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PREFACE

The extraction of offshore oil and gas deposits has resulted in
installation of massive steel and concrete platforms in progressively
deeper and more hostile waters. Concern for the safety of platform
personnel, potential damage to the environment, and the assurance of
profitable, unimpeded, extraction of these offshore resources is a concern
of host-country governments and the offshore operators.

Requirements for underwater inspection of these structures and the
techniques and tools to conduct such inspection vary widely from
country-to-country. In some instances periodic inspection is required
by law; in other instances there is no requirement whatever once the
structure has been installed. The instruments to conduct underwater
ingpections also vary; . their effectiveness is sometimes questiocnable,
and the cost of underwater inspection to the operator (which will
eventually be borne by the consumer) is high and will get higher as
the water depth and complexity of the structure increases.

The purpose of this six month study was: 1) to identify and describe
all actual or potential underwater inspection requirements (national
and international) for fixed concrete and steel structures promul-
gated by the governments of offshore oil and gas producing countries
and by the offshore operators themselves; 2) to identify and assess
the state-of-the-art in underwater non-destructive testing/monitoring/
inspection of offshore structures; 3) to evaluate the capability of
servicing and hardware producers to meet the inspection reguirements
identified; and 4) to describe and establish Priorities for specific
tasks for technology development that should be undertaken to satisfy
current and future requirements. While this study concentrates on
fixed offshore oil and gas structures, the results also reflect the
state~of-the~art in underwater inspection/testing for other offshore
structures as well, e.g., floating power platforms; offshore terminals
and deepwater ports.

The data for this study were collected in three stages. First, an
intensive literature review was conducted to initially identify those
organizations and governments active in projects related to the study
goals (the results of this literature survey are presented in Appendix
I). Second, telephone interviews were conducted to further identify
"Requirements” sources and suppliers/manufacturers of inspection/testing
capabilities in the U. $. and Europe. Third, personal interviews were
conducted with individuals active in hardware production or inspection
services. Personnel and organizations contacted (both by telephone
and on a perscnal basis) are identified in Appendix IT (Requirements)
and IITI (Capabilities), respectively. Approximately four months were
required to satisfy the data collection phase; the remaining two months
were spent analyzing, reducing and synthesizing the data obtained.
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OVERVIEW

Between 1947 and 1975 over 3,000 structures for the production of

o0il and gas were erected in the Gulf of Mexico. According to the
National Research Council, the offshore regions of the U.S. - of which
only about 2 percent have been opened for production - provided 16.4
and 14 percent of the nation's oil and natural gas, respectively.
American Petroleum Institute predictions indicate that this yield could
double by 1985. Future sites for oil and gas exploration may include
the Arctic, Atlantic and Gulf of Alaska, as well as the present Gulf

of Mexico and Southern California.

Until 1953 the only requirements for inspection of such structures

were those which the platform operator/owner elected to impose upon
himself. In the U.S. this situation still prevails although the U.S.
Geological Survey in 1953 and the Occupational Safety and Health Admin-
istration in 1970 obtained statuatory pérmission to conduct and/or
reguire inspection of structures in U.S. waters. In the North Sea,

the English and Norwegian governments established underwater inspection
requirements and schedules in the mid-1970's to which the platform
owners must comply. In England five classifying societies are authorized
+o set standards for underwater inspection: Lloyds Register of shipping,
Cermanischer Lloyds, Bureau Veritas, Det Norske Veritas (DNV) and

the American Bureau of Shipping. A sixth certifying organization,
Halcrow Ewbank and Associates, has recently been recognized by the
English government. Only DNV and Bureau Veritas have published require-
ments for inspection. DNV has the most explicit requirements at present,
but all Societies approach the problem with a great deal of flexibility
and look to the owner/operator to define the scope of certification.

The platform operators, the ultimate customers of all inspection services
and the primary source of all inspection reguirements, are not uniform
in their approach to inspection. Some have outlined very definite
programs, while others are developing programs. From the U.8. offshore
operator's point of view, the most pressing need is for surface, rather
than subsurface, techniques for inspection of structural members.

