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Piezoelectric Transformer Neutron
Generator (PTNG) Neutron Source for
Wel_l_[_,oggi__ng __

Gregory E. Dale

The purpose of this project is to develop a neutron source well-logging tool to replace radioisotope
neutron sources currently used in industry. The new tool is based on a novel Piezoelectric Transformer
Neutron Source {(PTNG) under development at the University of Missouri. LANL will use its experience in
the field of well logging to develop this novel neutron source into a robust tool that will be acceptable to
industry. Also under development is a data tool to aid in the analysis of the well-logging data and
comparison to the historical well-logging record. This presentation reviews the progress on this project

to date.
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Overview




DOT Type A shipping cask for a 5 Ci
AmBe neutron source. 13.5”
diameter, 15” length, weight 90 lbs.

Photograph of an Am-Be neutron
source used in well logging.

=  Neutron sources are used by the oil and gas industry to measure
important properties of the well bore, such as formation porosity,

hydrogen content, and elemental composition.

= 2 AmBe is by far the most common isotopic source used in neutron
well logging. 2°2Cf and 23°PuBe have also been used.

= These well-logging sources can contain in excess of 16 Ci of
radioactive material.
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The PTNG utilizes a field ion desorption source for the creation of ions.
This source benefits from its inherent compact size and lack of
ancillary components such as heaters and ion focusing systems.

We will couple the field ion desorption source to a piezoelectric high-
voltage generator, which is more compact than the traditionally used
methods of high-voltage generation.
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s Piezoelectric materials are able to convert mechanical signals into an
electric potential, and vice versa.

= A piezoelectric transformer is a type of AC voltage multiplier. Unlike a
conventional transformer, which uses magnetic coupling between input
and output, the piezoelectric transformer uses mechanical (vibrational)

coupling.

=  When the applied excitation frequency is equal to the mechanical
resonant frequency of the material, a higher output voltage is generated
across the output section by the piezoelectric effect.
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Sharp tips have higher field enhancement, but rounded tips may
have higher emission area and more uniformity
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Physical Block Diagram

Interface Block Diagram
Functional Flow Block Diagram
Activity Diagram
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We need a porosity tool in the public domain

We chose the Longhorn Nuclear Logging Tool (LNLT) published
by Mendoza et al. from the University of Texas

Tool is kept consistent, no effort to optimize
tool

Things we compared / considered
Limestone/sandstone
Different neutron sources
AmBe, 252Cf, D-D, D-T, T-T

Materials to modify the D-T spectrum
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AmBe 3x106 n/s/Ci 1.87x107 n/s
252(Cf 4.33x10° n/s/Ci 6.7x107 n/s
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Operated by Los Alamos National Security, LLC for the U.S.

LA-UR 11-

Department of Energy’s NNSA

UNCLASSIFIED

Slide 11



252Cf

—— AmBe

_—
—_—
—_—

D-D
T-T

"1in Fe DT'
'2in Fe DT'
'4in Fe DT’
—— "1in DU DT’
'2in DU DT’
'4in DU DT’
"1in Be DT
'2in Be DT’
'4in Be DT

Relative intensity

Neutron Energy (MeV)

Operated by Los Alamos National Security, LLC for the U.S.

Department of Energy’s NNSA UNCLASSIFIED

LA-UR 11-02197




20— - ;
07 'O 252Cf (Epeam=2.1 MeV) &
| O D-D (Epean=2-5 MeV) i
AmBe (E,cn=3.9 MeV)
T-T (Erpean=4-5 MeV)
A D-T (Epean=14.1 MeV) -_
: 'DT wDU_nrm’ :
15 — - v : _
D |
- &
N
E E
i &
(@]
[ =
L 10 0
i 5
=
© (@)
()] I
Z
Q
s o
: o ‘
. : A A
g A it ‘
@ T |
&
0 10 20 30 40 50
Limestone porosity (p.u.)
Operated by Los Alamos National Security, LLC for the U.S. Slide 13

LA-UR 11-02197 Department of Energy’s NNSA

UNCLASSIFIED



1ooo—E o
T O
1l 8

A

AmBe (8 Ci=1.8e7 n/s)

D-D (1e6 n/s)
D-T (1e8 n/s)
T-T (1e6 n/s)
D-T w/DU (1e8 n/s)

252Cf (16 mCi = 6.7e7 n/s)|

10

1 Illllll

Time (s)

0.1 _: : O : A
1: A :
| I

O+

000

-

de

0 10

20

Limestone porosity (p.u.)

30

40

50

Operated by Los Alamos National Security, LLC for the U.S.
LA-UR 11-02197 Department of Energy's NNSA

UNCLASSIFIED

Slide 14



60

s For C/O ratio simulations we used a
tool developed at DOE Grand
Junction since, like the Longhorn
tool, the design is in the public
domain.
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= Shown at right is a cross sectional
view of the DOE Grand Junction tool .
model used to simulate the carbon
to oxygen ratio response for the
different neutron spectra.

-20

-40

-60

-60

-40

-20

20

40

Operated by Los Alamos National Security, LLC for the U.S.

' UNCLASSIFIED
LA-UR 11- Department of Energy's NNSA

Slide 156

60



C/0 inelastic ratio

2.0

O DT water
O DT all
] TT water
O TT oil "
A AmBe water
A AmBe oil
154 | ¥ 252Cf water
v 252Cf oll % g
A
[]
@]
¥ < 2
1.0 —
O
¥ A i
AN
0 O
0.5 -
i é % ) %
O .
O O ® . @
i
0.0 —
I | | [ [ |
0 10 20 30 40 50

Limestone porosity (p.u.)

Operated by Los Alamos National Security, LLC for the U.S.

LA-UR 11-

Department of Energy’s NNSA

UNCLASSIFIED Slide 16



7_
+ AmBe
O 252Cf
O D-T
6 — A T-T
A
5 — YA\
A
£ 4-
£ A
R A
frew]
o
2 5
O
2 — & e
_+_
@)
. i+
O ‘f "
10 +
O m| O O m| O O
| I | | | l
0 10 20 30 40 50

Oil filled limestone (p.u.)

Operated by Los Alamos National Security, LLC for the U.S.

LA-UR 11- Department of Energy’s NNSA

UNCLASSIFIED

Slide 17



= Spectral modification was minimally productive

= T-T appears to be a good substitute for AmBe for neutron porosity

measurements ﬂ
« Neutron yield of a TT device needs to be substantially increased to reduce logging
time.

« Tritium beam issue will be a challenge

= Tool modifications may be worthwhile, such as optimizing detector
spacing.

Operated by Los Alamos National Security, LLC for the U.S. UNCLASSIFIED Slide 18
LA-UR 11-02197 Department of Energy’s NNSA



