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Summary of the post incident riser studies relevant to this Barrier only 

The complete Riser Analysis Studies Report is provided in Appendix C. 

Soft Hang-off – Transition Phase - After unlatching while clearing the location - RARS Active  

Following the initial recoil, the optimum position for the tensioners to be in is a neutral stroke position 
~1-2 m. from being fully retracted.  This modelling study looked at the soft hang-off predicted 
performance with the tensioners within the above range to determine the maximum tolerable vessel 
heave.  The RARS is active during this phase for these model runs.  

Adjusting the top tension by adjusting the APV pressure is the only way to increase / decrease the 
recoil point/height of the riser.  As the rig has experienced before, applying high top tension, either in 
combination with or without bleeding of the Nitrogen pressure on the tensioner blind side, can lead to 
the tensioners fully retracting upon disconnect.  

It should be noted the top tension / over-pull applied in this incident was very close to optimum, as the 
tensioner neutral point settled down approximately 1 m. from the tensioners’ end stroke after the 
disconnect.    

Stress Engineering’s modelled results for this mode are shown below. 

 

The results show heave tolerance up to ~ 6-7 m. before there is a risk of separation between the slip 
joint load profile and the split tension ring.  Compression in the riser during this phase is a lower level 
concern.  As validation of the above results, it should be noted that a 7.5 m. heave was experienced 
during this phase in the actual incident and there was no evidence of separation visible on the 
moonpool camera recording. 
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Soft Hang-off – Transition Phase - After unlatching while clearing the location - RARS Reset  

In order to closely examine the conditions at the time of the riser loss, modelling work has also been 
done by both Stress Engineering and Wood Group Kenny to help show the reduced heave tolerance if 
the RARS system is reset during this transition phase.   

The table below shows the Stress Engineering results using their STAAR model. 

 

The above table shows the tensioners are likely to fully close intermittently.  Note that no additional 
APV pressure has been added for these calculations, and that adding air, as was done in this incident, 
would lead to more tensioner closure and even less heave tolerance.   

The above two tables indicate a significant reduction in rig heave tolerance from ~ 6-7 m. with the 
RARS active to ~ 2-3 m. with the RARS reset.   

Wood Group Kenny also ran their model analysis using the actual heave data after the RARS was reset, 
and those results can be seen in Figure 2.6 below.  The Wood Group Kenny results indicate a loss of 
split tension ring load with less than 4 m. vessel heave. 
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Data points below provided by Wood Group Kenny Riser Analysis

 

These predictive models were run to help explain why this incident occurred.  Clearly the vessel heave 
tolerance is significantly reduced by resetting the RARS while the tensioners are in or near their fully 
retracted position.  This important Barrier system, ‘RARS remains active until the tensioners are set to 
mid-stroke operation to optimize and maintain tensioner compensation’ was made ineffective because 
of the following Immediate Cause and the failure causation sequence described later in this report. 

Further studies were done to determine optimum riser space-out, over-pull tension and rig offset at the 
time of unlatching.  The results of these studies are included in the report in Appendix C. 

Immediate Cause - STP instructed the RARS to be deactivated (reset) before the tensioners were 

adjusted to the mid-stroke position 

As mentioned previously, at approximately 15:15 hrs., the STP was asked by the Driller if he should 
reset the RARS, to which the STP responded to wait until the LMRP was positively clear of the 
BOP.  Then a couple of minutes later at about 90 seconds prior to loss of the riser, the Driller once again 
asked the STP if the RARs could be reset, to which he agreed this time. 

The failure causation analysis for this Barrier and Immediate Cause is the same as for the following 
Barrier and Immediate Cause in this report.  The full description of this failure causation analysis is 
included on the following pages and is not repeated here. 
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Failed Barrier - Tensioners compensate for vessel heave, and maintain concentric support of the 

riser string on the split tension ring 
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The National Oilwell Varco (NOV) N-Line Tensioner system comprises six tension cylinders, air/oil 
accumulators, air pressure vessels (APVs), a riser anti-recoil system (RARS), and a control system.  The 
tensioner elements are suspended from single supports with the cylinders connected directly to a split 
tension ring that is provided by Cooper Cameron Corporation (Cameron).  

Each tension cylinder is associated with a high-pressure accumulator bank, which provides air 
expansion volume, and acts as a hydraulic fluid receiver for each cylinder.  The gas volume and 
pressure in the APVs is selected to deliver the required tension, and to conform to the tension design 
criteria. 

