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Abstract 

As previously presented (MTS DP Conference 2019), the purpose of the eWSOG framework is to enable 

the rig operators to digitalize their WSOG adding system interdependencies and real-time dynamic 

elements. It can also bring predictive capabilities to the legacy WSOG concept for increased safety and 

operational efficiency. 

 

The eWSOG is available real-time both offshore on the bridge, and onshore via the cloud allowing the 

office-based support personnel to assist the rig crew in the evaluation of challenging situations. 

Additionally, the eWSOG has a response forecast functionality that can be used to plan near future 

operations and help increased awareness for decision-making personnel. 

 

The eWSOG has matured from a prototype in 2019 to a fully functional application providing added value 

to offshore drilling operations in various environments and this paper will outline lessons learnt, 

improvements and three case studies demonstrating the potential of how eWSOG can support offshore 

drilling operations. 

 

The first case study will demonstrate how the eWSOG application is an enabler for adoption of dynamic 

watch circle, enhanced green DP and EcoAdvisor technologies to support energy efficient operations. 

 

The second case study will describe how eWSOG facilitates, through its interconnection with RMS, active 

management of the vessel set point to minimize lower flex joint differential angle for key seating mitigation. 

The eWSOG framework allows for visibility on RMS readings, flex joint angles and other key parameters, 

while ensuring to all specified operational limits are adhered to within the eWSOG.  

 

The third case study will describe a harsh environment situation where active use of the eWSOG real time 

and forecast modules could have de-risked the operation and possibly avoided a force off event. 

Abbreviations / Definitions  

ADCP  Acoustic Doppler Current Profiler 

ASOG   Activity Specific Operating Guidelines 

DOE  Dynamic Operability Envelopes 

DP  Dynamic Positioning 

DPO  Dynamic Positioning Operator 

DWC  Dynamic Watch Circle 

EcoAdvisor Software module to optimize power plant set up 

EDS  Emergency Disconnect Sequence 

eGDP  Enhanced Green DP 

eWSOG electronic Well Specific Operating Guideline 

Hs  Significant wave height 

MODU  Mobile Drilling Unit 

ML  Machine Learning 

POD  Point of Disconnect 

RMS  Riser Management System 

RWC  Red Watch Circle 

WSOG  Well Specific Operating Guideline 
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1.0 Introduction 

The history of Well Specific Operating Guidelines (WSOG) date back to the late 1990’s, originating for 

North Sea applications. Statoil were one of the first operators to being formalizing the concept, which they 

developed into what would become Statoil’s Corporate DP Technical Requirement document, TR1029. 

Similar requirements have since been adopted by most major Operators. At its core, the WSOG is designed 

to mitigate risk by establishing safe working practices for offshore drilling units. The WSOG works by 

setting limits for various operating status conditions, with clearly defined actions to be taken by the DPO 

and crew in the event of a change in status which impacts the vessels capacity [3]. 
 

The electronic Well Specific Operating Guidelines (eWSOG) originated from an idea of digitizing the 

paper-based form. The first iterations were an applied software solution that, in simple terms, mirrored the 

lines of the paper version and leveraged the interconnectivity of various onboard systems to automatically 

determine the operation condition, or status of vessel and present this to the user. Over the years the 

eWSOG, based on feedback from users and client requests, has evolved and developed within a larger suite 

of tools aimed at supporting more efficient and safer offshore drilling operations, while still maintaining 

the original functionality. The eWSOG has also evolved beyond its initial capability of providing a real-

time snapshot of current conditions and has now incorporated predictive and optimization features. It also 

acts as an enabler for a range of advanced tools designed to improve drilling efficiency, with eWSOG 

monitoring and providing an overview ensuring that operations are performed without undue negative 

effects while upholding the necessary safety margins. 
 

While the eWSOG has developed significantly from the original concept, a key strength is the flexible 

framework that enables further innovation. As users become familiar with its capabilities and discover its 

potential, they generate additional ideas for novel applications, capitalizing on the interconnectivity of 

vessel systems, enhanced by cloud-enabled features. Taking advantage of these smart capabilities is 

allowing the industry to challenge conventional conservatism and break from traditional constraints. 
 

This paper provides a detailed overview of the current state of the eWSOG framework, including the new 

features that have been added and the insights that have led to these advancements. Illustrative case studies 

demonstrate the potential for eWSOG to support enhanced drilling operations. 

