Identifiying
Handling ﬁﬂﬂ@

DRIELING

Mitigating/ trappediannular. pressure
Drilling and| cleaning difficult
horizontal holes effect

Wﬁﬁ’@ﬂﬁﬁ)@ depthicontrolfissues!

, lﬁﬂm ﬁj@@m&@m@@ for gatheringfsystems
SUBS EA @B@@@@‘ﬁﬂ@ﬁx\ﬂ SYSUEVS
OPECISUNMMITIERERPORIT

-
[
!

" “www.worldoil:com
Gulf-Rublishing: Company:




JANUARY 2008, Vol. 229 No. 1
A Gulf Publishing Company Publication

COLUMNS

9

Editorial comment
— Perry A. Fischer, Editor
Natural gas supply and demand

19

What's new in exploration
— Arthur Berman,

Contributing Editor

The paradigm and the anomaly

21

Exploration—discoveries
— Arthur Berman,
Contributing Editor

23

Drilling advances
— Les Skinner, Contributing Editor
Drilling software

25

What's new in production
— Victor A. Schmidt,

Drilling Engineering Editor
Deepwater production research

27

Qil and gas in the capitals
— Jeff Moore,

Contributing Editor, Southeast Asia
Heading for deep water

NEWS & RESOURCES

13

World of oil, Krista H. Kuhl

29

Industry at a glance

109

People in industry

110

Companies in the news

111

New products

113

Advertisers’ index

114

World Oil Marketplace

115

Advertising sales offices

116

Meetings & events

ABOUT THE COVER

Upstream activities
are continuing at a
brisk pace and well
control operations are
no exception. While
the number of well
fires are down, the
blowout frequency has
remained constant and
is not likely to change
in the near future.
Photo courtesy of Cudd
Well Control.

- .

World Oil

SPECIAL FOCUS

WELL CONTROL AND INTERVENTION

Vulnerability and imagination in the Snorre A gas blowout and

Coeckelbergh
ery-critical work in a culture of business performance optimi
created conditions that led to a near-disastrous subsea blowout in 2004; the crew’s i

Simultaneous drilling and
snubbing operations speed
completion and production
in difficult Rocky Mountain
fields

J. Paulson,

J. B. Garner

Advanced, simultancous drilling
completion practices allow

romic play, while limiting impact

0N A sensitive environment.

How to identify
underground blowouts

N. Adams

Since you can’t see them, what do you

use to find them? This part of this long-
running series describes the use {'sl'|i>gging
tools to locate underground blowouts,

DRILLING

55

61

65

69

Maximizing drilling efficiency in Bunga-Kekwa's high-angle
wells

H. Mangor, R. Elder, ].Boulet and A. Monnet

Proper hole cleaning reduced torque and drag from cuttings dunes, while helping
prevent stuck pipe, lost circulation and hole instability.

Are wells perforated on depth today?

T. M. Pledger and World Oil editors

The neglect of +50-yr-old technology results in wells perforated off depth, while
packers, cement retainers and bridge plugs are set too high.

A metallurgical approach to
the design of hardbanding
alloys

J. Mobley and R. Daemen

Using micro-structural and metallurgical
criteria to develop alloys leads to
compromise between tool joint wear
and casing wear resistance.

Why cuttings re-injection
doesn’t work everywhere—
Or does it?

J. Reddoch

Although there have been failures

in some areas, new techniques and
equipment have been established over
the years that would make re-injection
feasible in those areas.

World Oil JANUARY 2008 3



Vulnerability and imagination in the
Snorre A gas blowout and recovery

The entrainment of safety-critical work in a culture of business performance
optimization created conditions that led to a near-disastrous subsea blowout

in 2004; the crew’s imaginative capabilities saved the day.

Ger Wackers, Narvik University College, Norway; and Mark Coeckelbergh, University of Twente,

the Netherlands

In 2004, Statoil lost control of a well
on the Snorre A TLP on the Norwegian
Continental Shelf (NCS) during a slot
recovery operation. The platform was
engulfed in a cloud of gas, which fortu-
nately did not ignite. Following safety
procedures, oil production was shur
down and main power was cut. Most
personnel were evacuated by helicopter
to nearby platforms. About 35 remained
to regain control over the well. Violating
several safety regulations, they restored
main power and made several attempts
to mix and pump drilling mud before
finally killing the well.