With the riser connected to the BOP, when the vessel experiences an upward heave this tends to cause 
an increase in the riser tension.  To compensate for this, the tensioner cylinders extend to prevent 
excessive tension.  Similarly, as the vessel experiences a downward heave this tends to cause a decrease 
in tension, so the tensioner cylinders retract to prevent compression of the riser.  The objective is to 
maintain the split tension ring, and of course the riser slip joint load profile, at a more or less constant 
elevation datum while the vessel heaves up and down around them. 

At the time of this incident, the riser and LMRP were disconnected from the lower BOP, and were being 
fully supported by the riser tensioner system and split tension ring.  Without the riser being fixed to the 
seabed through the LMRP and BOP, instead of the riser tension tending to increase and decrease along 
with the vessel heaves, the riser string was now able to move up and down with the vessel.   

In its normal operating mode, the tensioner system could compensate for the movements of the vessel 
relative to the riser, could mitigate the vertical accelerations and velocities of the riser, and therefore 
could mitigate the amount of momentum developed within the riser.  This compensating action could 
prevent the tensioner shackles from becoming slack, and could ensure that the slip joint (outer barrel) 
load profile was always securely seated within the split tension ring profile.   

In the disconnected state, the tensioner’s nominal stroke out position can be controlled by adjusting the 
air pressure within the air pressure vessels (APVs) that are part of the tensioner system.  As air is 
added to increase the pressure in the APVs, the tensioners retract or stroke in.  If enough air is added, 
the tensioners will retract completely but will still be able to stroke out if enough weight is put on them.  
If still more air is added, the amount of weight needed to get some stroke out is also increased.  This 
tensioner condition is referred to as ‘rigidized’.  In a rigidized condition with the LMRP unlatched from 
the BOP, the riser is allowed to move vertically along with, and with the same amplitude, as the vessel 
heaves. In this condition, the vertical riser accelerations, velocities, and the momentums that developed 
in the riser became significant, and then critical in the minutes leading up to this incident.   

Immediate Cause - Senior Toolpusher instructed Driller to add air to the tensioner system to 

fully retract the tensioners, and maintain them retracted 

At approximately 15:16 hrs., the Senior Toolpusher (STP) instructed crew members (ultimately the 
Driller) to add air to the tensioner Air Pressure Vessels (APVs) in order to retract (i.e. close) the 
tensioners, and to maintain them retracted.  Over the next two or three minutes, air was added to the 
APVs several times in order to maintain the tensioners fully retracted, and to also prevent them from 
forcefully banging due to the vessel heaves.   
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As described above, with the tensioners fully retracted, the tensioner system was "rigidized", and the 
tensioners could not compensate for the relative movements of the riser and vessel.  Therefore, as the 
net loads from the riser that was supported by the split tension ring began to cycle higher and lower, 
the distribution of the weight on the split tension ring began to vary significantly as well.   

As mentioned previously, over a series of vessel heaves, the load (i.e. net weight) of the riser on the 
tension ring decreased to the point that the tensioner shackles first became slack, and then the slip joint 
(outer barrel) load profile disengaged from and lifted above the split tension ring profile.  This 
tensioner Barrier system was therefore made ineffective by adding air to the system to fully retract the 
tensioners. 

Date / Time 3/5/2016 15:16:00 PM 
Time before incident 5 minutes before incident 

The following descriptions of the Preconditions and Latent Factors also apply to the previous Barrier and 
Immediate Cause. 

Precondition - The potential effect on the interface between the slip joint load profile and split 

tension ring profile resulting from fully retracting the tensioners and resetting the RARS was 

not well understood 

The unforeseen and un-modelled consequences of fully retracting the riser tensioners, and of resetting 
the RARS with the tensioners retracted, was neither anticipated nor previously experienced by any of 
the crew members on the IceMax involved in this unlatching operation.  This includes a portion of the 
crew that had worked in harsh environments and carried out many unlatches previously, and one 
individual who had experienced many disconnects on the sister vessel Stena Carron. 

The STP stated that his intention was to fully retract the tensioners to maximize clearance over the 
BOP, and he was not aware of any downside from doing this.  After the LMRP was clear of the BOP, his 
intention was to let air out of the APVs again to reset the tensioners in their normal mid-stroke 
position. 

