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Abstract: The moisture in the insulations is the main reason causing the corrosion on the surfaces of
pipeline systems in the petrochemical and fertilizer plants. Therefore, the moisture inspection is one of
high demands as operation procedure of the plants. Based on the essential demand on the moisture
inspection in insulation, a portable moisture detection system including a He-3 proportion detector and
a Am-Be neutron source has been researched and developed at CANTI in the national project.  The
system can detect the moisture in insulation with Limit of Detection-LOD about 32%, 48%,  63%,
76%, 86%, 90%, 93%, 94% at the oil level 0 cm, 2 cm, 4 cm, 6 cm, 8 cm, 10 cm, 12 cm, 14 cm
respectively.
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I. INTRODUCTION

The pipeline systems in the petrochemical or fertilizer plants need to be maintained at
designated temperatures as a requirement of operation regime by utilization of insulation. However,
the insulation may be moistened during operation by some cases causing the corrosion on the
surfaces of pipelines called Corrosion under Insulation-CUI. The investigation of moisture in
insulation to prevent CUI is an essential demand in the operational procedure of petrochemical or
fertilizer plants.

There are some techniques which can be applied for investigation of moisture in the insulation
such as insulation removal, infrared technique, resistance testing or neutron backscattering
technique in which the neutron backscattering technique is one of popular techniques because of its
sensitivity, portable and online detection.

The neutron backscattering technique includes a radioactive source emitting high-energy
neutrons into the insulation and a thermal neutron detector. Neutrons emitted from radioisotope
sources are energetic particles, with energies up to several MeV. Collectively, such energetic
neutrons are referred to as fast neutrons do not interact with the electric fields of atoms and
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molecules. In addition, because of large mass of neutron compared with that of the electron,
neutrons are insignificant affected by electron collision. The only way in which a fat neutron
passing through material can lose its energy is by direct collision with an atomic nucleus. For fast
neutron, in the range 0.5-11 MeV, it is scattering processes which are responsible for energy loss
and slowing down of the neutrons. Scattering process falls in two categories, inelastic and elastic.
Inelastic scattering could be regarded as a special type of absorption process in which the neutron is
captured by nuclear and reemitted with reduced energy. The energy transferred to the nucleus is
usually emitted as gamma-radiation. For light nuclei, inelastic scattering is far less probable that
elastic scattering. Elastic scattering occurs when total kinetic energy of the nuclear and colliding
neutron remains constant. The neutron is slowed down in the collision and its direction of motion is
changed.

If the neutron energy before collision is denoted by E1 and after collision by E2 it is possible
to show that in a head-on collision, the energy transferred to the nucleus is:

E2/E1= [(A-1)/(A+1)]2 (1)

where:

A is the mass of the nucleus.

From Equation 1, it can be seen that it is possible for a neutron to lose all its kinetic energy in
a head-on collision with a hydrogen nucleus. It is clear that, for reason, the presence of hydrogen is
a major factor in the slowing down of fast neutrons.

If there’s moisture in the insulation, the hydrogen nuclei attenuate the energy of the emitted
neutrons. The inspection instrument’s gauge detector displays a low-energy neutrons count
proportional to the amount of water in the insulation. High counts per time period indicate more
moisture and a higher probability of the present of CUI.

The main contents of the project:

- Development of an electronic system to record the signals from the He-3 detector;

- Conduction of experiments for evaluation of characteristics of developed moisture
detection system.

II. DEVELOPMENT OF AN ELECTRONIC SYSTEM TO RECEIVE THE SIGNALS
FROM THE He-3 DETECTOR

The signals from He-3 detector, model LND 252, manufactured by LND INC is about 5
millivolt. To receive the signals of thermal neutrons, a suitable preamplifier has been developed by
using the transistors and capacities. The preamplifier developed in this project can multiply the
signals to 10 times and reduce the noises from high voltage platform and noises from detector.

The signals from the preamplifier are magnified afterward by amplifier platform which has
been developed mainly for amplifying the signals. The amplifier has been designed in two parts.
The fist part has been assigned for reducing the noises produced by temperature during operation.
The signals from preamplifier have been magnified to 5 Volt at the second part of amplifier
platform.
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Figure 1: The signals from the
preamplifier

Figure 2: The signals from the amplifier

The signals from amplifier will be discriminated by the threshold block and transformed into
5 Volt TTL signals afterward. The TTL signals will be counted at the counting block which is
designed based on the Arduino Mega 2560.

Figure 3: The signals from threshold block

The counter, data processer, displayer and controller have been developed based on the
Arduino Mega 2560. The digital signals can be processed and displayed on the LCD displayer by a
code developed in the Arduino. The operator can get the information of backscattered neutron,
amount of moisture in insulation on the displayer by operating the controller.

Figure 4: The Arduino Mega 2560, displayer and controller.

III. CONDUCTION OF EXPERIMENTS FOR EVALUATION OF
CHARACTERISTICS OF MOISTURE DETECTION SYSTEM

The Rockwool which is used widely as insulation in the petrochemical and fertilizer plants
has a main component of Na2O, CaO, MgO, BaO and polyethylene. Its density is about 1.25 g/cm3. The
Rockwool insulation was cut to size of 25 x 40 x 25 (cm) and moistened by submersion in the water.

