oven until pressure drops below 50 Us,

10.2.1.6. Close cold trap [2] and Pirani gauge valve [3]
and open charcoal valve [4].

10.2.1.7. When the system drops below 50 Ws, submerge the
~ charcoal cleaning cold trap [llj in the liquid nitrogen and pump for 2
hours. |

10.2.1.8. After 2 hours check the pressure, close the
charéoal trap [4] and Pirani gauge valve [3], and take the liquid nitro-

gen surrounding the cold trap off.
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10.2.1.9. . Pump the system until the cold trap is dry,

close the pump valve [5] and turn the pump off.

10.2,1.10. If the temperature in the oven is lower than

100°C, turn the water pump off..

10.2.2. TIf we don't have a charcoal to be pumped.
10.2.2.1, Turn the power off.

10.2,2.2. Take the charcoal with liquid nitrogen off and

put a closed ball point joint in place of the charcoal.

trap

pump

turn

4.5

10.2.2.3. Take the liquid nitrogen surrounding the cold
off,

10.2.2.4, Close the sample valve [2].

10.2.2,5. Pump the oven until pressure drops below SOius.

10.2.2.6. Close the cold trap [2], Pirani gauge [3], and
valves [5], and turn the pump off.

10.2.2.7. When the temperature in the oven is below 100°c,
the water pump off.
Maintenance of thé equipment

a. Mg insert: Mg insert is taken out of the oven after 2 con-

versions. Then proceed as follows:

keep

al. Take all Mg out of the insert.

a2, Rinse with tap water.

a3. Close the bottom side with a rubber cork.

a4, Sﬁbmerge vertically into water which is 3-4 inches deep.
a5, Put diluted HC1 and Qait until gas bubbles subside.

ab., Throw away the HCl, rinse with tap water.

al. Repeat the procedure, rinse with tap water, let it dry and

in a drawer.
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b.. For not mixing clean and used charcoal traps, the used char-
coal traps are kept in a special place, separated from the clean ones,
after transferring the hydrogen into the counter. If there is no con-
version on the apparatus, the following procedure should be done for
cleaning of charcoal.

Numbers in brackets refer to Figure 4.

bl, Put the charcoal on [6].

b2. Pump the oven until pressure drops below 50 ﬁs. [Sample valve
[1] is ciosed.]

b3. Close cold trap [2] and Pirani gauge valve [3] and open
charcoal valve [4].

b4. When the system drops below 50 ﬁs, submerge the charcoal
cleaning cold trap [11] in the liquid nitrogen and pump for 2 hours.

b5. After 2 hours check thé pressure, close the charcoal trap [4]
and Pirani gauge valve [3], and take the liquid nitrogen off surrounding
the cold trap.

b6. Pump the system until the cold.trap is dry, ¢lose the pump
valve [5] and turn the pump off. |

b7. Take the charcoal trap off, close with a cork and keep in a
freezer.

4.6 Procedure for multiple conversions.

When a conversion is complete do these in order.

a. Take the charcoal with liquid nitrogen off in the following
steps,

al. Close cold trap [2], Pirani gauge [3], and pump valve [5].

!



charcoal

valve.

e,

f.
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a2. Take the charcoal with liquid nitrogen off [6].

Put the clean charcoal with liquid nitrogen on t6].

Take the cold trap off.

For pumping the oven open the valves in this order, while
valve is closed.

dl. Pump valve [5]

d2. After pressure in the system is low, open Pirani gauge

d3. After vacuum reaches 50 pus or less, open cold trap valve.
Put the new sample to be converted on and freeze it.

Check the vacuum by using Pirani gauge. Wait until vacuum

dfops below 40 us.

g.
h.

Put the cold trap on and wait until vacuum drops below 20 us.

Start ‘the conversion as explained before.



45

5. RADIATION MEASUREMENTS

5.1 Theoretical background

After the sample is enriched and collected in the charcoal in the
gas phase, then it is ready for counting._ For counting, a mixture of
ethylene and argon is used as a quenching gas. This mixture prevents
multiple discharges and céscading. Partial pressures of argon and
ethylene are 34 and 83 mm Hg, respectively. Pure ethylene corrodes the
wires of the detector and makes it inoperable after a few runs. To
avoid the corrosion, ethylene is frozem in the cold trap at first and
then put into the detector after afgon and hydrogen. Ethylene also
corrodes easily the Pirani gauge.

