
 
      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

A Data-driven Approach 
to Well Planning Cuts 
Cost and Risk 



Good morning and welcome to this presentation on advanced well planning using data science. My 
name is John Cumming and I'm the presenting author. Valentina Riggins, Paul Hodson and Barry 
Walker, my colleagues from Accenture, also developed the material that I'm going to present today. 
The challenge we faced was trying to look at conventional well planning and determine if we could 
improve the process both in speed, efficiency and objectivity when planning new wells. The issues that 
we addressed first were the typical processes for well planning involving using an offset well as a 
template for the new well. It's a time consuming process involving detailed planning and design of drill 
bit, mud systems, casing, setting, etc. and our premise was that it must be possible for us to build a 
much more rapid process to develop initial estimates at least before embarking on this detailed 
planning process, almost like a screening exercise. The other point we observed is that there seems 
to be little consistency in the approach to risk management and we wanted to try and find a more 
objective approach to evaluating risk. So, in our advanced well planning premise, we suggest that we 
should integrate all the previous drilling experience in the field and learn from it, and we would do that 
by, among other things, clustering the wells by type rather than simply using the nearest offset well for 
the planned well. Looking at identifying all of the NPT events across the field and associating those 
with the well, which are then clustered, we can identify the specific NPT risks for the planned well and 
to provide rapid estimates of well delivery costs and time. That was the main focus of our project, 
which was conceived in 2019. We spent quite a considerable time looking at different data sets that 
were available to the industry, publicly available data sets which could be used for this project. In the 
end, the Volve data set proved to be the most complete. It was the richest data set with the 
information that we needed from the well drilling process, as well as the end of well reports, the 
reservoir engineering, etc., etc. Although it was limited in the number of wells, it provided the level of 
detail required to support the objectives of the project. So, what is our main focus here on NPT? You 
can see the estimates across the wells from Volve with a significant variation as a percentage of the 
NPT for each of the wells. Now NPT relates directly to costs through the rig time spent and standby, 
let alone any other cost associated with the NPT event itself in rectifying it. So, there's a material cost 
of five to 10 percent of well costs to address ourselves too, especially when some of these events can 
be mitigated. Some can't. If you're drilling in the winter in the North Sea, then you might expect that 
you will spend some time waiting on weather.  However, there are other events subsurface which can 
be addressed and should be planned for to avoid their occurrence. Our first step in tackling this 
problem was to look at the clustering approach based on the definition of similarity index for each of 
the wells. The way we went about this, using a standard data science technique, was that for all the 
wells we could find a mean and then the solvent square of the distances from the wells to that mean 
would give us a measure of the clustering efficiency. So, as we increase the number of clusters, the 
distance in the sum of distance squared drops until the clustering process fails to achieve any given 
benefit. It's known as the elbow method and you can see from this graph on the right that the optimum 
selection of clusters is about five and five is what we used. We did this by using upwards of one 
hundred variables, not all obviously contributing with the same weight, but these included whether the 
well was vertical or horizontal, the rate of penetration through different formations and included the 
geographical location of the well. If there were a nearby clustering effect, then that should become 
evident in the clusters that we create because that was contributing to the clustering process. After we 
completed this exercise, we then evaluated the similarity index for wells, which are clustered i.e. a well 
with its mean within its own cluster against the well with an average mean. And you can see that the 
clustering for the similarly indexed wells is much better, giving a much higher similarity index. On the 
left, you can see the geographic distribution of the colors of the wells by cluster. Each color 
representing a different cluster on the screen. And although some wells are geographically close, 
many of the wells are not and this clustering technique, we suggest, provides a much better way of 
estimating the similarity between the planned wells and the existing wells. The next strand of work we 
focused on was around NLP, natural language processing, and the extraction of events associated 
with NPT in a way that allowed us to associate them then with the well, the formation, to estimate the 
event types, these events' cost and the overall impact on well performance. So, we started with an 



