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Background
The opportunity for Non-intrusive 
Inspection (NII) was brought about, 
at least in part, by the widespread 
implementation of Risk-based 
Inspection in Santos.

Previously major outages were driven by 
prescriptive requirements for internal 
inspections of pressure vessels every 
four years (for most vessels). After 
Risk-based Inspection was implemented, 
the internal inspection intervals 
were extended for many vessels, but 
there were a few remaining items still 
requiring internal inspection every four 
years. In particular, flare drums required 
shorter inspection intervals due to 
the greater variability in their service 
conditions and the modelled corrosion 
rates. Therefore the driver for Non-
intrusive Inspection was to avoid costly 
plant shutdowns which were otherwise 
driven by a very few, or in some cases, a 
single vessel. This made Non-intrusive 
Inspection a cost effective option. 

Non-intrusive Inspection
The commonly accepted definition 
of Non-intrusive Inspection is an 
inspection to determine the internal 
condition of the equipment without 
having to open the equipment. 

In practical terms the process uses 
conventional Non-destructive Testing 
with a detailed and planned scope, 
aiming to achieve an understanding of 
the internal condition which is at least 
equivalent to an internal inspection. 
The use of Non-intrusive Inspection 
is allowable within the applicable 
Australian/New Zealand Standard, 
which is AS/NZS 3788 – 2006, Pressure 
Equipment – In-service Inspection. 
The decision was made early on to 
employ a specialist inspection provider, 
with experience in scoping and 
execution of Non-intrusive Inspection. 
The inspections were carried out 
by Sonomatic Limited, a pioneer of 
the technique in the North Sea, in 
partnership with Bureau Veritas.

In this pilot study, the main Non-
destructive methods used were 
Ultrasonic Testing (UT), including 
ultrasonic corrosion mapping, 
Radiographic Testing (RT) and Time 
of Flight Diffraction Ultrasonics 
(TOFD). The Time of Flight technique 
was used to inspect for weld defects. 
The actual techniques used and the 
coverage required, for each particular 
inspection, would be a function of the 
identified degradation mechanisms for 
that equipment.

Local Factors Favouring 
Non-intrusive Inspection
  An extensive and detailed 
inspection history, extending 
for almost 30 years

  An established Risk-based Inspection 
programme, with well-understood 
corrosion rate models

  The dominance of CO2 corrosion as a 
degradation mechanism, where Non-
destructive Testing methods are well 
established, with a high probability of 
detection of defects and underlying 
corrosion problems

  Existing corrosion models which 
indicated that corrosion was either 
slow or not anticipated, and hence 
there was a high probability that 
inspection would serve to validate 
the predictions, rather than one 
which identified a need for 
remedial actions

Vessel Selection
Vessels were initially short listed on 
the basis of the next due inspection 
date. Due dates in the 2011-2015 date 
range were targeted. Eight vessels were 
selected, as shown in Table 1.

Use of Non-intrusive Inspection 
in Onshore Gas Facilities: 
A Pilot Study
In 2011, a pilot program of Non-intrusive Inspections was conducted, covering a total 

of eight vessels in the Moomba gas processing plant and in surrounding field areas. 

Location Vessel Driver for Non-intrusive Inspection

Moomba Plant

Flare Vessel Avoid total outage

Gas slugcatcher Difficult inspection geometry

3-phase separator Simplifying shutdown scope

Amine Absorber Avoid major outage

Merrimelia satellite (field) Flare Vessel
Avoid major outage 
Removing confined space entry from 
field outage (improved safety)

Della satellite (field)
Inlet separators (2 of) Removing confined space entry from 

field outage (improved safety)3-phase separator

Table 1. Vessels selected for Non-Intrusive Inspection in Santos
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From the table, it can be seen that the 
judicious application of Non-intrusive 
Inspection can avoid or defer major 
outages which would otherwise have 
significant impacts on production. An 
important driver in the field areas is 
the issue of the safety of confined space 
inspections, as a confined space entry in 
a remote site requires additional rescue 
personnel on standby.