 
Figure 1: Typical eWSOG Interface 
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2.0 eWSOG Concept 

Over time, the eWSOG concept has developed into a proven framework, through application and feedback 

from several operators and contractors. At the core, it replaces the legacy paper based WSOG with a 

software application interfacing the relevant systems and sensors onboard and includes real-time 

assessment of safety margins to all critical limits. Beyond that, the eWSOG has developed into both a real-

time, and predictive, digital advisory and monitoring system for safe and efficient drilling, completion, and 

workover operations. The latest framework allows rig operators to: 

 

• Digitalize their WSOG and to expand on the legacy WSOG concept 

• Account for interdependencies between systems and operational parameters 

• Include real-time assessment of safety margins to all critical limits 

• Add predictive/forecasting capabilities 

 

The typical modern eWSOG is now built on an information management platform, and contains the 

following main elements: 

 

eWSOG Level 1 and 2 Real-time Onboard  

The core of the eWSOG is a real-time application on board the vessel, providing assessment of the current 

vessel status condition, based on the aggregation of data across all the key systems. 

 

eWSOG Level 1 and 2 Real-time Cloud-based 

The cloud-based eWSOG provides a reproduction of the vessel-based dashboards that can be accessed 

anywhere with an internet connection.  

 

eWSOG Level 3 Cloud-based: Replica of onboard systems 

The Level 3 dashboards replicate information from the main vessel systems such as Dynamic Positioning, 

Power Management, Riser Management, and other onboard systems. 

 

 

Figure 2: Level 3 Dashboard Example – RMS Main View 
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3.0 eWSOG Real-time Onboard  

The main eWSOG offshore application functions as an aggregator of data across all the key existing systems 

on the rig as illustrated in Figure 3. The primary functions of the eWSOG are as follows: 

 

• Collect signals from various digital systems (DP, Automation, RMS, PMS, ACDP, etc.) 

• Perform calculations and statistical routines on the input time series 

• Using the limits for each parameter, determine the condition and normalized value 

• Based on the normalized value, order the groups and parameters based on utilization 

• Output the conditions and trends of the groups and parameters to the dashboard 

 

 

 
Figure 3: Overview of main functional content of the eWSOG 
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A key stage in deploying an eWSOG, remains the development of an eWSOG Template, which is typically 

based on the existing paper based WSOG and current operational philosophy. Similar to how a traditional 

paper WSOG has been created in the past, it is important that key stakeholders are involved and are aligned 

with the understanding of the various definitions and limits. Here all subsystems and data tags are identified, 

logic defined, and the system is prepared for implementation in the eWSOG application. 

 

 
Figure 4: Typical eWSOG Template Development 

 

The main lessons learned, and updates based on the feedback over the recent years are as follows: 

 

• eWSOG Template Development remains a critical stage, and it’s important that all key stakeholders 

are involved 

• This development stage can serve as a timely holistic review for ‘legacy’ paper WSOG’s that have 

evolved incrementally over the years, without being critically assessed for effectiveness 

• These reviews often identify definitions that have different interpretation from individual parties 

involved, showing potential points weaknesses in the existing WSOG where conditions might be 

wrongly classified  

• The digital nature of the eWSOG means parameter limits need to be computer logic implementable, 

removing ambiguity and reducing the possibility of misinterpretation 

• While most parameter limits can be fixed, there remains a requirement for some limits to be 

modified, for example between wells. This can be achieved through a ‘Settings Page’ where select 

limits can be updated by authorized personnel 

• The system needs to retain some flexibility for parameters where digital signals do not currently, 

or may not ever, exist. Although this should be minimized to achieve the goal of a fully automated 

system, this can be facilitated through the use of “User Monitored” parameters. Here the user can 

read the limits and manually set the condition (Green, Advisory, Yellow or Red) accordingly. 