Traditionally the diver has been - and still is - the primary inspector.
Visual inspection, photographic and TV documentation have been his
primary tools. Inspection includes preliminary structure cleaning which
can be a more arduous and time-consuming task than the inspection itself.
What began as a relatively simple task in shallow and warm waters on
relatively simple structures has now progressed to the most demanding
work. Fixed oil and gas structures of the forties were 4- and 6-legged
platforms, generally in 30 to &é0m of water, where temperatures were
moderate and weather — though occasionally tempestuous - generally
allowed a wide working window. The picture has changed dramatically
with the increased massiveness and complexity of present day platforms.
For example, the recently-constructed Cognac platform will rest in



307m of water; it weighs over 30,000 tons and approximately 99km
{61.5 miles) of welding was required to connect its tubular members
(personal communication Mr. G. C. Lee, J. Ray McDermott & Co.).

An equally significant change has been in the geographic areas now being
explored and from which oil and gas is produced. The North Sea in
particular, has introduced environmental factors rarely, if ever,
encountered in the Gulf of Mexico. Water temperatures, fouling rates
and sea states are far more severe, and combine to test the limits of
both men and machines. Operaticnal failures, according to an unpubllshed
report by the Construction Industry Research and Information Association
(CIRIA) Underwater Engineering Group, have occurred on platforms in

the North Sea. only months after their installation. These failures

were due to corrosion rates and marine organism fouling in excess of
what was expected for the depth of water.

The more demanding conditions and more complex structures have produced

a need for structure inspection which transcends simpler wisual/photographic
capabilities. Many companies offering undersea work capabilities have
started investigating the problems involved in modifying surface non-
destructive testing (MDT) instrumentation for undersea application.

Other companies have progressed further and developed several underwater
NDT technigues.

Traditionally five types of NDT technigues have been used in surface
testing:
Visual (surface crack detection)
Magnetic Particle (surface and shallow subsurface crack detection)
Ultrasonics (thickness and surface/subsurface flaw and crack
detection)
Radiography (internal flaw and crack detection, thickness)
Liguid Penetrant (surface cracks, porosity, laps, cold shuts)

All of these methods, except liquid penetrants, are being used underwater.
An additional method used on offshore structures is corrosion potential
(CP) measurements.

The interest in developing such capabilities is growing rapidly, parti-
cularly in the North Sea-bordering countries where inspection is a

legal requirement. While no diving company has a full range of all

NDT capabilities, several companies are rapidly developing an expertise--
either by purchasing an already existing NDT company, or by acquiring
appropriate instrumentation, or both.

The field, at this point, can be described as emerging. Several groups
are attempting to assess the needs and future requirements, and are
conducting studies to this end. For example, the University of
Strathclyde has an ongoing study to ascertain future developments in
underwater maintenance, inspection and repair technigues in the U.K.
offshore industry. Det Norske Veritas is conducting a state-of-the-art
survey on NDT equipment, procedures, safety and operator's qualifications.
The Ship Structures Committee (consisting of representatives from the



Maritime Administration, Coast Guard, Navy, ABS, and the Military Sea
Command) is funding a study being conducted by the Naval Surface Weapons
Center, White Oak, Maryland, to assess the state-of-the-art in underwater
NDT. The CIRIA Underwater Engineering Group, London has two studies
currently underway: £first, "Underwater Inspection of Offshore Instal-
lations: Market Survey” will be completed in early 1978; second,
"Underwater Inspection of Offshore Installations: Guidance for Designers"
will alsc be completed in early 1978.

From the objectives of the above studies and the results of interviews
with organizations potentially in a peosition to supply inspection/
certification services to this emerging market, it is evident that a
market is foreseen. Precisely what this market will be and what will
be its size is not certain.

