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ABSTRACT   

One of the major challenges with developing geothermal resources is high drilling cost. Most of drilling training programs are 

focused on conventional systems, leaving at side specific aspects of geothermal drilling activities. The fundamentals of 

geothermal exploitation go hand-in-hand with those of oil and gas exploration and production. It is therefore logic to try and 

transfer the technology from one sector to the other. However, records for geothermal field developments do not exist in 

quantities comparable to those for the oil and gas sector. For example, fewer than 100 geothermal wells have been drilled per 

year in the USA in 2008 (mostly shallower than 2,800 m), as opposed to the thousands of oil and gas wells drilled each year in 

the same country. This lead to less experienced crews when geothermal specific situations occur. In addition, there appears to be 

a large gap in the drilling operational efficiency between oil and gas and geothermal drillers. Part of that issue likely lies with the 

"one-off" nature of each geothermal well versus the multitudes of oil and gas wells drilled. This paper shows the experience we 

gain through the use of the drilling simulator center available at OU consisting of 2 IADC and IWCF certified well control 

simulators, one NOV cyber chair based drilling simulator and the drilling dynamics experimental setup to perform critical 

simulations related to geothermal drilling applications. The novelty incorporates the use of dedicated scenarios to train personnel 

dealing with geothermal drilling or to verify known locations against new concepts used to minimize NPT. Our concept will 

focus on the HUMAN FACTOR as a central part of the information transfer, offering the highest level in identification of 

downhole drilling problems and teaching them the ability to react accordingly. The paper will show the importance to generate 

for the first time a pure geothermal centered training for drilling personnel that could lead to faster and better geothermal drilling.  

1. INTRODUCTION  

Having garnered support from many countries as a clean future energy, the exploration for geothermal energy is widely ongoing. 

The geothermal industry has a lot of similarities with the oil and gas industry, especially when it comes to drilling. With the 

advancements in drilling technologies for hydrocarbons, one would expect a similar trend in the geothermal world. However, a 

lot less wells are drilled in the USA alone for utilization of geothermal energy as compared to the number of oil and gas wells 

each year. There is an apparent lack of efficiency in technology transfer to begin with (Falcone and Teodoriu, 2008).  

Post Macondo oil spill incident in 2010, there has been a drastic change in the oil and gas industry towards well control training 

and assessment parameters (Denkowski et al., 2016). The effect of human errors on the occurrence of major accidents has been 

criticized extensively in the past and has finally been recognized and included in the course material. According to IOGP 

(International Association of Oil and Gas Producers) report 476, members of both IWCF (International Well Control Forum) and 

Well Control Committee of IADC (International Association of Drilling Contractors) have revised and improved their well 

control training according to industry demands. The revised 5 level certification programme addresses the need of appropriate 

role-specific training, requires continuous online knowledge assessment, magnified use of software simulations, competent 

instructors and need for continuous renewal every few years (IOGP, 2016).  

One of the major challenges with developing geothermal resources is high drilling cost [1-2]. Most of drilling training programs 

are focused on conventional systems, leaving at side specific aspects of geothermal drilling activities. The fundamentals of 

geothermal exploitation go hand-in-hand with those of oil and gas exploration and production. It is therefore logic to try and 

transfer the technology from one sector to the other. However, records for geothermal field developments do not exist in 

quantities comparable to those for the oil and gas sector. For example, fewer than 100 geothermal wells have been drilled per 

year in the USA in 2008 (mostly shallower than 2,800 m), as opposed to the thousands of oil and gas wells drilled each year in 

the same country [1]. This leads to less experienced crews with respect to geothermal specific situations. 
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The contribution of Human Factors, in complex commercial and contractual environments like the oil and gas industry, is fully-

fledged and admitted. With the understanding that there were cascading failures due to human errors, the root cause analysis of 

accidents reveals that many of them were preventable. The Human Factors has not been accentuated thoroughly in this industry, 

and, traditionally, the focus has been on personnel knowledge and competence. In addition, lack of emphasis on Human Factors 

in academia as a backbone of the industry could be another reason for this negligence. Consideration for human factors in the 

design of systems is centered on the end user. Systems are designed to fit the physiological limitations of the people tasked with 

managing them. The design includes features that improve comfort and productivity, minimize errors, and minimize training 

time. Recent research in area of situational awareness and process safety in has shed light on importance of integrating human 

factors in training for energy industry (Naqvi et al., 2018 and Salehi et al., 2018) 