• The agreed template, as implemented, should be replicated within the eWSOG platform. This acts 

as verification that the template is correctly implemented and can be printed out and signed at the 

start of each well for verification purposes. 
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Based on these learnings, the typical modern eWSOG Application includes the following dashboards: 

 

• eWSOG Realtime, Level 1 – this is the main system with the aggregated rig status  

• eWSOG Realtime, Level 2 – this shows the detailed status of each parameter group 

• eWSOG Settings Page – user defined input parameters and parameter signal status 

• eWSOG Template – Printable list of the implemented/active WSOG 

 

 
 

 
 

Figure 5: eWSOG Offshore: Level 1, & 2 
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Figure 6: eWSOG Offshore: Settings & Template 
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4.0 eWSOG Real-time Cloud 

The cloud-based eWSOG provides a reproduction of the vessel-based dashboards that can be accessed 

anywhere with an internet connection through a secure authentication process. It allows for onshore 

personnel to remotely monitor all key parameters of the offshore operations including the aggregated 

eWSOG status (same dashboards as offshore) and historic eWSOG status (historic mode/playback) 

 

The cloud-based version also enables forecasting features, which are developed based on weather forecast 

data from third party vendors, interfaced to the eWSOG through an API. A Machine Learning (ML) model 

can be trained using a fully coupled digital twin of the vessel (including vessel specific motions 

characteristics and DP controller models), riser and wellhead systems, and the resulting forecast module 

can predict and display key vessel and riser/wellhead response parameters. A typical forecast module 

workflow is presented in Figure 7. 

 

The following response parameters can predicted/forecasted: 

• Vessel Station Keeping related response parameters (well independent): 

o Dynamic Vessel response (6 DOF – surge, sway, heave, pitch, roll and yaw) 

o Dynamic Vessel offset 

o Thruster Utilization 

o Mooring line tension (for PosMoor ATA applications) 

• Riser/Well specific response parameters (well/well location dependent): 

o Dynamic Watch Circles 

o Dynamic Upper / Lower Flex Joint angles 

o Dynamic WH and casing loads 

o WH fatigue  

 

Additionally, the forecast module can be 

configured to provide heading advice based on 

optimizing pre-defined response parameters 

including: 

• Minimum thruster loads 

• Minimize vessel response (e.g., vessel roll) 

• Maximize watch circles 

• and other vessel and riser response 

parameters as needed 

 

Lastly the forecast module can be configured 

and used for What-if Analysis. 

 

These forecast features support planning of 

operations ahead of time. 

 Figure 7: eWSOG Forecast Module workflow schematic 
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Another advancement enabled by the cloud based eWSOG is the ability to show information from other 

key onboard systems, previously difficult to access by onshore personnel. These Level 3 dashboards present 

replicas of the main vessel systems such as Dynamic Positioning, Power Management, Riser Management, 

and other onboard systems. Each has its own dedicated dashboard, along with additional dashboards 

showing various vessel and riser instrumentation. Like the previously mentioned Level 1 and Level 2 

dashboards, these can be view in current and historic modes, and where applicable, forecasting features can 

be enabled, providing users with near real-time data to support planning of operations.  

 

Examples of Level 3 Dashboards are shown in Figure 8 and Figure 9. 

 

 
Figure 8: eWSOG Level 3 – Thruster and Power Utilization 

 

 
Figure 9: eWSOG Level 3 – DP Performance & Vessel Position 
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The advancement of cloud connected eWSOG features has allowed for the following benefits: 

 

• Access to a replica of the onboard eWSOG dashboards allow for checking of the vessel condition 

in near real-time for the onshore support personnel also, and provides a way to verify the settings 

and template limits being used actively 

• Providing onshore support personnel with near real-time data from a multitude of system, enables 

effective support both for ongoing operations, and planning for near term forecast events 

• When troubleshooting, the cloud-based system allows support engineers to rule out certain root 

causes, without the need to interrupt the crew or perform remote access sessions, as well as looking 

at historic data and play back events 

• Prediction / forecast modules can improve safety by looking ahead at incoming weather, to 

determine if there is a risk to station keeping capacity, or if Watch Circle might degrade beyond 

acceptable levels. 

• These predictive features can also be used to mitigate risks and optimize vessel performance. For 

example, these systems can check against the upcoming weather forecast for various vessel 

headings to optimize heading to increase safe margins  

• Similarly, based on the predicted required power for station keeping, the system can quantify the 

impact of heading changes, to enable a smarter power usage to allow fuel and emission reduction 

• A user group-based permission system provides simple management for allowing or restrict access 

to sensitive information 

• Custom dashboards can be developed to combine data from different, previously independent 

systems, and allow for report generation 

• Logging and storage of all historical data, enabled by an information management platform, can 

aid in timely incident review and providing accurate baselines for further improvements 
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4.0 Case Study 1 

With the goal of reducing fuel consumption, EcoAdvisor is a tool that can recommend a reduction in the 

number of thrusters or engines online when certain conditions are met, namely diminished power demand 

and power fluctuations. One viable approach to achieving this is by mitigating station-keeping requirements 

using enhanced Green DP (eGreenDP). However, this demands a new way to use the watch circles. In this 

context, the general principle is that the more benign the environmental conditions, the larger the 

permissible watch circles become. This expanded operability allows for a relaxation of station-keeping 

requirements, as the vessel can remain in a designated area rather than trying to stay on the set-point. 

