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On d_emqnds....

e Short-lived radioactively labeled tracers for liquid
and solid phases at remote locations

e How to generate short-lived radionuclides?
» Nuclear reactors - cannot be moved!
» Particle accelerators — cannot be moved!

» Isotopic/isotropic neutron sources —can be moved but not
turned off!

e Are there other solutions?

IF2

24-28.04.2017 TorBjgrnstad °




Radiotracer generator principle
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Principle of a neutron generator

Sealed-tube neutron generator:
The principle of a neutron generator is illustrated below:

lon source Deuterium TorD(inTi)
gas target

Deuterium accelerated against trititum or deuterium gives the reactions:

D+ T — “He + n(14.1 MeV)

D + D > 3He + n (2.5 MeV)
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QUARTZ

CHAMBER PLASMA

N fLEcTRODE - Sealed tube
| neutron
generator
MAGNETS
TARGET ANTENNA
Berkeley design
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Compact Spherical Neutron Generator, °
IB-1675, Berkeley design

RF antenna
Advantages: Target electrode
e High
brightness

e \Works like a
point source

Chamber cooling

Vacuum
chamber

e High Flux
e High neutron
field Magnet
e Safe D-D
reactions Perforated extrac- High-voltage

tion electrode feed-through
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World’s smallest neutron generator-

The Sandia Laboratories’ Neutristor
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Negativevoltage A lon'source

Positivevoltage

Drift region
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Neutron generators (D-D and D-T)  °

* Neutron Energy : 14 MeV (DT) or
2.5MeV (DD)

+ * Neutronyield : up to 10° n/s/4mrsr
(DT) or 108 n/s/4trsr (DD)

* Typical tube lifetime at 2-10°
n/s/4trsr (DT) : 4000 hour

. : ,"' > / e d .
r , I-'
SODERN sealed \\

tube

SODERN

* Neutron Energy: 14 MeV (2.5 Sealed tube
MeV for D-D)

 Neutron yield: up to 2-108 n/s
(2.10% n/s for D-D)

* Typical tube lifetime: 4000
working hours (for 108 n/s)
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Various reactions with «fast» particles

Target
(n,2n) Nuclide (n ,y)
(n,n’)

Proton number Z

Neutron number N
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Off-line fast neutron activation — on-line mount. ®

Piston
Neutron  cylinder Aqueous/
generator acidic sol.
1  solid activable
-'-"- D
compound
Complexing N i
chemistr s _
Y ) Radiotracer
) injection
O () ¢ ()
i' ® ()
- Flowline . #
() ()
@ > @
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Off-line thermal NA on-line mount. °

Moderator
Neutron Displacing
generator fluid
Solution of activ-
able compound
Complexing
chemistry

Radiotracer
injection
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Neutron flux multiplication by
- moderator optimization ?

Compound generating

Metal with high (n,2n) high-energy y-rays

reaction cross section

Deuterium or
‘Be compounds

Neutron generator

Moderator

Solution of target
Neutron reflector material
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Off-line fast or thermal NA — off-line mount. .

o Solutig? of
activable
Thermal
compound neutrons

Complexation
chemistry

|

Moderator
Neutron
generator Fast or
thermal
neutrons

«— Complexation chemistry

v

e A

Solids dissolution

T T T T T T
:';-.-.-;-;-.-.l-.l-f-.l-.l-

e e,

[

Solid activable compound
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| In-flo_v_y qut «puls_e» NA — on-[_ing_ _mount_.“l

Neutron
generator, Lead Gamma
pulse irradi- collimator detector

ation

---------
P

In-situ generation
of radiotracer from
matrix elements

Example - irradiation of water: 10 + nyyyey = ®N (7.13 s)

icars 2017 JTE
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In-line tracer generation by activation of
injected non-radioactive compound
Neutron
generator,
continuous
Piston irradiation Lead Gamma
cylinder Activable collimator detector

tracer

Flowlina Flowlirls

Pulse injection of In-situ generation Radiotracer
non-radioactive but of radiotracerin pulse detection
activable compound the injected pulse
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On-line PGNA of injected non-radioactive
| «tracer» compound |
Neutron
< Benerator,
_ continuous
Piston irradiation
cylinder «Activable»
tracercompound Lead
collimator

I

Gamma

. detector
Pulse injection of non- Prompt gamma
radioactive compound generation D-D
with high interaction
cross section and

D-T
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On line detection of injected non-radioactive
«tracer» compound by neutron transmission

Neutron
Piston genf.rator,
cylinder _con |_nu.ous
Tracer irradiation

compound
with higho

Flowlin=

Injection of non-
radioactivetracer
compound high thermal
cross section
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On-line detection of injected non-radioactive
«tracer» compound by activation foil method

Piston

cylinder =
y Tracer compound

Cross section

S

foil

Pulse injection of non-
radioactive compound
with high absorption
cross section

with high absorption

Activation

Neutron
generator,
continuous
irradiation

—

Lead
collimator

I

Activation and
delayed or prompt
gamma generation
from the foil

Gamma
detector
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— Off-line activation of»

Pulse injection of non-

“— radioactive but a:jctivathe i activable «tracer»
t ith hi .
1 activationcrosssection . compound with off-
line sampling
Continuous injection of non- I
radioactive but activable _
tracer compound with high Sampling
activation cross section
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Gamma spectroscopy ®

Off-line activation of
collected activable Irradiated Gamma ray

I
«tracer» compound sampie -
ea
collimator
'
Off-line, on site
neutron ‘
irradiation (NAA) Satmr?a
etector

Liquid scintillation counting ()

Neutron

generator,

.con(’;l.nu.ous Liquid scintillation
Irradiation cocktail with beta

counting sample
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Summing up

* Availability of small transportable neutron generators makes
possible, in principle, RTD experiments to be carried out on
«remote» locations

* A number of methods are possible, as outlined in the previous
picture frames.

* None of these sketched methods have, as of yet, been properly
examined and developed.

* A major obstacle for further method development and general
dissemination is probably the up-front investment cost.

* Major laboratories, supported by IAEA, should possibly lead the
way and propose the most affordable and flexible combination
of instrumentation and basic method(s). CRP?
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