The formula which is used to calculate tritium concentration after

the count is:

X ="—"'I"‘3£—(—:L—'x481TU.

t
Phact x EV

Xt = tritium concentration in tritium units when the sample was

counted.
T = absolute temperature of tube
Cf = Corrected net count Cr = Net count - Background*
Py = Actual pressure of hydrogen

act
EV = Effective volume of the counter*#*

* Background: Memory contamination-of detector{ This should be measured
every two weeks.

%% Effective folume of the counter is assumed nearly constant and equal
to one. '
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If B is known, then Xg can be obtained from equation (3.10).

5.2. Equipment

The set up of the Geiger counter is shown in Figure 8 and 9.
A photograph is also attached. The counter consists of a stainless .
steel shield and an empty space where the detector is placed.

The background due to cosmic radiation will be in the magnitude
of 500 cpm*.in an unshielded counting tube of one liter volume.
Stainless steel shielding surrounding the detector reduces this naturally
pfesent cosmic radiation. However, even if the detector is enclosed
inside a stainless steel shield, the background due to cosmic radiation
will still remain over 100 cpm. It is possible tdfﬁgﬁf%jﬁifinﬁgﬁiigagition £e
per minute ﬁith the detector construction details of which are shown
in Figures 10 and 11.. The connections of guard electrodes, anitcoin-
cidence circuit, screen wires and center wire are made in a special
way. These connections are not shown in the Figures.

Effective volume of a counter occupies the center of the counter.
This volume changes with time. In the counter used in the New Mexico
Tech tritium laboratory, this volume is assumed to be constant and equal
approximately to 1 liter.

Since the detector is not infinite length; electric field is not
uniform specially at the end of detector. The effect due to this non-
uniformity of the electric field inside the detector is called end effect.

Very large counters have high background rates due to the large

surface area for secondary production from previous count and cosmic

* cpm - counts per minute
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Figure 9. Counting array

1. Stainless steel
.shield
2. Detector



Figure 10. Cross section of the detector

1. -

2.
-3
4,
3.
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Guard electrédes
Anticoincidence circuit
Vacuum tube

Screen

Connection wires
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radiation. This is called wall effect.

5.2.1 Practice of operation

A photograph of the control panel is given (Picture 3). For the
operation of the counter, do these in order, before starting to count.
The numbers in brackets refer to picture 3.

1. While the switches [1] and [2] are on the Th* positions apply
300’ volts to the screens (switch [3]) and put anticoincidence circuit
and center count switches on. [4] and [5]

2. Apply 1500 volts to center wire and anticoincidence circuit
with coarse adjustment knobs. [6] and [7]

3. Wait about half an hour.

4, Find approximate thresholds as follows.

a. Increase the voltages of center wire and anticoincidence
circuit until center and anticoincidence count indicators just start to
count by using coarse adjustment knobs.

b. By using fine adjustment knobs, [8] and [9], find the
voltages which give 6 to 10 cpm on center count indicator [10] and 20 to
30 cpm on anticoincidence count indicator [11]. Inifinding the right
voltages it might be necessary to repeat the same process several times.
Stop switch [12] and reset switch [13] can be used for this purpose.

c. Put the switches on OP**positions and start to count.

d. Record the operating voltages on the anticoencidencé circuit
and center wire and starting time to count into the register book.