unstructured data set of all the drilling reports in the field and from those identified 32,000 events, 
most of which are routinely reported drilling events or preparation for drilling events but within that, a 
significant number of NPT events. We extracted these using the NLP technique, looking for keywords 
like waiting on the weather or lost circulation or NPT itself. Lost time was another key indicator, being 
careful to separate the language from the type of event. So, for example, we'd find kick mentioned as 
in kick training for rig crew as well as in a true kick event. It's important to be able to knowledgeably 
deal with the difference in the language for these events in order to capture the true NPT events and 
to associate these with formations, wells and time to be able to estimate costs, etc. Once we had all of 
the NPT results pulled together, it was possible to start looking at these across the field as well as by 
association to the individual well. As you can see, just at first glance, the yellow color tends to 
dominate, this lost circulation NPT event type, and goes across the entire types of NPT. This is from 
the Hordaland formation. However, these are by frequency of events rather than by total cost and, as 
Hordaland is the longest section within these wells that's drilled, it's perhaps not surprising that there 
are more events associated with that formation. Actually, it turns out that the odd formation generates 
a higher cost in terms of NPT because the amount of time lost is significantly higher for that formation. 
We pulled this together and then needed to be able to evaluate what the process of advanced well 
planning might look like. We built an interface to our data science models, made it very simple so that 
the user only needed to specify the location, the type, the target reservoir and the orientation of the 
well as an input in order to define which cluster that well was associated with and the three top wells in 
terms of similarity index. That's what the screen is showing here on the right. The three boxes at the 
bottom identify the three most similar wells to the one proposed. And so, this gives a very quick initial 
estimate of what are the three most similar wells in the field and what were the drilling parameters and 
their NPT events. In this display, you can see the schematic for the well with its casing shoes and the 
red dots indicating the locations where NPT events occur. Then there's a strip chart for each well 
showing the formations that were drilled through by the well and then the drilling parameters, including 
radar penetration, poor pressure, mud weight, time to drill, etc. Here we have a very quick picture of 
the three most similar wells in the field, the associated drilling parameters and the NPT events 
associated with drilling those wells. With the narrative, you can see the text box. You can get an 
insight into what the specifics of the NPT event were and an estimate of the overall impact in terms of 
number of hours. So, sixty-seven hours for the well the left, forty-two in the middle and seventeen on 
the right. This gives you an idea of the variation that might be expected outcome for the wells. And 
across the top we have the time to drill, the cost of the well and the total NPT time. This gives us a 
very clear snapshot of what the planned well might end up looking like and the variations across the 
wells or very similar type. So, when we've collected this data, we can then take the mean values and 
collect the information in a way that allows some insight into what the planned well should look like. 
Here we have the estimates on 40 to 50 days of time to drill, approximately 12 million dollars and there 
is a risk of 17 to 42 hours of lost time, and the indication of where that lost time may arise is provided 
in the list at the bottom with some kind of indication of whether they're high, medium or low outcome 
events. So, we get to this point maybe within an hour of starting the exercise because all of the NLP 
work and clustering work is a pre-processing exercise, preparing the data for this type of analysis. 
Therefore, we get to the answers very quickly indeed, allowing this to have a clear set of inputs to rig 
scheduling of initial planning exercises, as well as a clear guide to the drilling engineer who's going to 
do the detailed design for the well. In conclusion, we feel the project has clearly demonstrated the 
value of this approach in pulling all the drilling data together and quickly giving us clear insights into 
what the planned wells is going to look like. We also believe that the approach is valid for a wider 
range of problems than those addressed here. For example, by including information on bit 
manufacturer, model numbers, etc., you could perform a very detailed and rigorous analysis of radar 
penetration performance versus different pieces of equipment. And the same approach would apply to 
any other element of the drilling process, so we don't avoid the need for a detailed design process for 
wells but this approach does give us a very strong initial estimates, which are unbiased in the 
approach taken and gives us a clear idea of what this new well is going to look like. Finally, in 



summary for the project itself, it took about 16 weeks. We used a number of agile sprints to achieve 
the outcome. Approximately half of that time, of that 16 weeks, was involved in data preparation and 
conditioning, emphasizing that for all of these analytical type projects, a strong data foundation is 
absolutely essential to having any meaningful results and for the success of the project. So, finally, I'd 
like to again acknowledge Equinor and the contribution of the CreativeCommons license for the bulk 
data set without which we would have been unable to achieve this project at all. Thank you for your 
time and attention. I hope you find the presentation interesting and I hope next year to attend ADIPEC 
in person. Thank you again.  
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