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I. PRIMARY RESULTS

ACKNOWLEDGMENT

The opportunities provided with the method of SIMS analysis are utilized in the device
designed by authors to clarify the characteristic properties of mechanically stimulated
dissolution process and to facilitate further research and development of a gas-main
pipeline pipe protection against hydrogen dissolution and hydrogen illness of oil and gas
pipelines
.

The authors want to express their heartfelt gratitude
to Ministry of Science and Education of Russian Federation  for support and kind
assistance  in Contract П24-21 in work on this paper and to engineer E Tkacheva for her
fine experimental results.

“ ”

The right parts of the same graphs correspond to the hydrogen concentration after its
penetration after service period on the distance  x=0,1- 20 mm  from the inner surface of
the pipe line tube.

The Fig.3 shows, the quantative results of the
hydrogen concentration distributions  in the
elements of  the sample at different  distances

x, from inner tube s wall which symbols
correspond to Fig.1 and 2. All graphs of the
CH concentration distributions at the depth x=0-
0,5mic. (left parts of the graphs) show the
distribution rise to  x=0  becouse the  hydrogen
increased dissolution in the near surface
material of the elements at the process of
original sample cutting process into elements .
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Fig. 3 The experimen6tal results of the hydrogen concentration
distributions into the different elements of the sample after it s
cutting into elements after 20 years service period of the pipe line
tube. Element s symbols correspond to the Fig1 and 2 symbols.
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The Fig.2 shows, that the theoretically hydrogen
concentration in the sample №1 after 20 year
period of the tube work close to the original
hydrogen concentration CsurfH in the material of
the pipe tube. From the another side Fig.2 shows,
that the hydrogen concentration in the sample №
4 after 20 year service according equation(1)
must be increased more then 300 times, because
of distance x close to 0.

x, мм

Fig. 2. The grapth of the theoretically calculated hydrogen
concentration distribution in the tube wall according equation (1)
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, where CH is a hydrogen concentration through the wall
thickness   CsurfH is a hydrogen original concentration

on the work surface of the pipe wall  Ci is an initial hydrogen concentration in the metal
lattice; D is a diffusion constant; x is a distance from the surface of the pipe wall; t is
operating time.

;
;

___________________________

The collected data show, that the hydrogen
concentration varies in different samples of the
pipe wall.
The sample element number  being cutted from
the original sample, Fig.1  corresponds to the
surface distanse from the inner tube wall being
contacting with the moving gas flow ( 4-near
inner tube wall, 1- near outer tube wall).
The measured hydrogen concentration would
satisfy the analytical expression (1):

Fig. 1. A layout for cutting the original sample into elements for
SIMS analysis. Element numbers increase starting from the outer
surface of the pipe.
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Abstract

I. INTRODUCTION

II. BASICS OF THE METHOD

Methodology Aspects

The presented diagnosing method of non-destructive arterial pipe lines is based on
SIMS analysis usage that  experimentally  allows to detect  the dissolved hydrogen
concentration increasing
at a depth of 1 … 20 mm in the pipe wall after any period of operation. The
hydrogen is being dissolved in the pipe wall from a gas flow component in result of
friction process on nano scale level.

It was presumed, that the gas flow is accompanied with a process of gas dissolution
in a pipe wall material of a gas-main pipeline, according to the theory [1]. It was
experimentally shown with SIMS analysis [6], that the concentration of dissolved
hydrogen increases in 100 … 300 times at a depth of 1 … 20 mm after 20 year of
pipeline operation due to this process.
The presented paper is devoted to the new method of gas-main pipeline diagnosis.
Other methods used at present time include the following:
1) an ultrasonic flaw detection [8];
2) a method of electromagnetic acoustic analysis of a pipe wall material [4];
3) a method of electrometric inspection of pipe material [10];
4) a method of radiographic flaw inspection of a pipe wall [9];
5) methods of radiographic, chemical and spectral analysis of a pipe wall material
[5, 11].
All methods listed in clauses 1 through 4 are nondestructive diagnostic techniques,
and meet the requirements to diagnostic method. Though interpretation of diagnosis
results remains to be a complex problem as before. But we have showed, that
results of SIMS analysis can be used to predict a gas-main pipeline destruction
caused by hydrogen illness. Hydrogen dissolution in the wall of the gas pipeline is
caused by dry wall friction
of the gas traveling near the surface of the pipe wall [1, 2, 7]. The gas flow allows
making an adequate estimate of hydrogen dissolution in a material of pipeline wall
[6]
.

The purpose of this work is study of corrosive and “hydrogen illness” of gas-main
pipeline pipes. The experiments implemented using “CAMECA-4” installation show,
that the developed method of pipe protection can limit hydrogen and deuterium
dissolution. The theoretical treatment of hydrogen (deuterium) dissolution process is
based on the idea, that it is similar to penetration
of these gases via metal surfaces caused by dry wall friction of the gas flow [8].

An “in-situ” method of study of H and D dissolution in the pipe walls is discussed
taking into account the significance of the gas-main pipe life cycle diagnosis
problem. SIMS method provides opportunities that can be utilized in the proposed
device.
It is well known [3], that SIMS analysis allows taking measurements of
concentration of dissolved gases including H2 and D2 with the accuracy of about
0.0001%, …
The method of SIMS analysis helped the author before to predict [1] and then
discover [2, 7] the role of dry friction in the process of hydrogen dissolution that
raised the hydrogen concentration in steel up to catastrophically high level.
The aims of the proposed method are following:
1) application of the high-accuracy SIMS method to analysis of the dissolved gases;

… …

pipe wall;
3) implementing a nondestructive inspection with the invented diagnostic technique;
4) ensuring reliability of scheduled nondestructive inspections of a gas-main
pipeline implemented every 1-3 months;
5) creating an opportunity for a nondestructive inspection of gas-main pipelines in
the zones, where the pipe condition is analyzed by pipe wall samples cut from a
typical pipeline operated at the same conditions. Such zones correspond to pump
stations where the samples are cut during routine maintenance;
6) conversion of the qualitative results of SIMS analysis into quantative values.
The following technique of the invented diagnostic method was designated to meet
the above listed requirements:
1) a representative sample of the pipe is chosen to ensure reliability of SIMS
analysis of the pipe wall material;
2) the original sample is cut into “elements” for SIMS analysis according to a layout
shown in Fig. 1. The proposed layout takes into account difference between the
depth of SIMS analysis (x1 = 1 … x2 = 1
… 30 mm);
3) the results of SIMS analysis are converted from qualitative form into quantative
values by means of ion implantation of H and D in analyzed samples;
4) the analyses are implemented periodically to accumulate empirical data about
diffusion of hydrogen into the gas-main pipeline pipe wall material.

A. Theoretical Footing

at a depth down to 1 10 μm.

2) overcoming 1 10 μm limitation of depth of the SIMS method and ensuring 1
30 mm depth SIMS analysis
of a

10 μm) and the thickness of the pipe wall (
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