Riser dynamic modelling was performed but the effects of the RARS on the behaviour of the riser 
during the transition phase between LMRP lift-off and soft hang-off condition were not modelled.  This 
resulted in a lack of adequate understanding about the optimum desired positioning of the riser 
tensioners and timing for resetting the RARS during this transition phase, and the additional risks 
presented by marine riser uplift when the tensioners are fully retracted and not able to fully 
compensate for the rig motion.   

Precondition - All interviewed crew members7 believed that the best position for the tensioners 

after unlatching was to be fully retracted and that RARS should be reset soon after the LMRP 

clears the BOP 

The original riser analyses did not model the transition between LMRP lift off and getting to a safe 
distance from the well location, and specifically the tensioner system behaviour when they were fully 
                                                             
7 Reference “Appendix A” for a list of all personnel interviewed. 
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retracted with the RARS reset.  What was happening after the tensioners began topping out was 
counter-intuitive to the senior crew members (i.e. that fully retracting and locking up the tensioners 
was worse than allowing the tensioners to compensate for the vessel movements).  It appeared more 
logical to them to retract the tensioners fully and to reset the RARS once they were sure the LMRP had 
cleared the BOP. 

The SSSE had two years’ experience on the Stena Forth, and two years’ on the Stena Carron where he 
has seen approximately 15-20 disconnects.  He confirmed that the IceMax procedures for disconnecting 
were copied across from the Stena Carron, and that there had been some small revisions to the 
procedure following the visit of the STP from Stena Carron.  (The Stena Carron Senior Toolpusher was 
seconded to the Stena IceMax in Canada to liaise with the operational personnel and give guidance on 
harsh weather operations.)  The SSSE stated that, after the unlatching, the tensioners retracted 
normally as they should.  He heard the instruction to “air up” given to the Driller by the Senior 
Toolpusher.  The SSSE did not intervene in this because he had seen the tensioners fully scoped in or 
retracted many times on the Stena Carron without any adverse effects.  In fact, the SSSE knew the top 
tension prior to disconnect, and when tensioners did not more fully retract he thought that perhaps the 
RARS valve had potentially closed too much. 

Precondition - The crew's intent and focus was to create and maintain maximum vertical 

clearance between the unlatched LMRP and the BOP 

When the IceMax experienced the first ~9.25 m. heave (i.e. the unlatching trigger heave) whilst waiting 
on weather, crew members were surprised because the heave and pitch seemed to have reached its 
most severe levels earlier in the day, and the barometric pressure began to rise indicating that the 
worst part of the storm had passed.  Realizing that this unexpected heave was well over the operating 
guideline criteria to unlatch, the STP then became concerned that a similar sized heave after unlatching 
could result in the unlatched LMRP coming close to, and perhaps even clashing with the BOP mandrel.  

The trigger to unlatch in this case was vessel heave greater than 8 m. as per Stena procedures.  The 
maximum vessel heaves being experienced at the time of unlatching were approximately 6 m., and the 
largest heave after the ~9.25 m. was 6.6 m. in the 15 minutes following the trigger heave.  LMRP 
unlatching is normally performed in the lee period right after a relatively large heave.   

An initial review of the data as part of this investigation indicates that the LMRP after unlatching may 
have been in close proximity to the BOP mandrel at the bottom of another large vessel heave.  Upon 
unlatching, the RARS allowed the tensioners to retract as designed (i.e. stroke in) to the point where the 
rods were ~1.25 m. from being fully retracted.  This allowed the tensioners to continue to compensate 
for about 2.5 m. of vessel heave without bottoming out.   

By fully retracting the tensioners, the clearance of the LMRP over the BOP mandrel was indeed 
increased.  However, as the tensioners became rigidized in their fully retracted position the heave 
amplitude of the riser changed from a damped maximum amplitude of about 2.5 m. to the full 
undamped amplitude of the rig heave which at the time of the incident was around 6 m., and which was 
~9.25 m. 19 minutes earlier. 
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Precondition - The Senior Toolpusher was concerned by an unforeseen vessel heave of ~9.25 m.  

Related to the above Precondition, although the actual vessel heave was increasing during the morning 
(i.e. trending) towards the operational limit decision criteria to unlatch at heaves over 8.0 m., 
expectations amongst the senior crew members were that the vessel heave would not get over 8.0 m.  
As described previously, the forecasted maximum heave had been reduced in each subsequent weather 
forecast as the predicted time of these heaves got closer to the time the forecast was developed.  The 
senior crew members were all expecting to ride out the storm without the need to unlatch.  When the 
vessel experienced the ~9.25 m. heave the Senior Toolpusher became concerned about ensuring 
adequate clearance between the LMRP and the BOP after unlatching. 

