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Fig. 22. Project case record: the nature of the rocky terrain.

Define stage bid level prediction was a lot more help to the
contractor planning the work. In this case the contractor
understood that the estimate was not ‘yard by yard’ but, as
the working methods and the contract had flexibility, felt
well prepared for eventualities. When access was finally
available to the full right of way, the contractor excavated
many shallow pits to finalize the work plan. These results are
not available to include here, but did not significantly affect
the planning. There were detailed variations between
predicted and actual, which cannot be resolved from the
data available but possibly reflect the following factors.

o The way the contractor elected to use the plant spread
robustly rather than frequently changing techniques.

o Increasing power of excavators. It is now more than
20 years since the categories on the excavatability chart
were drawn (Pettifer & Fookes 1994), and it is time to
update. Basarir et al. (2008) have shown how simple
specific energy principles and 3D numerical modelling
might be used to develop productivity predictions, and to
extrapolate from older to newer machines.

o Overestimate of the difficult digs (categories B and C).
Sweeney et al. (2005¢) noted the tendency to overestimate
excavation difficulty in visual assessment in the Algerian
Sahara. The limited borehole work done in the Caucasus
suggested that the subsurface had much less in categories
C and D than was judged from the surface, albeit this was
influenced by borehole location, but category D blasting
was reasonably predicted, which complicates this issue.

o The geology and geomorphology of the basalt plateau were
complex, with many rock streams and screes.

There were no claims for unforeseen ground conditions

and so the predictions provided the desired certainty of
outcome of programme and cost.

On the BTC project detailed formal geotechnical logging
of the excavated trench was carried out in the vicinity of fault
crossings, and locally where there was a geotechnical
engineering need. This is common industry practice. Case
records of more complete trench logging and post-mortem
are rarely published, but have been reported by, for example,
Redding (1987) and Nixon e al. (1991). These were done for
various reasons, but added value in both cases, and suggest
that this underused low-cost technique should be more
widely employed. At construction, complete trench logging
can be used to confirm assumptions, to expose unforeseen
conditions, in ad hoc detailing (e.g. for trench drainage) and
in contractual settlements. In the longer term, complete
logging supplies pipeline operations with information of
value in long-term right of way management, and in
providing a deeper understanding of risks. Construction
planning elsewhere would benefit from improved knowledge
of how to extrapolate surface exposure data into prediction of
trench excavatability, and from comparing equipment
productivity with ground conditions. The growing
complexity of the trenching operation, in particular the
number of items incorporated into the trench backfill, was
noted above, and so for many projects complete logging
would be only a minor extension to the responsibilities of the
trench inspection team.

Keaton ef al. (2012) described rock excavatability
assessment for a less remote project in the USA where
geological and particularly ‘county-scale’ soil survey
mapping data were available. This latter would typically be
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Fig. 23. Project case record: rock excavatability through the project stages,
summary.

an order of magnitude better than the 1:200 000 scale maps
available for the Georgian Caucasus. Keaton ef al. (2012)
also employed seismic refraction geophysics to aid
assessment. The approach was reported to be successful in
improving excavatability forecasts and pricing.

Approaches to excavatability assessment vary, and will
depend on terrain, geology, accessibility and available base
data; more case records would aid understanding of the most
effective approaches. In the Georgian Caucasus, which was a
very large project with poorly documented but open terrain, the
situation was suited to terrain evaluation by experienced eyes
and the outcome was good.

Blast vibration prediction, ground movement and control
feature highly in pipeline geotechnical work. Even in remote
regions, in the layout of major projects there will always be
phased development with sensitive mechanical plant and
pipelines near trench excavation. This will not be addressed
here, but fairly recent thinking has been presented by Nyman
et al. (2008).

Trench backfilling

Several approaches were used for trench backfilling on the
BTC project in the Georgian Caucasus, depending on the
excavated material. Table 19 tabulates field records of the
plant, the productivity, and the costs of the options employed.
o Reuse of excavated rock, treatment by rock crushing (25 km).