This article argues that the loss of
control was due to the entrainment of
safety-critical work in a culture of busi-
ness performance optimization, and
that the successful recovery depended
on the imaginative capabilities of the
platform crew in trying to understand
what was happening and in deciding on
courses of action.

THE BATTLE FOR SAGA

Understanding the blowouts deeper
causes requires an account of the demise
of Saga Petroleum, the company that
built Snorre A, operated it for eight years
and drilled the problem well, P-31A.

During the 1970s and 1980s the Nor-
wegian state grew three oil companies:
state-owned  Statoil, half-state-owned
Norsk Hydro and privately owned Saga
Petroleum."? Saga was awarded its first
operator responsibility in 1979, on
what would become Snorre Field, the
second-largest oil field on the NCS. Saga
designed and built the Snorre A TLP
together with Esso, Fig. 1. Production
commenced in 1992.

In the late 1990s, the Norwegian
companies tried to establish themselves

in foreign oil provinces. Their ability to
generate the capital required for these for-
eign investments depended critically on
the companies’ earning capability on the
NCS. Both Statoil and Hydro were look-
ing to optimize business performance.

Oil prices had dropped dramatically
in the mid-1980s and were low through
the "90s. Toward the end of the decade,
Saga was in financial trouble. Norsk
Hydro and Statoil bought the company
together in 1999 and split its assets.? Sta-
toil acquired 25% of Saga’s field shares,
boosting its proved and probable oil re-
serves by about 11%.

In the years before the takeover, Hydro
had launched a large investment pro-
gram as oil prices fell further, which led
to negative cash flow. Hydro’s financial
results in 1998 were very weak. That year
Hydro launched a cost-cutting program
called Agenda 99.% The takeover of Saga
was the second element in the strategy
to turn this negative cash flow situation
around: by growing the company’s port-
folio. The acquisition increased Hydro's
oil production by 45% and its proved
reserves by about 40%.%5

Saga’s takeover was an interactive,
adaptive, optimizing search process in
which interests were ameliorated in ac-
cordance with the relative strength of
the partners, so it is understandable that
the deal landed where it did. However,
the way in which Snorre A was framed
as a business asset deleted from this cor-
porate culture the sensitivity, vocabulary
and tools to assess the vulnerabilities that
would result from the deals. (Vulnerabil-
ity is defined here as a system’s reduced
ability to anticipate, resist, cope with and
recover from an event threatening the
system’s functional integrity.%) In effect,
the business frame created an imagina-

Fig. 1. Saga built the Snorre A TLP with
Esso and operated it for eight years
before the company was taken over by
Norsk Hydro and Statoil in 1999.

tive deficit that, combined with the mar-
ket stress of very low oil prices, was trans-
lated down to the operational level where
safety-critical work is performed.
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FREQUENT HANDOVERS

In the Saga takeover, Norsk Hydro
agreed to take operator responsibility for
Snorre A for 3.5 years and then hand it
over to Statoil. A change of operator for a
platform implies that most of the opera-
tions personnel transfer along with the
platform to a new employer.

Snorre A personnel shifted from Saga
to Norsk Hydro to Statoil within four
years. With each shift of employer, trans-
ferring personnel had to establish new
relationships within the new company,
build new networks, get acquainted
with new guiding documentation and
protocols, and learn new routines. Two
shifts in four years provoked in Snorre A
personnel a resistive response and a de-
sire to “be left alone.” The speed of the
handovers—a solution that followed the
logic of a corporate culture of produc-
tion—was faster than the time it takes to
build new relationships within the new
company, and thus violated the temporal
logic between processes in a complex sys-
tem that is required for safe and reliable
operation of high-risk technical systems.