Contrarily, following a conventional approach based on the static WSOG would preclude the flexibility 

required for dynamically adjusting watch circles based on operational criticality and environmental 

conditions. In such a scenario, pre-calculated watch circles, based on extreme weather conditions, would 

inhibit any active manipulation of eGreenDP settings. 

 

As shown in Figure 10 below, two distinct scenarios emerge: one where the watch circle plays a critical 

role, steering the selection of eGreenDP settings, otherwise ruled by the Riser Management System (RMS) 

calculated Dynamic Operability Envelopes (DOE), and another where the watch circle is expansive enough 

to have no role in this selection process. These are illustrative examples underscoring the intrinsic 

limitations of a static paper WSOG, which obstruct the flexibility needed to conduct safe operations while 

in eGreenDP and, consequently, the EcoAdvisor potential for fuel savings. 

 

eWSOG 

RMS System Green DP 

  

 

 

 

Figure 10: eWSOG Dynamic Watch circles usage in Green DP Settings 
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5.0 Case Study 2 

The second case study will describe how eWSOG facilitates active management of the vessel set point to 

minimize lower flex joint differential angle for key seating mitigation while adhering to all specified 

operational constraints including watch circles and operability envelopes. 

 

In this case study, the wellhead was inclined at an angle to the vertical. As a result, even with the vessel 

positioned in a “neutral” position directly over the wellhead, it was difficult to achieve the desired Lower 

Flex Joint (LFJ angle). While the vessel position was well controlled, with minimal offset from the well, 

the measured LFJ was generally observed at around 0.55deg. 

 

Following review of the information available, it was decided to proactively move the vessel to try to reduce 

the LFJ angle. This can be desirable for several reasons, including reduced wear on BOP and wellhead 

components, reduced risk of the drill-string sticking, and to aid with the running of completion tools.  

 

The vessel position was moved based on advice from the Riser Management System (RMS), which in this 

case was set to determine the Optimum Position for the vessel to minimize the Lower Flex Joint angle. This 

is often a preferred setup as the rig crew have better visibility on the Upper Flex Joint and can actively 

manage that.  

 

Figure 11 and Figure 12 on the following page show the data for 1 week before, and 1 week after the main 

rig move was executed. The orange point-cloud shows how the vessel drill-centre position was offset by 

approximately 24m from its previous position directly over the wellhead (the blue points indicate the centre 

of gravity of the vessel, showing how the vessel weathervanes around the drill-centre, maintaining its set 

point). The polar plot on the right shows the measured LFJ angle. It is clear to see the reduction from about 

0.55deg, to approximately 0.15deg, achieving the desired outcome. 

 

This outcome would have been difficult to do safely, and confidently, without the modern eWSOG 

providing good quality data for the decision-making process in advance of the move and monitoring the 

impact on all other critical vessel/riser parameters through the rig move and while it maintained a set point 

24m away from the wellhead. Despite moving away from the wellhead, the vessel status was maintained in 

a Green condition, with all parameters within the eWSOG remaining below allowable limits. The Level 3 

dashboards provided visibility to support personnel who were able to review the RMS readings, flex joint 

angles and other key parameters before, during and after the move was made.  
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Vessel Positioned Over Wellhead 

 
 

Vessel Position [m] Lower Flex Joint Angle [deg] 

 

Figure 11: Vessel Position and LFJ Angle with Vessel over Wellhead 

 

 

 

Vessel Positioned Using Optimum Position 

 
 

Vessel Position [m] Lower Flex Joint Angle [deg] 

 

Figure 12: Vessel Position and LFJ Angle Using Vessel Optimum Position 
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6.0 Case Study 3 

In this case study, we will illustrate the role that the real-time and predictive capabilities of the eWSOG 

system could have played in preventing a potentially hazardous force-off event. 

