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Abstract

With the trend of economic, regulatory and technological changes, demand of a comprehensive standard to systematically
evaluate and manage the risks of wellbore collisions has become significant in offshore oil development. Several accidents
happened during normal operations at the Bohai Sea oilfield, including boreholes collision and drilling through adjacent
casings. Under this situation, the China National Offshore Oil Corporation (CNOOC) adopted new offshore well anti-collision
standard and related remedial measures.

As part of the anti-collision safety operation system in CNOOC offshore oil drilling. the standard is designed and
established for requirements mainly in four perspectives, including: data and material collection specifications in the early
stage of drilling; anti-collision risk analysis in drilling design; anti-collision safety technical measures in drilling operation and
operation site:; remedial strategies and operations in case of wellbore collision. In this paper. we also describe how the standard
has been applied to the several recent cases, and discuss its benefits for the anti-collision risk control of drilling offshore
cluster wells and adjustment wells, treatment cost reduction, and marine environment safety.

Introduction

With the worldwide growth in offshore drilling activities, operators are encountering more complicated and more crowded
drilling, and greater emphasis is placed on avoiding collisions with offset wellbores. In China, there has been great
development in offshore oil with a few significant trends:

e Increased complexity of drilling technologies: mature technologies include shallow orientation technology, wellbore
controlling technology, and highly-deviated well sliding technology.

e Expanded project scope and costs in offshore applications: for example, there is great demand of large-scale
development of Bohai offshore region in a short term, and, usually, the offshore platforms with ambitious drilling
projects tend to increase the number of available slots without the expense of major additions to infrastructure.
Coupled with an already crowded environment of existing wells, the need to add new ones to extend platform life
creates very challenging collision-avoidance scenarios.

e  Greater well density and well pattern: with the support of mature technologies and the need of expanding offshore oil
development, the well pattern increases from 2x2 or 4x4 to 5x7 or 4x10, and the well spacing changes from 2m>2m
to 1.8mx=1.8m, or even smaller 1.5mx=1.6m.

On one hand, these trends greatly reduce comprehensive cost of cluster well, improve the platform utilizing rate, and
increase the oil field development speed; On the other hand, however, implications of well collisions are becoming significant:
many wells are drilled in close proximity to each other, making the cross-borehole and collision problems quite possible under
the conditions of crowded directional wells. Therefore, it is critical to establish comprehensive, reliable and effective anti-
collision risk management standard and remedial measures for China offshore drilling.

For the crowded cluster wells, there are mainly three types of anti-collision problems:

e Anti-collision between wells in the platform, including the inclination of straight well intervals, the depth at the kick

off point, and the initial orientation.
Anti-collision between wells in the platform and prospecting wells in the field covered by the platform.
Anti-collision between wells in the platform and wells in the nearby platforms.
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In following sections, the paper analyzes two cases of borehole collisions. Then based on a thorough investigation and
evaluation of the existing and potential problems as well as their consequences, it generalizes the experiences and lessons of
CNOOC regarding the anti-collision issue. Finally, the paper describes the anti-collision risk management standard and
remedial measures for offshore drilling in detail.

Case 1

The wells on the platform A in a Bohai Oilfield are distributed as 4x5 at the interval of 2mx=1.8m. For the drilled wells, the
borehole trajectory is shown in Fig. 1. The well A17h is the impending drilling well. and deviational survey data of A10h is
recorded as in Table 1.
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Fig. 1— Borehole trajectory of drilled wells.

TABLE 1— Well A10h statistical deviational survey Data
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Anti-collision scanning data of the well A17h and well A10h is indicated in Table 2.

TABLE 2— Anti-collision scanning data for well A10h and well A17h
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Based on the analysis of ant-collision scanning data, the distance between the two wells is 1.97m and separation coefficient is
2.589 at the depth of 215.81m. The two wells gradually separate from each other below the depth with no collision risk in the
following well intervals.

The well A17h began to slide and build angle from the depth of 224m, and when the slide drilling arrived at the depth of
229.4m, the pumping pressure increased by 50-100 psi with drilling pressure by 1-2T, and the mechanic drilling speed reduced
to 8-12m/h. There was an observation about abnormal parameters when the continuing slide drilling arrived at the depth of
229.6m. Parameter variation is shown in Fig. 2.
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Fig. 2—Drilling parameters variation of Well A17h.
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According to the results of anti-collision scanning software, there was no data indication of collision between the well A17h
and its offset wells. Therefore, it was decided to use rotary drilling for the followed drilling. When the rotary drilling reached
at the depth of 229.8m, the operator discovered that there was return of drilling mud between the casing 13-3/8" and casing 9-
5/8" in the well A10h, and there was no change for the liquid level of the casing 9-5/8". Then the PDC drilling bit was tripped
out and examined. As the edging teeth of the bit were grounded. it was confirmed that the well A17h was penetrated into the
casing 9-5/8" of well A10h.