Statoil was operator on the eight other
production platforms that were closely lo-
cated in the Tampen area, Fig. 2. By inte-
grating Snorre A into the Statoil Tampen
Area Result Unit, Statoil could reduce
costs through synergy. Norsk Hydro used
its years as Snorre A’s operator to reduce
the platform’s operational costs. At the
end of its term, Hydro tried to fix opera-
tional costs at the lowest level to maximize
profit margins. Hydro and Statoil agreed
that revenues from Snorre A’s oil produc-
tion for partners in the license would be
calculated on the basis of the operational
cost level achieved by Hydro before the

transfer. Any increases in cost thereafter
would fall to the new operator, Statoil.

Statoil’s management signed for the
transfer of responsibility for Snorre A
from Hydro without requiring indepen-
dent or third-party reviews of the instal-
lation’s technical integrity, warding off
inspections or reviews by the petroleum
directorate. In practice, the agreement
was dissolved after one year because it
engendered too many disputes on the
origin of cost increases, but it bears wit-
ness to the dominance of a culture of
production into which Snorre A's daily
operations were entrained.

Having acquired Snorre A, Statoil’s
Tampen Area Result Unit started nego-
tiations with Odfjell Drilling to bring all
drilling operations in the Tampen Arca
under one contract, replacing Snorre A's
previous drilling contractor, Prosafe. As
is common in the industry, the contract’s
terms rewarded uptime, not downtime
(which includes maintenance time).

Offshore personnel must overcome a
resistance to speak up and stop work in
case of doubts about the safety of work
in progress. But the contractor’s person-
nel on Snorre A faced double resistance
to work stoppage. The operator’s on-
shore organization wanted to keep mov-
ing to maintain a detailed time schedule.
The contractor's onshore management
also wanted to avoid downtime, because
downtime would decrease cash flow and
damage operational effectiveness statistics
that would come up in future negotiations
on contract renewals or effectuation of
options. Time is not money, but contracts
like these transform time into money.

The drilling contract renegotiation
ran parallel in time to planning of the slot

recovery operation for well P-31A. The
renegotiation and consequent transfer
of drilling personnel to a new employer
were not considered reasons to postpone
the slot recovery.

SLOT RECOVERY

The term slot refers to a site on a large
subsea steel frame on the seafloor that is
used to guide the drillstring, About 40
wells—30 oil producers and 10 water and
gas injectors—operated from Snorre A
were drilled using a single slot frame. The
top sections of these boreholes are close
together under the steel frame, burt fur-
ther down they diverge and run oblique-
ly toward the reservoir. When a well is
plugged and temporarily abandoned, the
slot cannot be used for production or in-
jection. This was the case for P-31A.

The first well for this slot, P-31, was
drilled in 1994 as an observation well,
was extended with a sidetrack in 1995
and completed as an oil production
well, P-31A. P-31A had a troubled his-
tory. During tubing installation in 1994
a number of problems occurred that are
relevant to the 2004 blowout.

Previous casing damage. From the
end of the 9%-in. casing, an 8Y-in. hole
was drilled for the installation of a 5¥2-in.
extension liner. Stands of the 5%2-in. liner
were attached to a driving string for in-
stallation. With the driving string still
attached, cement was injected around
the bottom of the liner to fix it to the
surrounding rock. However, the cement
hardened faster than expected, so the
driving string itself was cemented inside
the 9%%-in. casing. The upper part of the
driving string was successfully unscrewed
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Fig. 2. When Statoil took control of Snorre A from Norsk Hydro in 2003, the platform was integrated with eight other nearby
production platforms in the Statoil Tampen Area Result Unit, reducing costs through synergy.
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down to 3,524 m, until a main bearing
cracked and re-attachment of tools became
impossible. About 150 m of the string re-
mained in the well, cast in cement. This
steel and cement mass had to be milled
out. During this milling operation the
9%-in. casing sustained considerable wear
(up to 40%), which was confirmed and
measured using ultrasound logging.

Sometime later, the casing sustained
further damage. Before completion of
the well, the wellbore had to be cleaned,
using a downhole, rotating, high-pressure
washer. During this operation, repair and
maintenance work had to be performed
on the drilling deck and the washer stood
still in one place for some time, at 1,561
m. The non-rotating jets of the washer
eroded the 9%-in. casing and “washed”
petforations into it. These holes were
confirmed by ultrasound logging.