Having experienced one unanticipated ~9.25 m. vessel heave in the predominantly 6 m. heave 
conditions appears to have contributed to the STP’s desire to maximize clearance.   

Latent Factor – Current riser analysis studies that do not identify failure mode scenarios for the 

transition phase after unlatching in a harsh environment 

It was industry accepted practice to model riser dynamics in harsh weather using known failure modes, 
and such riser analyses were indeed done for the Cheshire well.  This investigation revealed that the 
Riser Analysis could be improved by including more detailed analysis in riser behaviour for the 
transition phase between riser disconnect and when the LMRP is adequately clear of the BOP.  
Furthermore, it was previously recognized that there are significant risks in general associated with 
working in a harsh environment and joint workshops were held to help identify these risks and 
relevant failure modes.  These workshops also did not identify the need for additional riser analysis for 
the transition period. 

Another aspect relevant to this incident is that the preconditions describe a situation where key 
individuals focussed their attention on their critical tasks executed in such a way to ensure that the 
LMRP did not clash with the BOP mandrel immediately after unlatching.  Their focus was to safely 
unlatch and move the vessel away from the wellhead – which was achieved.   

The risk assessments and procedures that were established on the IceMax, were tried and tested on 
sister vessels in similar environments without incident.  There are no records of this type of riser 
failure event occurring in the industry before.   

Latent Factor - Disconnect procedures describing LMRP unlatching do not describe the post 

unlatching sequences of optimum tensioner and RARS configurations 

Stena disconnect procedures which include information about LMRP unlatching and RARS 
configurations, do not describe the sequence of optimum tensioner configurations to positively 
maintain adequate clearance from the BOP whilst still adequately compensating for vessel heave.  
Similarly, the optimum timing of when to reset the RARS after unlatching and during the transition 
phase is not defined.  These procedures were adopted from the Stena Carron.   

Critically important terms such as "soft hang-off" and "hard hang-off" are not consistently defined in 
the existing procedures, and are therefore sometimes used to refer to more than one tensioner 
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configuration.  Clearly defined terms that are associated with activities can help to improve 
communications, and ultimately the situation awareness amongst the team.   

Latent Factor - The Riser Analysis does not model the effects of damping and RARS influence on 

riser dynamics in soft hang-off mode  

Refer to Appendix C for a comprehensive summary of the additional Riser Analysis studies that were 
done after this incident. 

The original riser analysis covered all the conventional riser design aspects, and these have been shown 
to be accurate.  However, the riser analysis did not study the effect of completely closing the tensioners, 
nor did it look at the effect of resetting the RARS with the tensioners in a fully retracted condition.  

In order to give clear guidance to the operations team, the heave limitations throughout the disconnect 
process for all phases from connected right through to hard hang-off have been extensively analysed.  
Initial model runs focussed on the riser configuration as run on the Cheshire well to show how the 
incident occurred.  Further analysis was then performed to show the improvements possible with 
changes to the riser design.   

This resulted in the following findings: 

1. Reduce the riser length by 1.5 m. (5 ft.) to optimise the operating stroke of the tensioners 
2. To improve recoil performance: 

a) Increase top tension prior to disconnect by 50 kips over the current 135 kips plus 5% riser 
wet weight. 

b) Offset the rig by 2% of the water depth down current to reduce risk of LMRP contact with 
BOP  

3. The RARS should never be reset with tensioners in a recoiled position 
4. Reduction of trigger heave to 7m for remainder of Cheshire Well  
5. Running 5-10 bare joints to increase operability without compromising BOP running load.     
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Recommended “Table of Limits” for Harsh Weather Operations involving the Stena IceMax 
  

Phase of operation Max Heave 

Allowable 

Base Case + 

5ft lower 

spaceout 

Recoil 

System 

Status 

Limiting Factor 

Connected waiting on 
weather 

10m Inactive a) Tensioner speed - RAR’s will activate at 
2.5m/s 

Connected disconnect 
initiated (EDS with no 
unlatch) 

8m  

 

Active a) Slip joint outer barrel lift-off from the 
tension ring 

b) Compression in the riser 

Recoil during LMRP 
lift-off 
includes  additional 
50k over pull and 2% 
water depth offset 

4m 

 