Results Interpretation

e There was severe inclination on the surface. The straight intervals of well A10h inclined greatly, and, in particular, to
the internal slots. The straight well intervals all inclined to the degrees between 1.6°and 2.1°, and to the North of
3.42m and the South of 0.87m for the trajectory at 195m.

e The measurement tools and trajectory data generated elliptical error. There are a few measurement tools, including
ESS. GYRO and MWD. As the data measured by these tools all have systematic errors to different degrees during
the measurement process, there is deviation between the calculated borehole trajectory and practical trajectory. When
the interval between the measurement points is too large, it causes errors in the real borehole trajectory.

Case 2

In Bohai Sea oilfield, platform C had 435 slot structure and 1.8mx2m spacing. 14 wells were drilled as shown in Fig. 3. It also
can be seen that well C19h had serious collision risk. There were 7 drilled wells around well C19h and 4 out of 7 wells” kick
off points were shallower than well C19h’s. Therefore, before drilling well C19h we designed a detailed anti-collision and
bypassing barrier plan as demonstrated in Fig. 4.
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Fig. 3-Drilled wells’ wellbore trajectory on platform C
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WELLBORE TARGET DETAILS
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Fig. 4-Anti-collision and bypassing barrier plan for well C19h.

According to old CNOOC anti-collision risk management standard. operators used cone rock bit for drilling. When wellbore
12-1/4" was drilled to 335.7m. torque increased from 1.5kn.m to 2.5kn.m, pumping pressure from 9.7Mpa to 10.2Mpa, and
fluid volume was 3800L/min. The operators tripped out immediately and discovered that gas content increased quickly. Then
BOP was closed. Finally, Technician confirmed that drilled well C11h casing pressure decreased. Drilling parameters were
recorded in Fig. 5.
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Fig. 5-Well C19h drilling parameters records.
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Results Interpretation
Before operation, we realized that well C19h would have serious collision risk and made detailed anti-collision and bypassing
barrier plan, but operators penetrated well Cl1h’s casing eventually. After analyzing the results, we found 2 main
interpretations as follows:
e There was no trajectory data for well C19h from 0 to 211.56m. Operator treated this section as a vertical well section
to proceed anti-collision scanning.
e When drilling wellbore 12-1/4" of well C19h in shallow layer, MWD encountered magnetic interference which
caused gyro could not analyze trajectory direction.

Anti-collision Risk Management Standard and Requirement

After describing and analyzing 2 cases, we realize that the old CNOOC anti-collision risk management standard only regulates
the on-site operations. However, the old standard is not appropriate for the anti-collision management of crowded cluster
directional drilling. Consequently, the incomplete old anti-collision risk management standard could lead to several potential
issues, including:

Delayed modification for the general anti-collision design. To develop Bohai Sea oilfield, we adopt effective drilling and
production technology strategy based on exploration data to make a plan for drilling and producing operations at early stage.
In the drilling process, we evaluate the well once it is drilled, which helps us better understand the block resource
distribution. According to the evaluation data, we adjust well pattern to optimizing production strategy. However, this
technical mode leads to a frequent well design modification and further increase the collision risk when drilling crowded
cluster directional well. As a result, the inconsistency between the general anti-collision design modification and on site
operations may possibly cause disastrous consequences.

Inaccurate or unavailable trajectory data for existing wells. Inaccurate or unavailable trajectory data is the main reason that
leads to failure of anti-collision plan for Case 2. Case 1 demonstrates that data density can also influence anti-collision design
and operation, if it is not enough to reflect the actual offset well trajectory.

Lack of safety awareness. The other main reason causing wells collision is that operators or technicians do not have enough
experience and lack of safety awareness. Insufficient communication between onshore office and offshore site can negatively
affect the implement of anti-collision plan.