Despite the considerable damage,
Saga did not replace the casing but rather
inserted a 2.5-km-long, 7%-in. scabliner
to cover the holes and other partially
eroded sections. The scabliner was then
pressure tested, after which the well was
completed with 5%-in. production tub-
ing. However, from 1996 forward it was
used as a gas injection well.

In 2001 Hydro discovered extensive
corrosion and leaks in P-31A, and extra
tubing was run in to improve the well’s
integrity.” In December 2003, Statoil
plugged and suspended the well after it
failed a pressure test, losing pressure at
less than half the reservoir pressure.?

Slot recovery planning. To make the
slot productive again required work in
the tail end of P-31A to prepare it for
permanent abandonment and drilling of
a new sidetrack, P-31B, from an inter-
mediate level of the wellbore.

Despite the history of integrity prob-
lems in P-31, Statoil’s land-based Snorre A
operations unit considered this a straight-
forward job. The paperwork in cabinets
and files in electronic databases that
documented the complicated well histo-
ry had by this time moved offices twice:
from Saga to Hydro to Statoil. Some of it
may have been lost or misplaced. Because
some of it existed only as paper copies
and some was stored in different data-
bases, this historical well information was
no longer easily retrievable at the start of
planning for the slot recovery.

Among the offshore personnel on
Snorre A were people who had been in-
volved in drilling P-31 in 1995 and were
now involved in the slot recovery opera-
tion. They “knew” about the accidental
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hole in the 9%-in. tubing that was cov-
ered with the scabliner. However, prior
to the 2004 blowout, the drilling and
well organization in the field was little
involved in the planning and discussion
of drilling and well programs.”

The question is whether mobilization
of this historical knowledge would have
mattered that much. Although pulling
the “plaster” would expose the holes in
the 9%-in. tubing, this was not consid-
ered critical; the official investigation
reports do not explain why. An impor-
tant consideration may have been that,
according to Statoil’s internal accident
investigation report, in the initial plans,
the damaged tubing section would never
be exposed to the much higher reservoir
pressure.'? The operation was to occur
under lower and controllable pressures
because the wellbore was mechanically
plugged downhole. The slot recovery was
to proceed with the plug in place—with
no open connection to the reservoir. No
work would be done under that plug.

Changes in plan. The production tub-
ing runs through, and is perforated at,
several zones in the reservoir. Oil had
been produced for about a year from one
zone, but thereafter gas had been injected
into another zone to maintain reservoir
pressure. Valves in the tubing, operated
through well control equipment, sepa-
rate the zones.

The Norsok industry standard on well
integrity requires that “there shall be one
well barrier in place during all well activi-
ties and operations, including suspended
or abandoned wells, where a pressure
differential exists that may cause uncon-
trolled cross flow in the wellbore between
formation zones.”'! During operation and
suspension, this can be a well barrier ele-
ment that requires activation to function.
These barrier elements will not suffice for
permanent abandonment, because the
well control equipment will be removed.

To optimize the barrier situation and
comply with the industry standard, the
reservoir mﬂ.ﬂagﬁmﬁﬂ[ unit requested.
that the reservoir section of P-31A’s pro-
duction tubing be filled with concrete.
This would effectively and permanently
prevent crossflow between zones through
the pipe. However, to allow injection of
concrete below the plug, the plug had to
be perforated.

The upper part of the scabliner had to
be removed to prepare the site from which
the new sidetrack would be drilled. How-
ever, the wireline operator for Snorre A felt

that it would be easier for the perforating

tool to enter the small-diameter liner hold-
ing the downhole mechanical plug if the
scabliner was still in place to help guide the
tool. Therefore he proposed to perforate
the plug before pulling the scabliner.
These procedural changes—to inject
concrete and to perforate the mechanical
plug before pulling the scabliner—were
accepted in a planning meeting on Nov. 2,
2004. Because the planners failed to think
the complete barrier envelope through
these procedural changes, the implica-
tions for the subsequent pulling of the sca-
bliner were not properly explored.* The
two operations, perforating the plug and
pulling the scabliner, remained cognitively
uncoupled, especially in terms of the con-
sequences of opening the reservoir before
pulling the scabliner in a well that had
failed a pressure test in January 2003.