Recycling the excavated rock back into the trench was
favoured because of the environmental benefits. To fill
around the coated pipe, the blasted rock needed to be reduced
in size from about 200 mm to less than 25 mm. Crushing the
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Note 3: Stacking of categories represents a mix over the length shown, and is not indicative of the trench depth profile.

ripper in category B and C and by blasting in category D.

rock in two stages proved to be a slow operation; the
contractor had hoped that the crushers would produce an
order of magnitude faster than they did. Plans were changed
and, ultimately, out of the 59 km blasted, some 25 km went
back into the trench, but in the event there were many uses
for the surplus in gabions, river protection and construction
materials, and environmental objectives were broadly
satisfied. Planners need a crusher productivity prediction
model, and perhaps a specialist in the Geoteam with a
quarrying background.

o Reuse of excavated soil, treatment by modern soil screener/
crusher buckets (59 km).

It was observed on pipeline work in the region that
excavating long straight trench sections in soil by bucket
wheel trencher produced a well-graded compactible fill. On
this project backhoes were used, and in some places the soil
came out as large clods. In backfilling, backhoes fitted with a
modern soil screener/crusher bucket were able to degrade the
clods, remove oversize material and produce a free-flowing
fill in one step. Locally, where this was not used, the clods
were not well compacted in the trench and pipe containment
was uneven. In such places this caused ovalization of the
flexible pipe, which was detected by internal caliper runs,
and the trench fill had to be re-excavated and reworked. On
this project the screener/crusher buckets proved to be less
sensitive to soil moisture than the mobile screener ‘padder’
machines, and were a great success.

o Imported soil from borrow pits (57 km).
Of this some 35 km was suitable without treatment, and
some 22 km needed treatment by screener/crusher buckets.
o Reuse of excavated soil, suitable without treatment (107 km).
o Reuse of excavated material, treatment by mobile screener
(i.e. ‘padder’) machine.

‘Padder’ machines have become widely used in pipeline
construction, and usually offer a cost advantage over the
screener/crusher buckets. On this project the soil proved
too moist and plastic for the ‘padder’ machine, which was
easily clogged and only little used.

Figure 8 shows the items incorporated into the BTC trench
backfill. In addition, on sloping ground extensive use was
made of so-called ‘ditch barriers’ or ‘breakers’ to hold soil in
place and prevent washouts, and there were locations that
needed trench drainage. Special treatments were introduced
at fault crossings and other sites of geotechnical complexity
and risk.

A common feature of remote region earthworks is that the
first project in the new terrain will also be the first in new
climate and soil moisture conditions. In the Caucasus,
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Note 2: At the execute stage, the contractor elected to break the ground for the trench by excavator in category A,

Fig. 24. Project case record: rock
excavatability through the project stages,
long profile.
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Table 19. Project case record: trench backfill alternatives used

Source of Trench
Intimate Backfill

Imported soil from borrow pits
(<5km haul). 57km of trench.
Suitable without treatment,

35km. 107km of trench. screener (ie “padder” machine)

Reuse of excavated soil, with
treatment by screener/crusher
buckets.

59km of trench.

Reuse of excavated rock, with
treatment by crushing.

27km of trench (out of 539kms

Reuse of excavated material,

Reuse of excavated soil, suitable with treatment by mobile

without treatment.

blasted) Treatment by screener/crusher Useage very limited.
buckets, 22km.
2 Crushers 6 x 345 Excavator 1 x D8 dozer 4 x 345 backhoe Ozzy/Superior padder machine
- 1 Hammer 4 x Allu screen buckets — 1 loader 966G — 1 x pick up — 1 x pick up
Loader 966G 2 Buses 12 x dumpers
Plant Required 2 x Excavator 330 2 pick up 4 x‘345 Excavators
2 dumpers 18m 3 pick up
2 Buses 2 bus
2 pick up
2 x 345 Excavators
Low progress Max 150 mm rock size Borrow pit reinstatement cost None Use upto 15 degrees terrain
Significant amount of required (not included below) inclination
Constraints equipment - Dry material — Licence approval Max 300 mm rock size
2 stages of crushing Project footprint required
Difficult mobilisation Dry material
Min. screen cloth /2”
Progress
mjday of trench 46 200 650 1000 105
(5.4m? area)
Cost per da;
per cay 7,946 7,087 32,600 4,514 3,000
US$
Cost per Km
p 5 172,700 35,450 50,200 4,500 28,600
us

