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Isotope
H

alf-life
M

ain energy 
(M

eV
)

C
hem

ical form
T

racing of phase

Sodium
-24

15 h
γ: 1.37 (100%

)
2.75 (100%

)
S

odiu
m

 carbon
ate

A
qu

eou
s ph

ase

B
rom

ine-82
36 h

γ: 0.55 (70%
)

1.32 (27%
)

A
m

m
on

iu
m

 brom
ide,

p-dibrom
ben

zen
e, 

D
ibrom

biph
en

yl
C

H
3

B
r

A
qu

eou
s ph

ase
O

rgan
ic ph

ase
O

rgan
ic ph

ase
G

as ph
ase

G
old-198

2.7 d
γ: 0.41 (99%

) 
C

h
loroau

ric acid
S

olids /aqu
eou

s 
ph

ases
Lanthan-

140
40 h

γ: 1.60
La

2 O
3

S
olid ph

ase
Iodine-131 

8.04 d
γ: 0.36 (80%

)
0.64 (9%

)
K

I &
 N

aI,
Iodoben

zen
e

A
qu

eou
s ph

ase
O

rgan
ic ph

ase
Iodine-123

13 h
γ: 0.159 

K
I &

 N
aI,

Iodoben
zen

e
A

qu
eou

s ph
ase

O
rgan

ic ph
ase

99mT
c from

 
99M

o/
99mT

c 
generator

6 h
γ: 0.14 (90%

) 
S

odiu
m

 pertech
n

etate 
(TcO

4 -)
A

qu
eou

s ph
ase

137mB
a from

 
137C

s/
137mB

a 
generator

2.55 m
in

γ: 0.661
137mB

aC
l3

A
qu

eou
s ph

ase

113mIn from
 

113Sn / 113mIn 
generator

99.5 m
in

γ: 0.392
113mIn

C
l3

113mIn
-E

D
TA

S
olid ph

ase

A
qu

eou
s ph

ase
68G

a from
68G

e/
68G

a
generator

68.3 m
in

γ: 1.08
68G

aC
l3

68G
a-E

D
TA

S
olid ph

ase
A

qu
eou

s ph
ase

X
enon-133

5.27 d
γ: 0.08 (100%

)
X

en
on

G
as ph

ase
K

rypton-79
35 h

γ: 0.51 (15%
)

K
rypton

G
as ph

ase
A

rgon-41
110 m

in
γ: 1.29 (99%

)
A

rgon
G

as ph
ase



G
enerator principles 

M
other radionuclide

D
aughter

radionuclide

G
enerator

colum
n

R
adiation

lead shield

99mTc is eluted as an 
anion TcO

4 -

(perthecnetate)



D
ata acquisition system

 and N
aI(T

l) detectors for 
R

esidence T
im

e D
istribution (R

T
D

) m
easurem

ent



Experim
ental points and final experim

ental RTD
 curve



D
ata acquisition

Background correction

Radioactive decay correction

Background rise correction

Re-sam
pling

Data extrapolation

Area norm
ation

M
om

ent analysis&
RTD

 m
odelling …
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Background correction

B
ackground radiation level that exists (constant value) 

Independently of the tracer experim
ent
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Tools: spreadsheet, …



Radioactive decay correction
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Tools: spreadsheet, Peakfit, D
TSPro

…



Background rise correction
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Tools: Peakfit, D
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M
ain reason: Shift in baseline is due to 

radiotracer accum
ulation in the 

neighbourhood of the detector



R
TD

 Experim
ental curve and its sm

oothing



D
ata extrapolation

Q
uantity

W
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W
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T
ypical real m

odels
Perfect m

ixers in series, axially-
dispersed plug flow

 and oth
er 

com
binations 

RTD
 m

odellin
g: 

Ideal m
odels: 

plug flow
 and perfect m

ixer



E
xperim

ental R
T

D
 curves for perfect m

ixers  in series



R
T

D
 softw

are

C
onsidering a system

 with an inlet and an outlet, represented 
by a m

odel: 
 

System
M

odel H(t)
Inlet
E(t)

O
utlet

E*H(t)
System

M
odel H(t)

Inlet
E(t)

O
utlet

E*H(t)
 

 
Figure 1: Basic configuration 

 the R
TD

 software basically does two things: 
 o calculate the response E*H

(t) of the m
odel to a given signal E(t); 

H
(t) being the im

pulse response of the m
odel and * the 

convolution operation; 
o if the actual response of the system

, S(t), has been m
easured, 

optim
ise the param

eters of the m
odel so that E*H

(t) is as close 
as possible to S(t). 