5. Wait about 1 hour.

% Th - Threshold voltage

*#% OP - Operating voltage






6. Take the count in such a way:
a. Stop the count and put the counter on threshold voltages.
b. Read the counts on CC¥%*, AC*%*, and Net'count*** indicators
and record the time and the counts into the register book.
¢. Calculate the counts per minute.
7. Find the real thresholds which the same way done before.
8. Wait until at least 100 count is read on the net count indicator.
9. Take the count and if it is necessary repeat the same process,
10, When counting is over, switch off anticoincidence circuit, center
wire and screen.
5.2.2 (Calibration of the counter
a. Background checks
Background checks are made at least every two weeks.
b. Plateau determination
Consider simple Geiger counter. (Figure 12).
If it is started to apply potential to that system and increase
gradually, it will be observed that no signals at the low potentials
will be taken. After a certain potential the counting rate will increase
very ﬁast within a small range of potential. 1If it is continued to
increase the potentia%)counting rate will stay almost constant within a
ce:tain range; after a certain range it will increase very fast again
(Figure 13). The potential difference at which counting starts is called
the threshold potential, and this flat region as plateau. At the end of
* CC - center count
%% AC - anticoincidence count indicator

*%% The counts of AC and CC cancels each other inside electronic circuit
in such a way that it gives the net count.
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" Figure 12: Fundamental counter circuit
(After KORFF, S.A., 1957)
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Figure 13: A typical plateau of a Geiger Muller counter.
(After ARYA, A.P,, 1966)
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plateau, high electric field near the central wire causes multiple
ionizations and very fast increasing counting rate. That means a com-
plete discharge is set up along the whole length of the electrode.

It is desireable therefore to take the counts in plateau region.

For the plateau determination of the counter in New Mexico Tech
tritium laboratory, do these in order.

1. Fill the tube with background sample.

2. Find the threshold potentials.

3. Keep either AC or CC potential constant and increase the other
by 25 volts every 10 minutes and take the count on each indicator.
Write down the results.

4. Now keep the potential of the other circuit constant and do the
same things. |

5. Draw voltage versus counts (AC,CC, Net) graphs for both
experiments.

6. From these graphs the range of plateau can be determined.
Figure 14 is attached as an example.

5.3 Statistical fluctuations

The following development is from Hoag(g).

Tritium has a considerably long half life, 12.5 years. If the
meéasurements of the substances such as tritium are made over a very long
time interval, the number of the atoms which disintegrate each second
is found to be constant. But when measurements-are made over a com-
paratively short time interval, it will be found that the number of
disintegrated atoms is sometimes greater and sometimes smaller than the

average. The distribution of the observed number around the average



can be determined from probability considerations and is represented
"by the Gaussian error curve.

A counter has a background activity due to contamin;tions, cosmic
radiétions, etc., which i$ a subject of statistical fluctuations. It

(13)

can be shown that

bT = BT + 0.67 vbT (5.2.2.1)
where
b background count, measured over a comparatively short time
interval T,

-y

b average background.

The activity of a radioactive substance including the background,

over the time period T.

aT = 3T + 0.67 vaT (5.2.2.2)
or
aT = (3 - B)T + 0.67 /(a + B)T (5.2.2.3)

First term of the equation (5.2.2.3) gives the average activity
and the second term gives the probable error which will be made in a
single observation. The limit of the observation is given.
aT < 0.67 VBT

"Relative probable error is

r = 67
S VT
where
s. a-b
Ja *+ b

S is called relative sensitivity of the instrument.



5.4 Experimental procedure
The order of transferring the gases into the detector is
hydrogen, argon, and ethylene respectively. Hydrogen can be transferred
by removing the liquid nitrogen surrounding the charcoal trap, and
followed by argon. Ethylene, which was préviously measured and frozen
in the cold trap, is transferred by removing the liquid nitrogen
surrounding the cold trap. After the mixtrue of hydrogen, argon, and
ethylene is prepared in the detector, hydrogen can be counted. In
that case a complete procedure of counting hydrogen can be considered
in two main steps, namely, preparation of the gas mixture and counting.
The procedure is given below. The nuﬁbers in brackets refer to
the parts of the equipment shown in Figure 8.
5.4.1 Preparation of the gas mixtures
The procedure for preparation of the gas mixtures can be described
in 5 steps:
I. Preparation of the counter
Before the gases are transferred into the counter, the counter
must be cleaned carefully. In order to do this:
a. Place the sample [18]
b. Turn the pump on.
c. Open the valves in the following order:
cl., Pump valve [1]
c2. Cold trap valve [2]. Wait until the pressure in the
manometer is almost zero.
c3. Hydrogen trap valves [8] and [9]