Planning for Non-intrusive 
Inspection
The planning required for this type 
of inspection commenced well before 
the inspection date; the minimum 
practical planning time was about 
three months. Planning was in two 
stages: a desktop review and an on-
site evaluation. The desktop review 
included a review of the inspection 
histories and the existing Risk-based 
Inspection model outputs. 

The on-site evaluation was a job walk 
through. This included identifying the 
physical access, where scaffolding or 
rope access was required and where 
insulation needed to be removed. At 
the end of the on-site evaluation, a 
written inspection scope was produced 

which included a formal evaluation of 
whether Non-intrusive Inspection was 
feasible for the vessel. 

Execution
Advance preparations included 
scaffolding and the mobilising of 
equipment and technicians to site. A 
combination of rope and scaffold access 
was used, for the onsite inspections. 
Scaffolds were completed at least two 
weeks prior to the start of works. Each 
of the specialist inspection technicians 
were paired with an onsite technician. 
This not only leveraged the advanced 
Non-destructive Testing skills, but 
also expedited the start of the work by 
including personnel already familiar 
with the site. An additional Sonomatic 
technician was supplied to site for the 
purposes of data collation for forwarding 
to the engineering team. This allowed 
for timely review of the data collected 
by off site engineers, so that anomalies 
could be identified and additional 
testing expedited, while access was 
available and the equipment and 
technicians were still on site.

Selected photographs from the 
inspections are shown in Figures 1 – 4.

Project Results
In all cases the required inspection 
interval was achieved. As expected, 
no immediate concerns were noted 
from the inspections; this meant 
that no intrusive inspection activities 
were required before the next 
inspection. The total project cost was 
approximately $1.8 M (covering eight 
process gas vessels), or an average 
of $225 K per vessel. The estimated 
savings were $10 - 13M, over 5 years. 
The savings were mostly attributed 
to delay of outages and in one case 
delaying a total plant outage. In terms 
of direct inspection costs, the Non-
intrusive Inspection was about twice 
that of conventional intrusive visual 
inspection, for a simple vessel. For 
a reasonably large vessel, of simple 
construction (such as a flare drum), 
the duration of the work was about ten 
shifts (of ten hours each), for a team of 
two technicians. 

E. Jones, Bureau Veritas Asset Integrity 
and Reliability Services Pty Ltd 
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Figure 1. Amine absorber, with 
scaffolding in place on lower 
strakes and dome to allow 
Non-intrusive Inspection.

Figure 2. Ultrasonic corrosion 
mapping on amine absorber, 
using rope access.

Figure 3. Inspection of gas 
plant flare drum.

Figure 4. Weld inspection of 
gas plant flare drum, using 
Time of Flight Diffraction 
Ultrasonics.

Resource Non-intrusive Inspection Conventional Intrusive Inspection (Confined Space Entry)

Scaffolding More extensive; needs to 
cover most of shell

Some required to access the vessel manway. Additional internal 
staging may be required to reach internal features

Cleaning
May be needed to make 
external surface suitable for 
Ultrasonic Thickness Testing

Extensive pressure cleaning to make safe for vessel entry with safe 
removal of sludge. Gas testing required for safe entry

Water
Low flow clean water needed 
as a couplant for Ultrasonic 
Thickness Testing

Potable water needed for high pressure cleaning

Maintenance labour 
requirements e.g. fitters

Minimal (except if insulation 
removal required) Extensive for vessel opening

Permits
Normal hot work permits 
A confined space entry may 
be required for vessel skirts

Normal hot work permits 
Confined space entry permit, risk assessment, rescue plan

Process operations labour Permits only (timing more 
flexible)

Requires preparation of blinding lists and taking vessels off line. 
Adds to peak labour requirements during turnarounds.

Table 2. Compares the activities required to support conventional and Non-intrusive Inspections.