moisture control was found to be needed for the soils over
much of the route, and drying times added significantly to
the contractor’s programme and cost. Planners need a better
understanding of the soil moisture limits of the machines,
and how productivity varies with the moisture conditions in
the ground, depending on the seasonal climate, drainage and
soil types.

The bottom line in Table 19 indicates the costs of the
backfilling options (all at 2005 prices), ranging from
$4500 km~"' where it was possible to reuse the excavated
soil without special treatment, to over $172 000 km™! with
the excavated rock treated by crushing machines; some 38
times more expensive. This latter cost for rock treatment is
much higher than costs normally quoted in the literature;
however, these are rarely all-inclusive. The costs given here
are independent estimates built up from unit rates and from
detailed knowledge of the work process, the full fleet
employed and its productivity. A more robust coating or a
supplementary pipeline cladding, a so-called ‘rockshield’,
might be less costly than backfill treatment. The pipeline
industry is moving towards an integrated process that
balances pipe coating design and cost, geology,
environmental expectations, and the productivity and costs
of excavation and backfill treatment. Espiner ez al. (2003)
described backfill testing and coating interaction, and
PRCI (2004b) presented an integrated model for coating
selection. However, such models need to be constantly
updated with realistic costs to reflect geology and location,
and the full range of coating and protection options.

Contractors say that new terrains are a difficult area for them,
and every job is a learning exercise. Ground Models should
also help, but there are gaps in geotechnical knowledge and in
its practical application. This trenching and backfilling case
record is typical of the ‘cost driver’ geotechnical items in
onshore pipeline construction. Currently much of this type of
work is kept within the contractor’s prerogative; the detailed
cost analysis is commercially sensitive and often, depending on
the form of contract, ‘lost in the contractor’s lump sums’.
Construction planning is deemed by many, the contractor
excepted, to concern matters of detail, and the risks are not
usually high profile. The truth may be the opposite; clearly, the
costs are substantial and it can matter a lot. So this is not an easy
area to engage with, and it remains a challenge for
geotechnology.

Summary and conclusions

Currently about two-thirds of oil and gas worldwide is produced
from onshore fields and transported via pipelines. Many remote
region pipelines count among the major economic infrastructure
corridors of the world, and therefore require a high level of integrity.

The starting point was the 20th century history of geotechnical
risks that were orders of magnitude too high. Geohazards,
particularly landslides, were often the overwhelming component
of operating project risk in the more remote mountain regions.
Pipeline landslide rupture data have been presented to illustrate the
historical risks. Modern safety and environmental standards require
a step change, and orders of magnitude of risk reduction.
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Remote region pipelines have often traditionally been a
‘geotechnics-free zone’. To this day, industry deals with terrain
and geohazard matters by typically about 1% content of the industry
codes, few guideline documents, few or no specialists in pipeline
design organizations or contractors, and few industry workshops,
committees or research forums.

However, things are changing, and pipeline performance data
suggest that the risks have been much reduced in the last two
decades. The historical landslide figures have been updated to
illustrate the risk reduction that has been achieved by modern
geotechnical approaches. It is suggested that the main contributors
are the working methods now used increasingly on major projects:
risk management of geohazards; Geoteams and the emergence of
subject specialists; Ground Models and approaches to terrain
evaluation. There is a new geotechnical focus on these three areas,
which has arrived at the right time for the pipeline industry.