Two alternatives to the diver are also being developed to serve a role
in underwater NDT: the manned submersible and the remotely controlled
vehicle. Both systems are capable of being used to produce high

guality visual and photographic inspections, and both can bring some
form of cleaning device {(wire brush, chipping hammers) to the inspection
site. Application of present NDT devices, however, is designed for

the human hand, and utilization by present-day manipulators on both
manned and remotely controlled vehicles is difficult, if not impossible.
Tn view of this limitation, manned submersibles are being used primarily
as transportation and support for divers locked-out at the inspection
site. The major North Sea submersible operators are now in the process
of acquiring NDT instrumentation which can be deployed by a locked-out
diver or by the submersible itself. For example, Intersub will take
delivery this spring on a diver-held ultrasonic flaw detection device
which utilizes the principals of acoustic holography, Vickers Oceanics
Ltd. and Intersub recently acquired a submersible-~held c-p meter, P&0O
Subsea has acquired a diver-held Wells-Krautkramer UT thickness—measuring
device and a company specializing in NDT, and COMEX has developed,

among other devices, a closed circuit TV capable of providing bas

relief on the monitor in which slight details appear as ridges or
valleys. A variety of other NDT devices and capabilities, discussed

in subsequent sections of this report, are being developed for appli-
cation from lockout or one atmosphere submersibles.

The role of remotely controlled vehicles in underwater inspection/
testing is less well-defined than their manned counterparts. As inspec-—
tion/photographic-documentation vehicles, they appear to be excellent.
As platforms for deployment of NDT instrumentation, indications are
that the capability is still emerging. In open waters they have been
used guite successfully as pipeline inspection vehicles, but around

and within steel structures they have — in addition to other problems -
experienced difficulties with cable entanglement and location. Remote
controlled vehicles, with adequate development, offer a wide range of
potential capabilities for underwater NDT, and inspection.

A great deal of interest and research funding is being drawn into
another area of structural monitoring: acoustic emission analysis and



vibration analysis. These methods seek to determine - without requiring
a diver or submersible - that a structural member has either broken
or cracked, and where the member is located on the structure.

Acoustic emission monitoring detects minute, crack-induced pulses of
acoustic energy by use of sensitive piezoelectric transducers attached
to the structure being monitored. 'The signals are conditioned by elec-
tronic circuitry and then computer-processed to determine the location
and the significance of the discontinuities of structural integrity.

In this technique it is necessary to install the transducers underwater
at strategic locations throughout the structure.

Vibration analysis or monitoring takes advantage of the fact that a
fixed structure, which is continually excited by the motion of sea and
wind, has a natural resonance frequency. These natural frequenices

can be appreciably changed if a load~carrying member breaks or loosens
significantly. Using vibration analysis techniques, the appropriate
natural frequencies of a structure can be determined from a small number
of measurements taken at selected stations above the water surface.

The amount and distribution of the change in the natural frequencies
caused when a member fails varies according to the position of the
member within the structure and on the topology and degree of redundancy.
Significantly, vibrational analysis techniques do not reguire that any
component of the monitoring system be underwater.

Both techniques are presently being tested in long=-term programs on
several fixed platforms in the North Sea. U.S. offshore application
of acoustic emission and vibration analysis techniques has been limited
to government-owned structures.

A variety of other research and development programs in underwater NDT
devices are being funded by industry and government in Europe. These
programs are aimed at developing exportable technology for international
clients as well as for current operations in the North Sea. Most
NDT~oriented research and development programs in the U.S. are funded
by industry. The USGS is investigating vibration monitoring and inspec-
tion via an untethered remotely controlled vehicle. The USGS together
with the Office of Naval Research is investigating acoustic emission
monitoring and underwater cleaning.



1.0 SUMMARY AND RECOMMENDATIONS

1.1 INSPECTION REQUIREMENTS

The only inspection requirements for fixed offshore structures in U.s.
waters apply to pipelines. Both the Federal Government {(Office of
Pipeline Safety, Dept. of Transportation} and two state governments

{Texas and California) require periodic overflights of the water sur-

face above the pipeline to observe any indication of leakage. The Federal
government also requires annual testing of each pipeline underx cathodic
protection to determine that it meets federal requirements.

Two Federal departments have statutory rights to require underwater
inspection of fixed platforms: 1) Department of Interior (Geological
Survey) under the Outer Continental Shelf Lands Act of 1953 and its
Amendments (S.9) of 1977, and 2) the Department of Labor {Occupational
Safety and Health Administration) under the Occupational Safety and
Health Act of 1970 (Public Law 91-596). Neither Department has deline-
ated their inspection requirements at this date.