5m  

Active a) Collision between the LMRP and BOP 
mandrel (4m limit) 

b) Slip joint outer barrel lift-off from the 
tension ring (5m limit) 

Transition to safe zone 
– tensioners high on 
stroke   

7m  Active Slip joint outer barrel lift-off from the  tension 
ring 

Transition to safe zone 
– tensioners high on 
stroke (Not a permitted 
mode – RARS Inactive) 

4m  Inactive a) Slip joint outer barrel lift-off from the 
tension ring 

b) Compression in the riser 

Soft Hang – mid stroke  10m Active a) Slip joint outer barrel lift-off from the 
tension ring 

b) Compression in the riser 

Soft Hang – mid stroke 10m Inactive a) Tensioner rod speed triggers riser anti-
recoil 

b) Slip joint outer barrel lift-off from the 
tension ring 

Hard Hang-off >10m Inactive Riser lifting off the gimbal 
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Latent Factor - Competence Assurance Profiles do not identify tensioner operation during 

unlatching (e.g. during EDS), the relevant training, and necessary verification 

Tensioner equipment operating training on the IceMax is performed through informal on-the-job 
training processes.   

As a minimum, the senior crew members who the investigation team feel should have specific 
competences related to tensioner configuration and riser behaviour when unlatching, soft hang-off, 
hard hang-off, etc. on the IceMax for the Cheshire well are the: STP, Senior Driller, and Senior Subsea 
Engineer . The Competence Assurance Profiles for these roles do not include operation of the 
tensioners and the riser behaviour during these activities.  The personnel on the bridge making the 
decisions included the OIM and SSSE with extensive experience unlatching in harsh weather conditions.   

The Sr. Toolpusher on duty at the time has seen one prior disconnect on the DrillMax, and none on the 
IceMax. 

The SSSE has two years’ experience on the Stena Forth, and two years’ on the Stena Carron where he 
has seen approximately 15 to 20 LMRP disconnections.  He has been on the IceMax for 2 ½ years but 
has not seen any disconnects there.  Similar to most of the crew members, the SSSE does not have 
authority in the decision to unlatch however is part of the specialist team that provides an advisory role 
to assist the Senior Toolpusher (and OIM) in making this decision.   

The Toolpusher on duty at the time stated that he had received no formal training on the subsea 
equipment.  He did read the NOV Tensioner manual and the Riser Analysis; however, he stated that he 
did not understand much of the contents of the latter.  He did remember that apparently the NOV 
Tensioner manual states that upon unlatching the tensioners will stroke all the way in.  (Note that the 
NOV Tensioner manual states in section 1.3.2 EDS Emergency disconnect that, “The cylinders will have 
reduced speed before fully retracted position is reached”.)  This statement has apparently been 
interpreted by several key individuals as meaning that the tensioners can be safely operated in the fully 
retracted position while in soft hang-off mode.  The Toolpusher was not invited to nor did he attend the 
Harsh Environment Workshop discussed below (Stena only delegated so many personnel to attend).  
He stated that this was the first disconnect that he had actually witnessed.  The Toolpusher does not 
have decision authority to unlatch however he is part of the specialist advisory team. 

The Driller on duty has never seen a disconnect operation on a drillship, nor in fact during his entire 
career.  The Driller does not have decision authority to unlatch however he is part of the specialist 
advisory team. 

The Subsea Engineer (SSE) on duty at the time of the incident stated that he had never performed a 
disconnect on the IceMax.   The SSE does not have decision authority to unlatch however he is part of 
the specialist advisory team. 

Prior to commencing drilling, a Harsh Weather Workshop was held by Shell where Stena participated 
to provide a venue to share experiences about operating in a harsh offshore environment.  At the 
workshop, experienced harsh environment personnel offered guidance on the following:   

• Harsh weather preparedness  
• Equipment preparation 
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• Review of documentation  
• Drilling fluids management  
• T times  
• Environmental Trigger points 
• Corroboration for weather forecasting 
• Heavy weather checklists, and 
• Coaching of Drilling personnel. 

The above elements were bolstered by one of Stena Drilling’s experienced harsh environment Senior 
Toolpushers.  He shared his harsh weather knowledge onboard the IceMax for 28 days during the early 
stage of operations of the Cheshire well.   

Riser tensioner procedure during and after disconnect were not covered in the competency profiles.  