* Risk management. Formerly, overwhelming geotechnical
risks could be buried in the specialist reports, or simply not
addressed. Moving from terrain mapping into full risk
assessment using the risk matrix, and so including
consequence, has transformed communication. Pipeline
project managers can now directly compare landslide and
other geotechnical risks with, for instance, corrosion,
excavation damage or weld failures. In applications to date
it has given them the right context for action, and has been a
critical step in preserving the integrity of pipelines. The risk
matrix has possibly been the single most important step in
increasing management awareness and acceptance of the
issues, and thus in allowing the use of Geoteams and the
development of Ground Models.

* Geoteams. There has been a need for much closer
collaboration between the pipelines industry and the
various geotechnical disciplines. Pipeline performance
data suggest that the use of specialist Geoteams, integrated
into projects from the start and including internationally
experienced subject specialists, goes a long way to ensure
survival. The last two decades have seen the emergence of
subject specialists, career-dedicated to a single geohazard or
terrain, but these generally remain scarce skills, and are not
easy for the pipeline industry to identify. The style of
working in Geoteams, using specialists, and going beyond
the codes, is increasing but still unfamiliar to large parts of
the pipelines industry. Change will take time.

¢ Ground Models. Collaboration requires communication.
Modern Ground Models fit well in the pipelines world but,
as an extra step, need to be recast in pipeliner perspectives
and pipeliner-friendly language. Most pipelines are shallow
buried close to the ground surface and so, in building
Ground Models, employing experienced eyes in the field is
the most valuable process. Geotechnical desk studies, and
field reconnaissance and mapping, are unfamiliar to
pipeliners, but these add much more value than marching
lines of boreholes and pits. Formal ground investigation is
becoming only a small part of pipeline geotechnical work.
Ground Model outputs have to fit seamlessly into the staged
project process, particularly into pipeline route narrowing.
Getting the routing right is critical, and the early project
stages are often much more important than the later ones. At
a high level the main object of the Ground Model is to
inform project stage gate readiness decisions, particularly
feasibility declarations on the terrain challenges. The risk
matrix is a key part of this.

Geotechnical involvement is often focused on the geohazards, but
terrain-driven costs from access roads, trenching, backfilling or soil

erosion are often a bigger challenge. Terrain in remote regions
accounts for more than 50% of the capital cost of construction.
However, much of this terrain cost is not explicitly addressed in the
work that geotechnicians currently do. Cost issues and quantifying
terrain-driven costs are key activities for Geoteams to build into
Ground Models; this is illustrated by a detailed case record of rock
trench excavation. The contractors and operators need more
practical geotechnical help, but there are still some gaps to be
filled in the basic science.

New technology has not been a focus of the activities described
above, which are concerned more with collaboration and commu-
nication. Historically there has been a tendency to seize on new
technologies when the basics of simple field observation and
mapping were not being carried out. As a personal view, the newer
technologies, when applied, have to date been helpful rather than
transformative, but technology will be more important in moving to
the next level. Overall both old and new technologies are rather
underused by pipelines, and there is a large potential for better use
of the newer satellite, geophysical and ground monitoring systems.
Increasing collaboration is a first step and should accelerate the
uptake of newer technology.

The Engineering Group of the Geological Society has a role in
promoting collaboration. Recent Engineering Group Special
Publications on terrain topics are at the leading edge. But the
development of guidelines calls for a closer engagement with the
pipelines industry. The challenge is to find common ground and
ways of working together.
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VOTE OF THANKS

Mr Chairman, Ladies and Gentlemen,

When [ was a grammar school boy during the Second World War,
most of the male teachers had been called up. The lady brought out
of retirement to teach us English had come from a ‘philosophy’
background and was often making quotes that I have long forgotten.
However, one did stick in my mind, and I think she said it was
attributed to Eleanor Roosevelt. If my memory serves me correctly,
the quote was:

The first level of conversation discusses people,
the second level of conversation discusses events
and

the third level of conversation discusses ideas.

With tongue in cheek, and certainly arguably, I have taken the
three ‘levels’ and applied them to major technical lectures, such as
the Glossop.

« The first level would be a serious review and analysis of
published thoughts and soundbites of others, leading to new
conclusions. This has been done very well in several
Glossop Lectures.