The U.S. Coast Guard (Department of Transportation) provides inspection/
testing requirements for its manned light stations, but the criteria
established by the Coast Guard are for its own structures and are not
meant to be applied to private structures.

Two North Sea bordering countries have prescribed underwater inspection
requirements: the United Kingdom and Norway. U.K. requirements, con-
tained in the Offshore Installation {(Construction and Survey) Regula-
tions of 1976, are legal requirements under which periodic inspections are
required of the platform owners to maintain a valid Certificate of Fitness.
While there is a legal basis for platform inspection in Norwegian waters,
there has been no legal document produced which defines these reguirements.
Instead, provisional guidelines have been written by the Norwegian
Petroleum Directorate, the certifying authority, delineating the scope,
periodicity and nature of the underwater inspection program. Other North
Sea countries {(Denmark, West Germany, France, Belgium, the Netherlands and
Sweden) are in various stages of development toward the writing and
promulgation of dinspection requirements.

Under the U.XK. requlations five professional societies are authorized to
jssue a Certificate of Fitness: American Bureau of Shipping (U.S.);
Bureau Veritas (France); Det Norske Veritas (Norway):; Germanischer Lloyd
(West Germany) and Lloyds Register of Shipping (U.K.). A sixth organi-
zation, Halcrow Ewbank and Assoclates Certification Group, has recently
been added to the list of certifiers. Only Bureau Veritas and Det Norske
Veritas have published guidelines regarding procedure and scope for under-
water inspection of fixed structures, the remaining societies are in the

process of writing their certification criteria. !



1.2

Platform operators in U.S. waters can find guidance in designing

their inspection programs from the American Petroleum Institute's
"Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms" (API RP 2A). North Sea platform owners have, or
are establishing, inspection programs to comply with government require~
ments. Not all these programs are identical since the onus is laid on
the owner to design and pursue an inspection program which he feels
satisfies requirements. Consequently, inspection frequency, element
selection procedure and inspection methods may vary from platform-to-
platform. '

All inspection programs (imposed and self-imposed) call for an annual
platform survey. The government programs and those of the classifying
societies call for a major survey once every four or five vears. Special
surveys are called for in several instances.

General Surveys consist primarily of visual inspection and testing for:

Broken or bent members
Cracking and pitting
Corrosion

Marine fouling

Debris accumulation

Corrosion system effectiveness
Scouring at platform base

Major Surveys involve conducting all the inspections, noted above and a
detailed examination on selected parts of the structure (10% is generally
required). The Major Survey calls for cleaning of the structure and an
examination by magnetic particle inspection or other techniques to deter-
nmine the presence of cracks, pitting, or corrosion at preselected nodes.
In practice, each General Survey is designed such, that by the time the
fourth or fifth year (depending upon the Certifying Authority) is reached
the previous inspections will cumulatively equal the requirements of the
Majoxr Survey.

Special Surveys are, essentially, damage assessment surveys which are
called for if the structure has been subject to barge or ship impact, or
severe loading by weather or by an object dropped over the side. Addition-—
ally, an inspection is reguired if changes in the condition or operation of
the structure have been made which may affect its safety or a part of its
scope of certification.

CAPABILITIES - INSPECTION/TESTING

Underwater NDT and inspection is a rapidly emerging technology; many
limitations discovered during the tenure of this study will undoubtedly
be resolved in the very near future. Particularly by the North Sea
suppliers of inspection/testing services where the annual market for
inspection, maintenance and repair is estimated at $500 million by 1985.



Five underwater inspection/testing techniques are being used in the

U.S. and North Sea waters: 1) Visual inspection; 2) magnetic particle
inspection; 3) ultrasonic inspection (thickness and flaw detection);

4) radiography, and 5) corrosion-potential (c-p) measurements. Varia-
tions on these technigques include a Magnetographic method of crack measure-
ment and an acoustic holographic technique for internal flaw detection.
Table I summarizes these methods and presents the advantages and dis-
advantages when used underwater.

Underwater inspection and testing introduces problems never encountered
in surface work; these can severely limit - and sometimes prevent - the
inspection or test from being conducted. All testing techniques listed
in Table T reguire that the structures be cleaned of marine organiSms.
while brushing, chipping and scraping will sometimes suffice, it is
frequently required that a high pressure water jet be applied, the jet is
cumbersome and potentially dangerous to the operator. Cleaning is not
only arduous, but it can constitute the major expenditure of underwater
time.