Geothermal industry lacks in the adaptability aspect. The cost of drilling in geothermal projects can range from 40-60% of the 

total budget depending on the complexity of the resource (Figure 1). Therefore, high budget allotment for drilling operations 

accompanied with a slow rate of return leaves a very narrow window for errors. Although geothermal well blowouts bring about 

a serious discussion of the technology, there has not been much progress in integrating to a streamlined approach that reduces 

uncertainties and increases confidence in this technology (Falcone et al., 2011). According to the study conducted by Bavadiya et 

al. (2017), vibrations increase with increase in formation hardness. This increase in vibrations causes downhole tool failures and 

requires special attention. The need for a dedicated training and certification programme for geothermal drilling cannot be 

stressed more.  

Figure 1: Financial cost breakdown for a geothermal project (Schlumberger) 

 

The pressures involved in geothermal drilling are not very high but the formation fluid’s nature and relevant control methods are 

very crucial (Dumas et al., 2013). Unlike conventional mud systems in oil and gas wells, geothermal wells are often drilled with 

air to avoid formation damage as seen in steam-dominated wells in Geysers, California (Pye and Gamblin, 1991). Also when 

drilling with water around boiling temperatures, water can quickly flash into steam with slight pressure reduction leading to 

complications. Dealing with ‘steam kicks’ not only requires an updated BOP design along with special equipment like banjo box 

and blooie line to dissipate steam and other vapors but also a trained crew in handling the special well control equipment (Wygle, 

2006). Moreover, dealing with non-condensable gases, mostly CO2 and H2S is very common in such cases. Precaution has to be 

taken for proper bleeding and disposal of these gases. In fact, on comparing drilling risks associated with geothermal, risk of 

releasing toxic gases (CO2, H2S) from the well was identified as a top concern amongst the operators (Okwiri, 2017). 
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Figure 2: Human Factor assessment for well control training (Nicolais et al., 2016) 

Having gone over the complexities in geothermal wells, one would imagine the presence of a formal training and certification 

programs that would help train personnel and crew for specific geothermal specific scenarios but unfortunately there is no formal 

accreditation for the same. While IOGP highlighted the need for role specific training for oil and gas professionals, geothermal 

companies make do with the same training offered to their personnel as well. Both IADC and IWCF do not have a dedicated well 

control-training programs for geothermal drilling. Only after the Hawaii incident in 1994 did the geothermal industry take this 

situation seriously. By help from National Geothermal Association and Geothermal Resources Council, along with approval from 

Federal Minerals Management Services, personnel dedicated to Hawaii drilling were required to take case specific training and 

certification (Patterson, 1994). Although these formal courses were not extended for the general use of the geothermal industry, 

two things were brought into notice.  Firstly, the need of a dedicated coursework was finally deemed necessary and secondly, that 

the drilling contractors and the accredited body could push for higher standards of training requirement from their personnel if 

needed. Since well control training is tailored to the industry demand, the industry has to realize the importance of a dedicated 

training programme. 

This paper aims to build on a principle that a dedicated training and assessment programme for geothermal energy will lead to 

safer and efficient operations. By including human factors at the heart of every operation, the training revolves around relations 

between people, equipment and processes involved. Figure 2 mentions 6 basic criteria for assessment of human factors namely, 

team work, situation awareness, leadership, communication, decision making and performance shaping factors (Nicolais et al., 

2016). Also, through state-of-the-art simulators that aid in visual and practical learning, the non-technical challenges faced in the 

geothermal industry are discussed.  