» The second level is based on extensive laboratory and/or
field research around a subject, taking that subject a step
forward. Many good examples of this ‘taking a step forward’
are given in the Rankine Lectures.

* The third level comprises major reviews and technical
developments involving both the first and second levels,
plus new thought, making significant progress in the
concepts of the subject. For example, Skempton’s or
Peck’s early Rankine Lectures.

I believe Mike Sweeney has just delivered the third level in his
lecture.

I first met Mike, a keen rugby-playing student, in the late 1960s
when I was teaching at the Royal School of Mines, Imperial
College. This included giving lectures to the Masters Course on Soil
Mechanics in the Civil Engineering Department, on the newly
emerging subject of engineering geology. Amongst other students
on the same course were Professor John Atkinson and Dr Rod

Bridle, and on the RSM side, John Charman and the late David
Gordon. A vintage year.

Mike had just graduated in Civil Engineering and had chosen this
postgraduate course as his likely career path. I recall he showed an
unusually keen interest in engineering geology; that is, for the
standard sceptical IC Engineering Masters student! The course was
one of the world’s most famous postgraduate studies, in one of the
world’s most famous Soil Mechanics departments, at a time of
exponential growth in the subject. He therefore had a wonderful
grounding with stimulating lectures from, amongst others, Bishop,
Chandler, Morgenstern, Hutchinson, Skempton and Vaughan. He
has put this flying start to good use throughout his career.

In that infant computer age, with the difficulties in gathering
scattered literature, he started to develop one of his trademark
approaches to his work, his famous knowledge base: a massive
collection of papers on a wide range of old and new geo-topics,
which he continually put to good practical use. I discovered this to
my benefit while working with him on the Taff Valley highway,
Plymouth rockworks and, perhaps most importantly for him, the
Dhahran—-Dhankuta Himalayan road, in the 1970s, a few years
before he joined BP. It was this difficult and in many ways
pioneering mountain road, I believe, that started him on his journey
leading to this lecture.

He is a practical non-academic engineer, now grown into a legend
in oil and gas engineering. Although recently retired as Head of
Geotechnics and the leader of BP’s Geotechnical Discipline, I
consider that he is still the most respected geotechnical engineer in
this subject area, with guru status in the UK, if not worldwide,
having led and shaped this corner of the profession over many years.
His career as a geotechnical engineer has always included the
closely related fields of economic risk analyses and geo-risk
management, the mark of a top professional in our world. In BP’s
world, this would have huge dollar implications.

Throughout his professional life, he has not only been a keen
supporter of the Geological Society and engineering geology, but has
understood, in a way possibly second only to early pioneers such as
Terzaghi, Skempton and Hutchinson, how geology and geomorph-
ology underlie the real understanding of the ground in any foundation
project. It has been a pleasure to work with him in the field, with his
searching questions, always with a quiet courtesy and a good sense of
humour. Perhaps his greatest strength, whether in the field or at his
desk, is his ability to evaluate the situation, eliminate the trivia, and
get down to the nub of any serious problems.

As part of this most successful career, he introduced methods of
working that utilized the emergence of new specialist geomorpho-
logical and geological skills, often from academia, to assist major
project development. He has been an outstanding and persistent
advocate in BP for the application of this approach in their world-
wide ground engineering projects, often in remote regions,
commonly with special and often severe climatic and terrain
problems to overcome. Importantly, he has always pushed for the
earliest specialist Geoteam involvement to create the picture of the
terrain, and the development of the Ground Model so fundamental
to engineering geology in driving geotechnical solutions forward.

His lecture, which reflects a lifetime of achievement, has given us
a clear and deceptively straightforward theme; a well-digested,
presented and illustrated result of his many years of developing this
successful approach, together with other like-minded engineers and
geologists.

Mr Chairman, the Glossop family, ladies and gentlemen, it is my
privilege and pleasure to thank a valued friend, Mr Mike Sweeney,
for his outstanding lecture. Thank you, Mike.

P. G. Fookes, F.R.Eng.

Winchester, UK
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