Vulnerabilities. The revised plan was
approved at the last planning meeting for
the slot recovery operation on Nov. 11.
A meeting ro discuss the associated risks
was postponed eight days, to Nov. 19.
In the interim, the drilling rig finished
its previous work two days early. On
Nov. 16 the rig was skidded to P-31A,
and because time was considered money
rather than a resource for safety, the slot
recovery operation started on Nov. 19.
The postponed risk assessment meeting,
planned for that day, was cancelled.

The operations unit’s leadership had
made “delivery on production” the goal
that set standards for norms, work prac-
tice, knowledge and competence.!? Crit-
ical remarks from employees concerning
the well control side of the operation
were suppressed.'* Empirical research on
time pressure suggests that when people
experience time stress, they tend to fo-
cus on an increasingly narrow range of
task-relevant cues. Under time pressure,
there is an increased tendency to “seize
and freeze” on a certain definition of a
situation without adequately probing to
see if that definition is the most appro-
priate, leading to less information disclo-
sure and faster arrival at shared, but not
necessarily good, solutions.'

THE BLOWOUT

The downhole mechanical plug was
perforated first, as planned, establishing
an open connection between the high-
pressure reservoir and the inside of the
wellbore up to the BOP on the drilling
deck. The scabliner was cut, and the up-
per part was stripped through a hole in the
BOP. Pulling the scabliner from the dense
mud created a swabbing effect. Gas that
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had been injected into the reservoir now
flooded the wellbore, expanding as it rose.

The pressurized, expanding gas passed
behind the scabliner and through the old
1995 holes in the 9%-in. casing, through
unknown damages in the 133%-in. casing
and into the shallow formations. The gas
created large craters in the seafloor, close
to the anchors of the platform’s tension
legs, and rose through the water and out
into the open air. Now there was a large
pressure gradient between the reservoir
and platform’s ambient atmosphere, suf-
ficient for spontaneous, and now uncon-
trolled, gas production, Fig. 3.

Flangs and shearing devices in the BOP
were not appropriate to close around or
cut the scabliner that was being pulled. A
safety valve was not accessible and could
not be activated. Gas rising through the
tubing could not be contained by the
BOP. Hence, there were parallel blow-
outs, one erupting from the seafloor and
the other from the BOR with gas in wa-
ter, in air and inside the installation (in
cooling systems, fire-fighting systems,
ventilation systems and rooms).

The first gas alarm occurred in the
cooling water of the Vigdis subsea satel-
lite's gas processing module, followed
soon by more alarms. In compliance with
safety regulations, the system was shut
down in three steps over two hours. The
Vigdis module was shut down first, fol-
lowed 15 minutes later by Snorre A’s main

Blowout through BOP
o« Shut-in drill pipe pressure increase to 1,800 psi from 200 psi

oil production and processing system.
The main emergency shutdown sys-
tem was activated 105 minutes later, cut-
ting main power, after gas was observed
in the seawater. The power reduction
from 82 MW to the 4 MW supplied by
the emergency diesel generators further
reduced the system’s ability to cope with
the blowout. Killing the blowout would
require pumping down mud or cement
under higher-than-reservoir pressure.
However, the heavy equipment to mix
and pump mud or cement can only be
operated properly with main power.
Main power was also required to ex-
tinguish the flare; there was no valve that
could be shut manually to cut off the feed
of gas. Regulations prohibit such a valve
to ensure that after emergency shutdowns
no pressurized gas remains in the installa-
tion. Consequently, the flare continued to
burn for several hours into the blowout.
Seeing that the well situation was get-
ting out of hand, the platform manager
activated the “preparedness and (first
tier) crisis management organization,”
shifting discretionary power to himself
from the onshore operations unit that
had run the slot recovery program.
When the main emergency shutdown
system was activated, company regula-
tions supported full evacuation. So did
Statoil's second-tier crisis management
group gathered at Sandsli near Bergen,
and the third tier, gathered at company