2. METHODOLOGY TO INVESTIGATE THE TRAINING POTENTIAL FOR GEOTHERMAL 

In contrast to conventional oil and gas drilling, the well control scenario in geothermal drilling arises due to “steam kicks” which 

is not covered under IWCF certification. Education and training programs are available for geothermal drilling which are limited 

to individual companies or training schools and are not accepted universally. Those that are accepted by all, rely on IWCF 

certification, which again focuses on conventional well control training without inclusion of non-technical skills. Recent changes 

in the well control certification coursework have led to inclusions of specialized operations training (IOGP, 2016).  Addition of 

HPHT (High pressure high temperature) well construction and intervention is notable recognition that the industry is moving in 

the right direction. However, bringing human factors into these specialized well scenarios is still a far-fetched idea. This is 

important because the non-technical skills vary according to the situation at hand. This is shown in the later section of the paper. 

This paper illustrates the human factor aspect of geothermal drilling through drill tests performed on the drilling simulator. 

Research studies have been conducted on the effect of human factors in Drilling process using simulated scenarios. Salehi et al. 

(2018) used eye tracking technology and different scenarios to asses situation awareness and risk perception. They infer that 

scenario-based training helps the trainers to provide contextual and specific feedback and training for technical and non-technical 

skill enhancement. Further studies by Srivastava et al. (2018) highlighted the use of introducing human factors into drill-pipe 

connection make-up simulator for that incorporated rig crew awareness and risk assessment. In a study conducted by Bahner et 

al. (2008) all participants showed complacency to some extent but with training they were able to reduce the level of 
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complacency. They found that participants who never experienced any failure during training were more complacent compared to 

others even after being aware of the chances of the occurrence of failure. Since drilling in geothermal well does not include 

drilling in a high-pressured reservoir, a false sense of complacency is achieved by the driller who is trained for conventional well 

control. The low ROP in geothermal drilling adds to the complacency factor. This concept is explained through the drill tests 

ahead. This complacency could impact situational awareness, a vital judgment parameter.  

These papers is centered on the Drilling Simulator Center at OU consisting of 2 Drilling Systems, DrillSim-50 drilling and well 

control training simulators with full certification for IADC and IWCF training and the NOV cyber chair based large size 

simulator (Figure 3 and 4). Tests were performed on the Drilling Systems, DrillSIM-50 drilling simulator which is IADC and 

IWCF certified to compare the effect of geothermal specific situation towards training capabilities. Although the NOV drilling 

simulator is a center for Offshore activities, it is helpful to understand the effect of automated drilling rigs towards personnel 

training.  

Tests were performed on the Drilling Systems, DrillSIM-50 drilling simulator which is IADC and IWCF certified to compare 

behavioral response of the driller. One of the major differences in drilling pattern between oil and gas wells and a geothermal 

well is the rate of penetration (ROP) in the basement rocks. Tests were performed with different time intervals and then 

normalized against drilling of a 30 ft drill pipe. Two different formation types were used in the tests, first being a formation with 

drillability factor of 3 and abrasive factor of 3 (hard formation) and the second one with the drillability factor of 1.25 and 

abrasive factor of 1 (soft formation). The amount of interactions (hoisting the lever to lower the Topdrive and increase WOB) 

were recorded for a normal ROP of 20 ft/hr and a low ROP of 2 ft/hr. The data is provided in Table 1.1. 

Figure 3. The NOV cyberchair based drilling simulator 
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Figure 4. The Drilling Systems DrillSim 50 certified training simulators available at OU 

 