The percent of moisture in the Rockwool insulation is calculated by following formula:
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(2)

where:

%ma: Percent of moisture in the insulation;

m0: Amount of dry insulation (g);

m1: Amount of wet insualtion (g).

The insulation was wetted with the range of wet from 50%-650% with step 50%.

Figure 5: The dry insualtion Figure 6: The wet insulation

The portable neutron backscattering system for investigation of moisture in the insulation includes a
He-3 detector and 1 Ci Am-Be neutron source. The signals from thermal neutron in the He-3 will be
recorded by electrical system developed in the project.

Figure 7: The portable neutron backscattering system Figure 8: Neutron source

The experiment for evaluation of the saturation values and LOD of moisture in the insulation was
conducted at oil level 0-14 cm. At each oil level, the count of neutron backscattered was recorded at
different percent of moisture in the insulation.

The count of backscattered neutron versus percent of moisture in the insulation can be fitted by the
following formula:

I=I0*(1-e-µ*x) (3)

where:

I0: Incident neutron (cps);

I: Backscattered neutron at detector (cps);

x: percent of moisture in insulation (%);

µ: attenuation coefficient.
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Figure 9: The backscattered thermal
neutron versus moisture percent at 0 cm of

oil level

Figure 10: The backscattered thermal
neutron versus moisture percent at 2 cm of

oil level

Figure 11: The backscattered thermal
neutron versus moisture percent at 4 cm of

oil level

Figure 12: The backscattered thermal
neutron versus moisture percent at 6 cm of

oil level

Figure 13: The backscattered thermal
neutron versus moisture percent at 8 cm of

oil level

Figure 14: The backscattered thermal
neutron versus moisture percent at 10 cm

of oil level
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Figure 15: The backscattered thermal
neutron versus moisture percent at 12 cm

of oil level

Figure 16: The backscattered thermal
neutron versus moisture percent at 14 cm

of oil level

The parameters of function of backscattered neutron count versus percent of moisture in the
insulation fitted by Eq. 3 for each level of oil are shown in the Table 1 below.

Table 1: The parameters of the function of neutron backscattered
versus moisture percent at each oil level

Oil level (cm) I0 Error µ Error Background Error

0 30709.01 ±16699.71 0.16 ±0.01 1302.56 ±52.10

2 44865.02 ±1068.91 0.33 ±0.02 6107.34 ±305.37

4 49333.07 ±654.56 0.47 ±0.02 11905.67 ±476.23

6 50933.04 ±583.20 0.57 ±0.02 16976.98 ±848.85

8 51295.08 ±388.97 0.60 ±0.01 19622.83 ±981.14

10 51972.00 ±328.98 0.63 ±0.01 21616.64 ±864.67

12 52070.09 ±378.61 0.63 ±0.02 22168.12 ±1108.41

14 52115.07 ±314.78 0.64 ±0.01 22565.93 ±1128.30

From the function of backscattered neutron versus percent of moisture in the insulation, the
saturation values and LOD at each level of oil can be determined and shown in the Table 2 below:

Table 2: Saturation values and LOD at each oil level

Oil level (cm) Saturation
values (100%)

Error of saturation
value (100%)

LOD (100%) Error of LOD
(100%)

0 25.48 ±1.53 0.32 ±0.02

2 12.92 ±1.03 0.48 ±0.02

4 9.17 ±0.55 0.63 ±0.03

6 7.65 ±0.38 0.76 ±0.04

8 7.23 ±0.36 0.86 ±0.03
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10 6.87 ±0.41 0.90 ±0.04

12 6.86 ±0.48 0.93 ±0.05

14 6.80 ±0.54 0.94 ±0.03

COMMENTS:

- The saturation values of moisture at oil levels 0 cm, 2 cm, 4 cm, 6 cm, 8 cm, 10 cm, 12 cm, 14
cm are 2548%, 1292%, 917%, 765%, 723%, 687%, 686%, 680% respectively;

- The LOD at the oil levels 0 cm, 2 cm, 4 cm, 6 cm, 8 cm, 10 cm, 12 cm, 14 cm are 32%, 48%,
63%, 76%, 86%, 90%, 93%, 94% respectively.

IV. CONCLUSIONS

- Based on the function of count of backscattered neutron versus moisture percent, the moisture
percent in the insulation in the real cases can be estimated;

- The saturation values for each oil level were estimated. This value belong to the oil level such as
2548%, 1292%, 917%, 765%, 723%, 687%, 686%, 680% for oil level at 0 cm, 2 cm, 4 cm, 6 cm, 8 cm,
10 cm, 12 cm, 14 cm respectively;

- The LOD for each oil level can be determined such as 32%, 48%, 63%, 76%, 86%, 90%, 93%,
94% for oil level at 0 cm, 2 cm, 4 cm, 6 cm, 8 cm, 10 cm, 12 cm, 14 cm respectively.
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