Shut-in casing pressure increase to 1,200 psi from 0 psi
Blowout from seafloor

Seabed

Sliding sleeve device (closed)
Reservoir pressure = 4,400 psi

Sliding sleeve device (open)

Fig. 3. Pulling the scabliner from the dense mud created a negative pressure, causing
gas to flood the wellbore. The gas bubbles rose through the tubing to the BOP, which
was unable to close around or cut the scabliner, and also behind the scabliner and
through holes in the 9%-in. casing and up through the seafloor. Hence, there were
parallel blowouts, one erupting from the seafloor and the other from the BOP.
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headquarters in Stavanger. The platform
manager decided against full evacuation in
violation of company regulations, instead
reducing personnel on board to 75 and
then 35. If people were killed attempting
to recover the developing crisis, the plat-
form manager would bear the brunt of
criminal investigation and possibly crimi-
nal prosecution and punishment.

RECOVERY

Disaster was imminent; the gas cloud
could ignite any moment. There was
no time for risk analyses, calculations
or assessment. It was under these trying
circumstances that the remaining crew
regained control of the well, saving not
only their own lives, but the platform
and the company as well.

A number of resources were impor-
tant for this successful recovery: pro-
fessional experience and skills, trust in
each others’ skill and experience, regular
emergency preparedness exercises simu-
lating a range of serious incidents, famil-
iarity with the installation deriving from
years of corrective maintenance and han-
dling component failures on an ad hoc
basis. Of particular interest, however,
is the role and nature of imagination in
developing a shared understanding of
what was happening, what could happen
and what could be done without getting
killed in the attempt.

Statoil and its Snorre A operations
unit had an established management
policy for a crisis on the platform: They
would assume a worst-case scenario be-
ing played out. The preconceived sce-
nario of the “abnormal well situation”
(irregular pressure surges) was the loss of
control over the (single) well, a blowout.
Based on previous experience, the site
of oil or gas release was expected to be
on the drilling deck. This was one of the
emergency situations that the operations
unit trained for regularly.

However, a subsea blowout, let alone
a parallel blowout, had not been antici-
pated. Platform management imagined
loss of the platform as the worst-case
scenario, and the mechanisms that could
bring this about as:

1. Loss of buoyancy due to coalesc-
ing gas bubbles under the platform

2. Loss of one or more anchors in
combination with the forceful jet stream
under the platform.

In either case, the platform would
topple and sink. Inherent in its design,
Snorre A had no anchor chains that
would allow it to float out of harm'’s way;
thus the platform would go down onsite,
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ripping off the risers and destroying the
steel frame that collected 40 wells and
related equipment. The worst-case sce-
nario was not a single, topside blowout,
but a massive oil and gas blowout from
multiple wells in 350-m-deep water.

Disaster images mobilized. In their
decision-making, platform management
explicitly mobilized three familiar imag-
es to elaborate the consequences and ro
discriminate the current situation from
previous scenarios.

The first of these images is the April
1977 Bravo oil blowout, on the produc-
tion deck of the Phillips-operated Bravo
platform in Ekofisk Field. It was the first
major oil blowout in the then-young
North Sea offshore industry. Many had
seen on TV the fountain of oil erupting
into the air and spilling tons of crude
into the sea for days. However, this was a
blowout from a single wellhead on deck,
and it was (relatively) easily accessible.

The second image mobilized was the
equally well-known scene of the multiple
Kuwaiti oil wells that were set on fire by
the retreating Iraqi army in the first Gulf
War. Bulging black smoke clouded the
sky and tons of oil polluted land and wa-
ter. It took months to regain control of
the installations. Yet, they were on land
and far apart, hence readily accessible.