Against the above problems, the CNOOC improves and completes the offshore drilling anti-collision standard and related
remedial measures. For the improved standard, it emphasizes the anti-collision risk management of crowded cluster directional
drilling from two aspects: static anti-collision (i.e., anti-collision considerations in design) and dynamic anti-collision (i.e.,
anti-collision requirements in practical drilling). The detailed requirements are as follows:

Static anti-collision: optimize the overall crowded cluster well drilling plan and single well plan.

e  Slot arrangement and distribution. To avoid man-made wells intersect and decrease anti-collision operation difficulty,
the platform jacket should be installed according to drilling operation steps. Before starting well spacing, operator
also needs to consider well inclination. Wells having higher angle of inclination use outside slots and wells having
lower angle of inclination use the inside ones. Further we try to avoid azimuth crossed in the same slot line at the
same depth.

e Kick off point selection. In principle, Kickoff point should be in the homogenous layer with good drillability. To
lower reduce well the inclination angle at the hold angle section, the depth of crowded cluster wells” kickoff points
should be shallow. The depth of kickoff points should be gradually deeper from the boundary wells to wells at the
center part. Simultaneously, operators should consider avoiding horizontal magnetic interference.

To lower wells collision risk, pre-deviation plan should be adopted for marine riser and surface casing pipe.

e Drilling procedure meets the anti-collision principles. The directional wells with shallow kickoff points should be
drilled at the very first. Then ones with deep kickoff points can be drilled. Vertical wells are allowed to drill at the
final step.

o Before operation, the offset wells’ trajectory data should be acquired. For wells without available existing well
trajectory data, the supplement measurements are necessary. In the process, use anti-collision software assists
trajectory control. For the well sections causing collision risk, technicians must notify on-site operators to infill
measurements to make sure results reflect practical situation. Then a large scale accurate anti-collision drawing can
be draw. Meanwhile, single well design should consult the whole anti-collision plan to make spare conditions for
following operations.

e Update and confirm anti-collision plan timely. Based on modified well position and anti-collision difficulty, the latest
and optimized general and single well anti-collision plan must be made timely. Communicate with onshore
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departments, especially the reservoir department, to minimize the operations for avoiding obstacles. After verifying
the final design plan, the on-site operators must be notified timely.

Dynamic anti-collision: strength on-site and on-shore communication, improve approaches of conftrolling borehole
frajectory, and concern well conditions changes closely.

e Improve the measurement of surface intervals, and for the wells at collision risk, the gyro must be used to measure
the borehole trajectory. The reason is that most of straight well intervals’ collision and drilling out casing accidents
happen at depth around 250m to 600m. Therefore, to guarantee the data accuracy, gyro is required to double-check
the trajectory data when the well deviation is less than 20°. Anti-collision and avoiding obstacles design is performed
once the data is send back to the onshore office.

o Enhance the anti-collision management. To secure the drilling at casing shoe and succeed in directional drilling, it is
appropriate to apply directional gyro to directional drilling, and then use MWD tool when there is no magnetic
interference. The related operation regulations should be strictly implemented, and consistence of different data
reference systems is required for gyro measurement. Besides, before drilling the last 5-8 wells gyro is needed to
double-check the well trajectory data of offset wells.

e  Optimize drilling parameters. The approach of light weight on bit (WOB) should be adopted, and the drilling speed
should be controlled at straight well intervals, especially for sandwich sections.

e Pay close attention to the change of drilling parameters and returns of drilling mud. For the safety of offset wells, the
cone bit should be chosen for direction at first. After confirmed, the PDC bit can be used for the further directional
drilling. This is because that the main force of cone bit is press-in impact with small shear stress, which makes it
easier to examine the downhole conditions and reduce the damage to casing. In contrast, due to its rock-breaking
mechanism, the PDC bit has great harmful influence to the casing and makes the construction decision difficult. The
main phenomenon of bolehole collisions are:

1. Collide the casing when sliding drilling: under the conditions of constant pumping pressure, WOB does not
reduce. Meanwhile, the rate of penetration (ROP) becomes lower;

2. Collide the casing when rotary drilling: WOB increases, ROP becomes lower, and torque changes greatly:;

3. B total value of MWD is beyond the normal values;

4. Cement content in mud returns is high. There are even iron scraps in mud returns under highly serious
conditions;

5. There is impact sound in the offset well’s well head. In case of such situations, the pump should be
immediately closed and pulled off the bottom, in combination with other proper treatment measures.