Latent Factor - There is no real-time indicator or robust model for the relative positions of the 

LMRP to the BOP during the transition to soft hang-off  

The action to fully retract the tensioners immediately after unlatching was in order to maximize the 
clearance between the LMRP and the BOP.  No proximity sensors, real-time video, or other such 
instrumentation provided an indication to the crew of the relative position of the LMRP to the BOP.  In 
this case and in heavy seas, the Senior Toolpusher and Driller did not have any positive information 
about when the LMRP was clear of the BOP; therefore, they did what they could to maximize the 
clearance until they moved to what they considered a safe distance away.   

If some type of real-time indicator or model of the relative positions of the LMRP and BOP was available 
to the crew, they could adjust the tensioners appropriately to maximize the clearance, and then restore 
normal tensioner stroke lengths as soon as the equipment is clear.  Such real time or modelled 
information would facilitate the STP to know when the tensioners could be positioned to mid-stroke, 
and when the RARS could be reset.   

There are instruments available and able to read the horizontal displacement between the LMRP and 
BOP.  The system available is called HiPAP (High Precision Acoustic Positioning) and it is able to read 
the horizontal displacement between the LMRP and BOP (provided the datum position is input when 
the BOP is run).  These coupled with the tensioner stroke can provide vertical clearance data.  This was 
uncovered during the investigation and was not previously recognized as a tool either on IceMax or 
elsewhere in the Stena fleet.  In short the system can be interfaced with subsea transponders to provide 
positioning references to the operator.  A full description of the HiPAP system can be made available 
upon request. 

This was uncovered during the investigation, and was not previously recognized as a tool required 
either on IceMax or elsewhere in the Stena fleet.  These instruments could potentially be used to 
provide real time LMRP to BOP position information to the crew. 
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Latent Factor - Weather systems and the ship’s response to them are highly variable and require 

experienced and qualified personnel able to interpret data from multiple sources  

Weather forecasts are received four times daily from Amec Foster Wheeler.  These are rolling seven-
day forecasts that have been reasonably accurate for the first two or three of the days of the forecast 
period.  Included in this "Marine Site Forecast for Stena IceMax" is a Vessel Motion Chart of “Sig Heave” 
and “Max Heave”.  On these charts, the forecast (i.e. calculated) Significant Heave appears to trend at 
approximately one half of the forecast Max Heave values.  The Stena IceMax marine department also 
utilizes other sources of weather data from the Internet, and other weather forecasts provided by Shell. 

Meetings are held twice daily in the Stena IceMax STP office at 06:00 and at 18:00 with STP, TP, Shell 
DSV, Night Shell DSV, Amec Marine Forecaster, and the OIM to discuss weather forecasts.   

Based on the weather forecast and discussions within the group, a decision may be taken to secure the 
well and displace the riser.  The timing of this decision is based on the T-times provided by the STP to 
leave the IceMax in a safe position prior to the earliest possible un-latch requirements.  Riser 
displacements have been done 12 times during the Cheshire well.  

Stena document number: L2-DOC-OPS-4834 -  
 

 
 

   
  
   
  
 y. 

From interviews, the perception on the rig is that the actual vessel heave experienced on the IceMax is 
generally somewhere in between the Max Heave and Sig Heave predictions that are provided by Amec 
Foster Wheeler, and usually closer to the Sig Heave predictions.  On the day of this incident, the Max 
Heave forecast, for approximately the time of the incident, was about 8 m. and the Sig Heave forecast 
was about 4.3 m.  The actual heaves recorded for the IceMax on the afternoon of the incident were 
generally between 6 and 8 m, (i.e. close to the predicted Max. Heave in the Marine Site Forecast), except 
for the instance where the vessel heave exceeded 9 m. (as measured on the tensioners).  The vessel 
heaves recorded by Motion Reference Units (MRUs) on the vessel vary from each other depending on 
where they are located and from the tensioner strokes which are actual physical movements during the 
heaves. 

The Max Heave forecast is therefore not always adopted to trigger precautions as laid out in the Stena 
document L2-DOC-OPS-4834 “Environmental Effects and Operational Limits - DrillMax and IceMax 
Class Vessels”.   

: 

“  
 

.” 