In the worst-case scenario of Snorre
A, the wells spilling oil would be only a
few meters apart, at 350-m water depth,
and probably covered by the wreck of the
platform. Oil would flow freely and con-
taminate the ocean in massive amounts
for months. And the platform manager
imagined that the oil would reach the
Norwegian shore and destroy wildlife,
nature and tourism for decades. Clearing
the coast would incur insurmountable
costs for local communities and seriously
burden Norwegian society and the state.
Statoil would be engaged in cleaning the
coast for decades, and probably would go
bankrupt. Furthermore, Norway’s repu-
tation and that of its major oil compa-
nies (Statoil and Norsk Hydro) would be
seriously damaged.

The platform manager did not fully
evacuate the platform but instead tried
to regain control over the well. Some
people were asked to volunteer to stay
on board, taking into account the skills
needed to handle the situation. The 35
who remained knew and trusted each
other, as well as the platform manager.
But trust would not go all the way if peo-
ple felt that they would die trying to save
the installation and the company.
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Another well-known, rich image was
mobilized that vividly illustrated the re-
maining crew’s possible death: the 1988
Piper Alpha disaster in the British North
Sea. Following an initial explosion and
due to reduced fire-fighting capabilities,
a series of further explosions and hot gas
fires destroyed the topside structure of
the platform within a few hours, killing
165 people: in the fire itself, while jump-
ing from the platform, or by drowning
while waiting for rescue. If the gas cloud
ignited, Snorre A would become a sec-
ond Piper Alpha, or so it seemed.

Defusing the imagery. To make per-
sonnel stay voluntarily, the platform
manager had to defuse the Piper Alpha
imagery. He had to make it plausible that
staying on board would not necessarily re-
sult in death. To do so he made a distinc-
tion between, on one hand, the ignition of
the gas cloud and, on the other hand, the
hot gas fire that would burn from the sea
surface under the platform, fed by the jet
stream of gas coming from the seafloor.
For each of these components he re-
cruited different images. For the ignition
itself, he called upon the experiences of
many people who have tried to ignite an
underpressurized gas stove: There will be a
dull pop, but not the violent release of en-
that you see in an explosion. Pressur-
ized gas will explode, but not unpressur-
ized gas in ambient air. Being dispersed by
the wind, this gas will burn away quickly.
Hence, in case of ignition, they would
not die in an explosion. Yet, the ignition
would ignite the gas fires that would burn
like torches from the sea surface under the
platform. However, these fires would not
necessarily kill those on board either, since
fire-fighting ships, covering the underside
of the platform with a horizontal screen of
water, would buy those on board enough
time to evacuate by helicopter or lifeboat.
The imagery mobilized in this case of
crisis management should not be seen as
representations of a reality. Questions of
their truthfulness are irrelevant here. There
was no time to do a reality check. Imagi-
native capabilities are important because
they facilitate communication, generate a
shared definition of the situation, coordi-
nate actions and provide cues for possible
actions and consequences, all in times of
great uncertainty where there typically are
no rules to guide decision making.

Improvisation. The ability to impro-
vise depends on knowledge, skills and
experience, but also on the local familiar-
ity with a particular installation. For the

Snorre A crew, this familiarity resulted
from extensive exposure to the installa-
tion in frequent corrective maintenance
jobs that were due to a sustained em-
phasis on cost reduction and deferral of
preventive maintenance, as well as from
regular emergency training sessions. The
crew did not suffer from what could
be called a reliability paradox—the loss
of maintenance skills and experience
due to the increase of system reliability.
Paradoxically, operating Snorre A like a
money machine maintained the impro-
visatory skills that saved the day.

Improvisations in two domains proved
particularly important. In compliance with
safety regulations, the platform lost main
power when the emergency shutdown sys-
tem was activated. The electrical system
had to be re-arranged to allow the main
power reactivation, a tricky procedure that
could have caused a total blackout, forc-
ing full evacuation. However, main power
was successfully reestablished, allowing
operation of the heavy equipment needed
to mix and pump the mud.

The second improvisation concerned
the air intakes. Gas in the air under the
platform had not been anticipated in the
design and location of the air intakes for
the ventilation systems and pumps. These
were placed at the platform’s underside to
prevent ingress of rain. To restore gas-free
air for pumps, ventilation of rooms and
cooling of computer systems, the intakes
were rearranged to the topside.