o Effectively communicate and make arrangement with operators. To guarantee the smooth implementation of anti-
collision operation, warnings and instructions for the present anti-collision risks should be notified to operators.
During the operation, in addition to directional-drilling technicians for 24-hour continuous operation monitoring,
drilling supervisors are needed to coordinate and arrange every service. Specifically, the arrangement is:

1. At the drill floor, directional drilling engineers examine the WOB, ROP, and other parameters, and notify
the drilling supervisors of the abnormal phenomenon;

2. At the mmd shakers and overhead tank, specific person is assigned to monitor rock cuttings, and notifies the
drilling supervisors once observes iron scraps which needs mud engineers to reconcile and solve;

3. Logging staff are included to bail out, check the rock cuttings, and inform the drilling supervisors of
abnormal conditions.

Remedial Measures and Requirements
In accordance with the improved offshore anti-collision risk management standard, wellbore collision risk can be basically
eliminated. However, because of subjective factors by operators or technicians, wellbore collision may happen when anti-
collision plan cannot be effectively executed. Therefore, we need to make reasonable remedial measures.

If the collision happens during drilling process, appropriate wellbore collision remedial measures should be immediately
started. Firstly, we must stop drilling and pick up drilling string. Then, we should determine the collision location.
Sequentially, according to the actual collision situation we should make the appropriate remedial measures as follows:

Collide with production well
Notify the operator to shut down the submersible pump (ESP) immediately (stop injecting gas for gas lift wells). close ESP
packer’ release valve (close annulus packer’s release valve), then the reservoirs’ connectivity between penetrating position and
packer can be cut off. At the same time, ask all the present staffs to extinguish all the possible ignition points and prepare for
the emergency situation to prevent the potential health risk from toxic gas.
Penetrating casing causes different risks which need appropriate measures:
e Lost circulation: If the penetrating position is shallow, or packer failure with small reservoir pressure, drilling fluid
may flow into production well’s annulus causing lost circulation. At this time, operator should pay attention to
keeping drilling wellbore fluid level. Through checking flowback, analyze the efficiency of production well’s ESP
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packer (gas lift well’s annulus packer) timely, prepare for well control, and report real-time situation to onshore base.

o Kick or blowout: Kick or blowout occurs when oil from offset well flows into drilling wellbore without effective
packer. Once confirm the abnormal situation, soft shut-in is preferred. If formations have no leakage or the situation
is very critical, hard shut-in is the only choice. Operators should immediately adopt well control program. It is also
necessary to fully understand complex pressure system where production well reservoirs and shallow layers of
drilling well are connected. Report real-time situation to onshore emergency office and perform the feedback
instructions.

e Oil spill: After kick or blowout occurs, there is a risk to appear oil spill. If oil spill occurs in the drilling fluid
circulation system, we need to control oil spill volume and recycle the spilled oil as soon as possible; if oil spill
accident is caused by the high shut-in pressure (SIP) and layers leaking fluid at casing shoe. the emergency program
must be initiated immediately.

Collide with injection well

Stop injecting or pumping, observe casing pressure and standpipe pressure trend of the collided well. Drilling fluid flowing
into collided well annulus may display lost circulation phenomena, but this cannot lead to leakage because of disconnection
between drilling well and collided well layers. After stabilizing pressure, trip and backfill cement plug.

Collide with abandoned prospecting wells

If the drilling wellbore collides with the abandoned prospecting wells, there is little chance to cause serious health, safety, and
environment accidents. The main risk is sticking. It is possible that drilling wellbore sticks to abandoned prospecting wells at
penetrating position. It is also possible that the sticking causes cement dribbling. Under above situations, operators should
follow the normal procedure to deal with sticking.

Conclusions

This paper has outlined growing trends in the China offshore oil development and the various challenges of potential well
collisions posed by the large-scale intense projects and crowded drilling activities. To be specific, the paper studied two cases
of borehole collisions in Bohai Sea field and analyzed the survey data and measurement tools. Based on the recent experiences
and lessons, the CNOOC noticed that the demand of effective risk assessment and anti-collision management can be expected
to become more critical in the years ahead. Therefore, the CNOOQOC established the new offshore well anti-collision standard,
which comprehensively and specifically regulated the requirements and recommendations to reduce the collision risk. It is also
noted that the remedial measures concerning both the operation measures and operators is important to cope with different
well-collision situations. Currently the new standard and measures have been successfully applied to the directional drilling of
crowded cluster wells in Bohai Sea field, and been effective in the anti-collision management for multiple platforms.
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