" ¢4, Counter valve [6].



d. Flush the tube with argon twice. If the previous count was

low (1 or 2 cpm), flushing once is enough.

e, When the pressure in the ménifold is less than 25 ﬁs, place

the liquid nitrogen aroumd the cold trap [17].

f. When the pressure in the manifold is less than 10 ﬁs, pump‘

off the air trapped in the valves.

g. Pump the system with the cold trap for one and a half hours.

h. Close counter valve [6], hydrogen cold trap to manifold [9],

and cold trap valve [2], and evacuate the cold trap by pumping

while heating.

i. Wait until cold trap gets cool [17].

II,‘ Transferring-the’ethylene into—the manifold and freezing-it
in the'cold‘trap.

This is accomplished in the following order:

al. Open the cold trap valve to the manifold [9].

aZ2. When the pressure in the system is less than 10us,
close the Pirani gauge valve [3].

a3. Close the pump valve [1].

b. Ethylene is admitted into the manifold by gradually opening
the valve to the ethylene tank [4] until the right-hand side columm
of the U tube reads 798 mm, and the valve is closed. The pressure
difference between the columns of the manometer is noted.

c. Freeze ethylene in the cold trap [17] by using liquid nitrogen

and wait 2 minutes.

d. Open the pump valve [1] and pump off the impurities for 5

minutes.



e. Check the pressure in the system. If it is lower than 10 Ms,
open the hydrogen cold trap valve to the manifold [9],rand”after a
while opén the counter valve [6] and wait uﬁfil_tﬁe éfésgure drops
below 10 us. |
f. Close Pirani gauge [3], cold trap [2], and pump valve [1]
regpectively, and turn off the pump.
I1I. Transferring the hydrogen into the manifold.

a. Open hydrogen cold trap valves [8] and [9] and charcoal
vélve [7] respectively.

b. Take off liquid nitrogen surrounding the charcoal [18].

¢. Heat charcoal for 5 minutes.

d. Close hydrogen cold trap valves [8] and [9] and charcoal
valve [7] respectively and take the charcoal [18] off.

e. Write down the observed amount 6f hydrogen (Phobs) in mm.
of mercury pressure.
IV. Transferring the argon into the manifold

a. 34 mm. of mercury is admitted by gradual opening of the valve
to the argon tank [5].

b. Write down the amount of the mixture of hydrogen and argon
and calculafe the exact amount of argon.
V. Mixing the gases in the manifold
| a. Replace acetone dry ice bath* with liquid nitrogen.

b. Open cold trap valve [2].

* In order to keep frozen water vapor in the cold trap, if there is
some, and let ethylene into the manifold, acetone dry ice bath is used.
This mixture keeps the cold trap at - 80°C.
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c. Wait 15 minutes.

d. Close cold trap valve [2].

e. Take off acetone dry ice‘bath.

f. Wait one hour and put the power on.

g. Wait half an hour.

5.4.2 Counting

a. Close counter valve [6] and note the temperature of the
counter,

b. Find approximate thresholds and start to count.

c. While counting is going on, write down amounts of mixture
by reading the manometer. This is called observed amount of mixture

®. ).

obs
d. Calculations
Pog = Pnt Pyt 83
Pords Ph, and Pa are calculated pressure of the mixture,
hydrogen, and argon respectively.
83 is the theoretical amount of ethylene in mm. of mercury pressure
which is transferred into the counter.
Hy correction = P . - Pobs':
Phact = Phobs - Hy correction
e. After approximately one hour take the count, find real
thresholds and start to count again. Next count must be taken after
reaching at least 1000 counts in net.

If it is necessary, this count can be repeated several times.

f. After the last count turn off the power.
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5.5 Discussion of counting
Gas counting is much more sensitive that the liquid scintillation
technique, however, an experienced technician is needed to carry out the

counting process.

Two sets of samples were enriched and counted. The results are
given in tables 3 and 4. The B8' values obtained are very low when
compared to Ostlund's results. Although tap water was used to break
the electrodes before unknown samples were run, these low values may

be a result of using new electrodes.
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