With main power restored, the crew
attempted to regain control of the well
by bullheading—pumping heavy mud
under high pressure, forcing the jet
stream of gas down and back into the
reservoir. The mud weight must be suf-
ficient, after removing the extra pressure
from the pumps, to counterbalance the
reservoir pressure. When this is achieved
the pressure at the level of the drilling
deck will be zero. When the density of
the mud is too low, or when mud is lost
through cracks or openings in the tub-
ing, reservoir pressure will result in new
pressure surges. Calculating the required
mud weight in a bullheading operation
requires specific skills and judgment.

The technician responsible for mixing
mud had, by mistake, been evacuated, but
was available on a nearby platform to as-
sist by phone. But the crew had to make
do with the fluids and dry matter for mix-
ing mud that were already available on the
platform; ships with new supplies could
not be offloaded because of the gas cloud.
It took several attempts with different den-
sities and compositions before the pressure



in the well was stable at zero. When this
was achieved, around 10 a.m. on Nov. 29,
about 13 hours after the observation of gas
in the sea, almost no mud was left. If this
last attempt to stabilize the well had failed,
another one would not have been possible.
Final and full evacuation would then have
been the only option left.

With the well stabilized and the source
of gas contained, wind dispersed the gas
around the platform. Supply ships, re-
lief personnel and new equipment could
now reach the platform and begin work
to further secure the well.

CONCLUSION

What lessons should be learned from
this account? Looking at the processes
immediately preceding the loss of control
we find violations of regulations, but we
also find locally optimizing and rational
proposals, attempts to do the job as well
as possible. The problem with these solu-
tions was that they reflected an inability to
imagine the consequences of the actions
for the ability to maintain a proper bar-
rier status. They were locally optimizing
but uncoupled. The ability to think the
whole barrier envelop, in a sense, provides
a metaphor for the cognitive, imaginative
capabilities required and able to keep lo-
cally optimizing solutions coupled within
an integrating perspective. This was the
“lack of competence” identified by the
accident investigation reports, which we
have called an imaginative deficit. Given
this imaginative deficit, it is not certain
that the cancelled risk assessment meet-
ing would have solved the problem.

The Snorre A incident provides evi-
dence of an imaginative deficit and asso-
ciated uncoupling of locally optimizing
solutions at the corporate level. Of course,
at that higher level of aggregarion it takes
a different shape. Here it is in the inability
to imagine the consequences of takeover
deals, cost-reduction programs and eco-
nomic incentives in contracts for the abil-
ity of lower-level units involved in safety-
critical work to maintain technical system
integrity. The result is a gradual deletion of
technical system integrity concerns in the
negotiation of solutions that restore, im-
prove and optimize business performance.

Technical integrity concerns are dele-
gated to lower levels and deferred in time.
The stress that derives from low and fall-
ing oil prices is transferred to safety-crit-
ical engineering and maintenance work.
Safety-critical work is thus entrained in a
culture of business performance optimi-
zation. For lower-level management, ex-
pressions of process quality derive from

this culture, not from technical reliability
and system integrity concerns.

Of course, this should not be the case.
Safety-critical work should be protected
from the regularity gradient that corpo-
rate-level executives project as a force field
through their organization. The challenge
will be to replace local expressions of pro-
cess quality that privilege business perfor-
mance with those that favor safety and reli-
ability. This requires at least partial reversal
of the pricing of time as it is currently
practiced through contracts, to make time
available as a resource for safety.

The successful recovery bears evi-
dence that resilience resides in people,
not in procedures or in technology. It
also provides, albeit tentatively, a view
on the kind of imaginative resources that
were mobilized into the management
of the crisis. Given the impossibility of
anticipating all possible system failure
mechanisms as design base accidents, the
problem will not be solved by making
better technical designs or designing bet-
ter procedures. The challenge will be to
design technical systems and procedures
that enhance the resilience thart resides
in people instead of systems that make
them more vulnerable. WO
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