R
T

D
softw

are
needs

th
ree

th
ings

to
be

specified:
o

th
e

signal
at

th
e

inlet,
E

(t),
o

th
e

signal
m

easured
at

th
e

outlet,
S

(t),
o

th
e

m
odel

and
th

e
value

of
its

param
eters.

A
ll

th
is

is
done

w
ith

th
e

S
etup

item
of

th
e

m
enu.

T
h

ere
are

tw
o

ch
oices

for
th

e
inlet

signal:

D
efining

the
inlet

signal:
o

A
D

irac
delta

function,
corresponding

to
a

very
short

tracer
injection,

o
data

that
in

stored
in

a
file

(D
ata

from
file).

In
this

case,
the

usual
dialog

box
appears

to
let

the
user

specify
w

here
the

file
is:

R
T

D
 softw

are: 
D

ata input –
Preparing the calculation



RTD
 softw

are

D
ialog box for the 

selection of the m
odel



The graphs show
:

inlet signal E(t), 
outlet signal S(t), 
m

odel response E*H(t) and 
m

odel im
pulse response H(t). 

O
ptim

al values of the 
param

eters of the perfect m
ixers 

in series m
odel:

-M
RT =

 0.77 s
-N

um
ber of perfect m

ixers in 
serties: J =

 657 , it m
eans the 

flow
 w

ithin the pipeline m
oves 

as plug (piston) flow
 m

odel.

The“goodness
of fit” criterion, 

the sum
 of the square of errors 

over the num
ber of points=

 
0.0125, good fitness.

Residence tim
e distribution (RTD

) 
betw

een tw
o section of the pipeline.



Training and certification
(Laboratory flow

 rig in Seibersdorfs) 



T
racer tests in flow

 rig:
Flow

rate
in

th
e

vessel:
Q

=
6

Lpm
Volum

e
of

th
e

vessel
(th

ree
com

partm
ents,

N
=3):

V
=

39
L

M
R

T
th

=
V/Q

=
39

/
6

=
390

s

M
odel:

Perfect
m

ixers
in

series
N

otgood
fitting:

M
R

T
exp

=
422

s???
>

M
R

T
th

N
um

ber
of

tank
s

in
series:

N
=

2
(out

of
3

real
m

ixers)

M
odel:

Perfect
m

ixers
in

series
w

ith
backm

ixing
G

ood
fitting:

M
R

T
=

381
s

N
um

ber
of

tank
s

in
series:

N
=

2.3
(out

of
3

m
ixers)

T
im

e
of

exch
ange=

272
s

C
oeficient

of
exch

ange
w

ith
stagnant

zone:
k

exch
=

19%



T
est 1, W

ith
out m

ixers:
-long tail of experim

ental 
R

T
D

 curve
-not good fitting 
M

R
T

exp= 268 s, 
N

=1.5 (out of 3 real 
m

ixers)

T
est 2, W

ith
 m

ixers:
-

N
orm

al curve
-

G
ood fitting

M
R

T
exp= 187s, 

N
=2.6 (out of 3 real 

m
ixers)

Role of m
ixers in the RTD

 m
odel of the flow

 rig tank



G
as flow

 distribution in a SO
2

-
oxidation industrial reactor 

C
onclusion: G

as flow
 distribution 

device w
as situated in close 

proxim
ity to surface of first 

catalytic bed causing separation 
of entering gas flow

 into tw
o 

zones, annular one and central.

Problem
: A

 reactor for H
2 S

O
4

production 
h

aving four catalytic beds and th
ree 

internal h
eat exch

angers gave a low
 S

O
2

-
conversion of 90%

instead of 95%
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V

E
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T
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F W
A

ST
E

W
A

T
E

R
 C

H
LO

R
IN

A
T

E
 PR

O
C

E
SS

C
h

lorine reactor consisted of 
tw

o cylindrical reservoirs 
connected in series w

ith
 

volum
es of 

V1 = 925 m
3 and V2 = 1625 

m
3 

Problem
: low

 
efficiency of 
w

astew
ater 

ch
lorinate process



E
xperim

ental R
T

D
 curves of 58C

oO
 and 

58C
oS

 at outlet of sh
aft furnace:

1 –
58C

oO
, 2-58C

oS
, 

3-m
odel tank

s in series N
=3.2

E
xperim

ental R
T

D
 curves at 

outlet of settling tank
 

(1 –
58C

oO
, 2

-58C
oS

, 
3-by-pass m

odel) 

C
onclusion: 

20%
 of th

e volum
e of 

settling tank
 w

as block
ed 

by solidified m
aterial. 

IN
VESTIG
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ELTIN
G
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CESS