Reques 10,555.192 4.0 version Riser Incident Page 31 of  115



ATI s. 20 (1) (b) (c)



Shell Canada Limited & Stena Drilling Ltd. Restricted  

Shelburne Basin Venture Cheshire L-97 - LMRP & Riser Loss to Seabed 30 

Report version 4.0  

 

On the day of this incident, the Amec Foster Wheeler forecast indicated that a Max. Heave of up to about 
9 m. was possible.  Although this forecasted maximum exceeded one of the disconnect criteria values of 
8.0 m. for a short time, the normal practice on the vessel was to consider the Amec Foster Wheeler 
forecast information  when deciding whether to disconnect or not.  In this case, preparations to 
disconnect were completed well in advance as expected; however, the crew did not expect to have to 
actually unlatch the LMRP during this weather event.  They expected to ride out the storm with the 
LMRP connected, unless of course actual conditions worsened significantly and actually reached one or 
more of the predetermined disconnect criteria.  Ultimately, the decision to disconnect was made soon 
after the unexpected ~9.25 m. heave.  This decision to disconnect was further supported when the rig 
pitched ~5.9˚ during a 10 m. excursion astern after initial unlatch attempt with blue pod. 

Appendix D highlights the forecast vs. actual weather associated with 12 previous displacements to sea 
water on the Cheshire well.  This includes one unlatching event that was completed based on the 
forecasted conditions when it turned out that the actual weather conditions did not deteriorate past 
any of the predetermined trigger points for unlatching.  This event reinforced the senior crew 
members’ approach to carefully analyzing weather forecasts predicting marginal conditions when 
determining if unlatching is actually warranted.  This is also aligned with discussions held during the 
Harsh Weather workshop.  Some relevant discussion points at this workshop were: 

x That a preferred procedure is to not pull the riser unless absolutely certain it was needed, 
x That it is difficult to get forecasts that will give confidence that unlatching is the right decision, 
x The need to look at weather trend when making decisions  

A similar approach seems to have been taken for deploying an ROV to the sea bed, prior to weather 
deteriorating, for visual verification of LMRP un-latch as required by Stena procedure L5-DOC-ICE-
5931 “Un-latch and Hard Hang-Off of LMRP and Re-Connect (Stena Ice Max, Drilling RSWM)7 although 
this was not the procedure being followed on the day of the incident.  The procedure being followed on 
the IceMax on the day of the incident was L5-DOC-ICE-4504 “Planned LMRP Unlatch (Stena Ice Max, 
Subsea RSWM)6, and although this procedure does mention using an ROV it is not as explicit as the 
5931 procedure, and there is no requirement in L5-DOC-ICE-4504 to launch the ROV when using the 
Emergency Disconnect System (EDS). 

Max Heave predictions, like other weather forecast data, cannot always be an absolutely accurate 
forecast of the maximum value of potential heave that a vessel might experience.  There is a range and a 
probability associated with such forecasts.  This was also discussed during the Harsh Weather 
workshop and documented as, “Heave prediction is based off a model that looks at wave energy and the 
Response Amplitude Operator (RAO) curves.  It was developed for the Stena Carron.  There is an 
uncertainty band in the weather predictions.  Meteorologist is on board to observe conditions and 
predict potential anomalies in conditions.”  as documented in the Adverse Weather Contingency Plan. 

At the start of the well, a wave rider buoy for Cheshire well was placed about 4 km. away but it was 
damaged before this incident.  Amec Foster Wheeler has advised the investigation team that the loss of 

                                                             
7 Level 5 documents are defined by Stena as “Rig Specific Work Methods” that are created at the rig level for a 
specific operation or task for that vessel.  
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this buoy had no bearing on the weather forecasting.  To confirm local conditions Amec were using the 
buoy 29 km. away (buoy 44137) which is still considered relatively close. 
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Event 2 - The riser slip joint load profile disengaged from and rose above the split 

tension ring profile by ~ 0.5 m. 

 

This event is a sequential continuation of the previous event.   As the vessel and riser heave cycles 
continued, the amount of net riser weight being supported by the split tension ring also continued to 
cycle with the full weight of the riser system being fully unloaded from the split tension ring for a 
longer period of time.  The tensioners began bottoming out for longer on each subsequent heave 
allowing the riser to accelerate along with the vessel to a greater upward velocity. 

At a certain moment in time as the vessel began to heave and accelerate downward, the upward 
momentum of the riser drove the slip joint load profile to rise approximately 0.5 m. above the split 
tension ring fully disengaging the mating profiles.  Due to the concurrent lateral forces from the riser 
and vessel in rough seas, the necessary symmetrical axial loading was also compromised at this time. 