 

A typical semi-submersible rig was positioned in the central North Sea, while waiting to deploy the Blowout 

Preventer (BOP). Weather conditions were deteriorating, featuring wind speeds of approximately 24 meters 

per second and significant wave heights (Hs) reaching around 6 meters. The weather system primarily 

consisted of a wind-driven storm, characterized by short-period waves with peak period (Tp) of about 8 to 

9 seconds. While these conditions did not qualify as extreme, the notably short-wave periods posed 

significant challenges to the rig's station-keeping capabilities. The rig's thrusters were continually operating 

at maximum capacity to maintain position as shown in Figure 13. It's worth noting that the eWSOG module 

was not installed on this occasion. However, had it been in place, it could have clearly alerted the rig crew 

that limits were continuously being exceeded. In addition, the eWSOG would have allowed the onshore 

support personnel to be alerted in near to real time enabling them to contribute to an informed decision-

making process. 

 

To improve the rig's performance, a decision was made to alter its heading, facing the weather stern-on, as 

can be seen in Figure 14. Unexpectedly, this change exacerbated the situation due to the rig's diminished 

station-keeping performance when encountering these short-period waves head-on or astern. Consequently, 

the rig experienced a significant force-off event, as shown in Figure 14. Upon post-incident analysis, the 

eWSOG forecast module, utilizing fully coupled simulation models, was employed to simulate what the 

eWSOG system would have predicted. 

 

As illustrated in Table 1, the eWSOG forecast module would have accurately forecasted the maximum 

offset for various headings. This information could have proved greatly valuable in the critical hours leading 

up to the force-off incident, enabling more effective management of the rig's heading. Fortunately, in this 

instance, the incident did not result in severe consequences for the assets, personnel, or the environment. 

Nevertheless, this case illustrates how the implementation of the eWSOG system, conveying real-time and 

forecast critical information, could have provided the rig crew and the onshore personnel with essential data 

to support informed decision-making. 
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Figure 13: Thruster Utilization 

 

 
Figure 14: Rig Heading vs Wind Direction 

 

Table 1: eWSOG Forecast Module Predictions 

 
 

Max Offset predicted 

Hs [m] Tp [s] Direction [deg] Speed [m/s] Direction [deg] [m]

6 8 0 24 0 133

6 8 330 24 330 47

6 8 315 24 315 13

Wind Properties Wave Properties
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7.0 Conclusions 

The key conclusions from the advancements of the eWSOG over recent years is as follows: 

 

1. WSOG and eWSOG remain a key form of risk mitigation for safe offshore drilling operations  

2. eWSOG allows for the expansion beyond the traditional WSOG, sitting at the centre of a suite of 

tools driving more efficient and safe drilling operations 

3. The setting of effective operating limits must be understood and agreed by all stakeholders prior to 

operations 

4. Development of the eWSOG template can provide an effective opportunity to revisit and review 

legacy paper WSOG that have evolved over time 

5. The digital nature of the eWSOG means parameter limits need to be computer logic implementable, 

removing ambiguity and reducing the possibility of misinterpretation 

6. Feedback is important, and this framework enables the incorporation of lessons learned and 

encourages a commitment to ongoing continuous improvement 

7. eWSOG allows for the safe implementation of Dynamic Watch Circles, not possible with a static 

paper WSOG 

8. A cloud-connected eWSOG provides visibility to personnel not on the vessel, to allow for efficient 

sharing of key information to better support operations 

9. The cloud-based system allows for further integration with systems outside of the vessel, for 

example weather forecast APIs 

10. By combining weather forecasts with Machine Learning techniques and a digital twin of the vessel, 

a forecast module can be used to predict the dynamic vessel and riser response and performance 

into the future 

11. The forecast module also allows for optimization by enabling the checking of different vessel 

heading to quantify changes in vessel motions, or thruster utilization, which can be used to drive 

efficiency and allow for fuel and emission reduction 

12. eWSOG allows for logging and storage of all historical data, aiding with incident review and 

providing accurate baselines for further improvements 

13. The flexible framework of the modern eWSOG allows experienced users, familiar with its 

capabilities to generate additional ideas for novel applications 

14. By taking advantage of these smart interconnected vessel systems, enhanced by cloud-enabled 

features, the industry is able to challenge conventional conservatism and traditional constraints 

15. It is the opinion of the authors that this eWSOG framework will keep evolving and that there are 

significant opportunities for further development and enhancements 
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