Locating the site to be inspected and positioning oneself to conduct the
inspection test can be quite difficult, particularly on complex nodes or
in the interior of a steel structure. If there are no markings on the
platform to identify the work site, location is made much more difficult.
1f underwater visibility is near zero, location is virtually impossible and
testing ¢annot be done with present techniques.

A further complication to inspection/testing is in the splash zone where
the periodical rise and fall of the sea surface can prevent the surveyor
from maintaining his position at the work site. Above certain sea states,
depending on the underwater inspecting techniques used, it is impossible
to deploy any instruments to the work site at all.

Unlike surface NDT where a human being is used to conduct all testing,
underwater NDT instruments are carried and deployed at the work site by
one of four technigques: 1) divers; 2) manned submersibles; 3) remotely
controlled vehicles and 4) one-atmosphere diving suits. The diver (either
free-swimming, tethered, or deployed from a bell or lockout submersible) is
most generally used for inspection and testing. '

Each one of the above deployment capabilities has strengths and weaknesses
in performing nondestructive testing. The greatest weakness at present is
that nearly all underwater NDT devices are designed to be used by

a. diver. Consequently, the mechanical manipulators of the submersibles
and remote controlled vehicles, and the grasping terminations of atmospheric
diving suits are at a distinct disadvantage. Other limitations include
positioning, stability, maneuverability and entanglement potential. No one
vehicle or deployment capability is the ultimate substitute for the diver,
each has its own peculiar advantages and disadvantages. One of the more
promising capabilities for inspection and certain forms of testing is the
remote controlled vehicle, but certain of its obvious deficiencies must be
corrected before it can realize its full potential.



In view of the accelerated offshore drilling and production activities
in ever-deepening waters, it is conceivable that the diver's capability
to routinely conduct inspections and testing at the depths required will
soon be surpassed. When this occurs, there is no deployment capability
which can now he used as an alternative.

The relative performance of each deplovment capability to perform the
tests tabulated in Table I are presented in Table II. These evaluations
take into account such factors as: locating the site; maneuverability
at the work site, and manipulative dexterity.

All of the written government and society requirements to date are general
in nature and do not specify measurement or position accuracies. Recom—
mendations are made regarding types of tests to be applied, but the

final testing technigque is negotiable so long as it provides the data
required.

Qualification of NDT personnel is not standard in U.S. or North Sea
based companies. Most U.S. NDT instruments are deployed such that the
qualified NDT technician, generally by Ameriecan Society of XNondestructive
Testing (ASNT) standards, is on the surface with the test data display
unit while a diver carries the sensor (i.e., transducer) to the work site.
Tt is not a common practice to use an NDT-qualified diver; instead, a
pre-dive briefing of the diver's duties generally sufficies. WNorth Sea
servicing companies may or may not use divers gqualified in accordance
with CSWIP (Certification Scheme for Weldment and Inspection Personnel)
or, in the case of Det Norske Veritas, an in-house NDT gqualification
program of its own. There are no known gqualification standards for
divers performing overall visual inspections.

Standards of accuracy and repeatability for NDT instruments are pro-
vided by the American Society for Mechanical Engineers and the American

‘Society of Testing Materials. These standards apply to surface testing

at one-atmosphere pressure. No standards could be found which apply

to NDT instruments under high pressure and low temperatures in the marine
environment; consequently, the data obtained from one manufacturer's
instrument may not be comparable to the data obtained from a competitor's
device.

CAPABILITIES - MONITORING

Two techniques have been developed which can be used to monitor a fixed
structure's integrity: acoustic emission monitoring and vibration
analysis. Both techniques are available in the U.S., but their primary
use to date has been for demonstrational purposes. Several industrial
firms in the U.K. are developing vibration analysis systems which are
undergoing at-sea testing on North Sea platforms, these programs are
supported in part, by government funds.

Accoustic emission analysis utilizes the minute acoustic emissions
produced by discontinuity regions in materials under stress. By
acquiring these emissions on strategically-located transducers attached