Date / Time 3/5/2016 15:21:35  
Time before incident 2 seconds before incident 

Agent - Approximately 6 to 8 metre vessel heaves continued 

Self-explanatory, no further description is needed. 

Object - Riser tensioner shackles periodically went slack, and the slip joint load profile lifted 

slightly off the split tension ring 

This Object has been previously described as Event 1, and this description is not repeated here. 
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Failed Barrier - Air pressure adjustments in the tensioners optimize their stroke behaviour 

 

There are three inter-related barriers shown in this part of the incident model that could prevent the 
riser slip joint load profile from disengaging from and rising above the split tension ring profile by 
approximately 0.5 m.  All three barriers share the same actuator sub-function - to adjust the air 
pressure in the tensioner system to optimize their stroke behaviour - but they differ in how the other 
sub-functions are provided.   

The design of the split tension ring allows the riser and slip joint load profile to move upward relative 
to the tension ring when the downward riser string load is negated by the falling rig and upward 
momentum of the riser string in rough seas.  To minimize the upward momentum of the riser in a soft 
hang-off configuration, the air pressure in the tensioner system must be adjusted so that the tensioner 
stroke behaviour at all times fully compensates for the relative movements of the riser and vessel.   

A brief explanation here of a ‘dynamic’ barrier system may be helpful to explain these three inter-
related barrier varieties.  All dynamic barrier systems must include the following three sub-functions, 
and each must be sequentially effective, in a close-coupled loop, in order for that barrier system to 
provide its intended function when needed: 

• Sensor - the part of the barrier system that senses the relevant characteristics or conditions 
related to the control system; 

• Logic - the part of the barrier system that determines the appropriate response to the sensed 
condition with respect to the control system; and the 

• Actuator - the part of the barrier system that actually delivers or provides the required 
controlling or defending function as needed. 

Although the three barriers (this one and the two following) shown in this part of the Tripod incident 
model all have the same actuator (i.e. Sr. Toolpusher and/or Driller adjust the air pressure), the sensor 
and logic sub-functions do vary.  In this first barrier system, all three sub-functions must be done 
effectively by a person(s).  In this case, someone must visually sense the abnormal condition of the riser 
and tensioners, someone must understand the system and decide what the appropriate response is, 
and finally someone must actually adjust the air pressure appropriately.  These sub-functions could be 
done by one or a combination of individuals.  In the incident model, this barrier system is shown as a 
failed barrier because this process is how these activities were intended to be done on the IceMax if this 
was implemented effectively; therefore this barrier system is considered as ‘established’.  The following 
two similar barrier systems are shown as potential barriers because these systems were not fully 
established on the IceMax. 
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Immediate Cause - Sr. Toolpusher instructed Driller to add air to the tensioner system to fully 

retract the tensioners, and maintain them retracted 

The causation path for this Immediate Cause (IC) is the same as for the same IC described in the 
previous Tripod Trio. 

Air was added to the tensioner Air Pressure Vessels several times with the intention to fully retract the 
tensioners and to maintain them retracted.  The crew members’ concerns were focused on potential 
LMRP-BOP clash.  Their focus was to safely unlatch and move away from the BOP which was 
accomplished.  It was never envisaged or modelled that the riser, with the tensioners being retracted, 
would escape the split tension ring. 

Potential Barrier - Extreme in/out tensioner position alarm warns driller of an abnormal 

position, and driller optimizes the tensioner stroke 

 

This barrier is very similar to the previous failed barrier; however, in this system the sensing sub-
function would be instrumented to provide an alarm to the crew.  The logic and actuator sub-functions 
would then behave exactly the same as in the previous barrier.  An alarm function may be added to the 
existing tensioner system because position and speed sensors are already built into the tensioners.  
However, establishment of such a barrier system would require a design change, and therefore is 
considered a potential future opportunity. 

Refer to the following statements taken from National Oilwell Varco Norway document V6032-Z-SA-
001C “N- Line Riser tensioning system Stena Drillmax 4”: 

All the NOV riser tensioner cylinders are continuously position and speed monitored by a micro 
wave system integrated into the cylinder.  Signals from this system are processed through the 
tensioner PLC. 

Section 1.8 Piston rod position- and speed measurement system 

The piston rod position- and speed measurement system consists of Microwave sensor system 
built in to the top end (low pressure side) of the cylinder. The MW consists of an antenna and 
electronics, and measures at the piston surface, sensing the movement of the piston (rod).  
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