Table 1.1: Test data using DrillSIM-50 simulator 

Type of 

Formation 
Speed 

Hole 

Size, in 

ROP, 

ft/hr 

Normalized 

Time Interval, 

hrs 

No. of 

Interactions 

Avg. Seconds 

Between 

Interactions 

Hard Real-Time 9.63 20.00 1:33 4284 1.31 

Hard Real-Time 9.63 2.00 16:40 1400 42.86 

Soft Real-Time 8.50 20.00 1:27 3106 1.70 

Soft Real-Time 8.50 2.00 12:30 1920 23.44 

Hard x30 9.63 20.00 0:05 118 2.61 

Hard x30 9.63 2.00 0:34 1534 1.33 
 

3. RESULTS AND DISCUSSIONS 

All available simulators have the option to speed up the visualized process, creating a non-reality for the trained person, that leads 

to inevitable human errors, due to unexpected reality control. Moreover, most of the scenarios used for well control certification 

are based on conventional simplified oil or gas well situations, letting the complexity of some situations outside of the scope of 

training. On contrary for the geothermal well activities, some situations are simplified due to the lack of simulator modeling such 

as: temperature effects on well response, low permeability well response and not to forget the possibility of drilling through 

magma and its implications. 

Table 1.1 highlights how the number of interactions with the simulator varies with the rate of penetration. Drilling at a ROP of 20 

ft/hr in conventional drilling is a more engaging process as one has to constantly maintain WOB for drilling. Geothermal drilling 

is a much slower process with long durations between simultaneous actions on a simulator, as observed in the last column of 

Table 1.1. The observations during the test are significant to understand the human factors affecting the drilling process. While 

drilling with an ROP of 20 ft/hr, the lever was needed to be raised every 1.5 seconds on an average. Being a simulation instead of 

real-life drilling, complacency steps in when work becomes monotonous. A reflexive loss of attention results in variance of WOB 

and ROP in the range of 2-5 klbs and 2-3 ft/hr respectively. After regaining attention, steps were taken to go back to the ROP set 

point. The lack of attention is still minimal due to high interaction rate. On the other hand, while drilling with ROP of 2 ft/hr, the 

time between interactions is large enough in contrast to the previous case. Instead of being monotonous, a new issue of having an 

increased inattentive time arises. Since it was a test, the user was aware to increase WOB as soon as the ROP decreased but in 

real life the inattentive span might be longer than the interaction time needed to maintain WOB and ROP. This significant 

amount of inattentive time compromises situational awareness and can cause the driller to miss indicators to major events like 

stuck pipe and kick and may be detrimental to the overall drilling process. Geothermal wells also differ in the wellbore diameter 

in production section, which is a factor in the reduction of ROP along with hard basement rocks. To precisely quantify when low 

ROP induces complacency and how it affects situation awareness, eye tracking technology could be used for future research. 
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DrillSIM-50 provides generalized scenarios and the visualized process could be sped up with time accelerated to the factor of 50. 

The accelerated tests were also performed to observe change in interactions. It was significantly difficult to control the WOB and 

in turn ROP at ROP setpoint of 20 ft/hr during accelerated simulation. The ROP ranged from 5 to 35 ft/hr. The magnitude of 

change in ROP is unrealistic and is not useful for training purposes. At low ROP set point of 2 ft/hr, the WOB control is still 

manageable but the amount of interaction needed has increased significantly compared to unaccelerated time. 

Automation has been recently introduced in drilling process where WOB and ROP are automatically maintained as per the set 

points. It brings in a different scenario where the interaction is reduced altogether. The lack of interaction reduces effect of 

human factors on the process but does not eliminate it. This needs a special scenario for training personnel. The new generation 

of drillers would not be competent only through apprenticeships but would also need to have thorough knowledge and 

understanding of downhole drilling phenomena, control systems, interpretation of display data and training in nontechnical skills 

associated with Crew Resource Management (Iversen et al. 2013). Thorogood et al. (2015) suggests integration of technical 

courses with non-technical skill training to improve the awareness of human factors affecting the process and increased skill level 

in drilling personnel. 

As per survey conducted by Heber et al. (2008), 33 % of the 187 drillers were not satisfied with the simulator training, beyond 

mandatory well control simulation and even after ten years the situation has not changed much. Not just inclusion of human 

factors is needed in training, but a better understanding of how human factors interact with drilling operations in geothermal 

wells is also needed. Human-Machine interaction affects the drilling process and based on the tests, those interactions change 

with changing conditions. It becomes imperative to use case specific training scenarios for training personnel to drill a 

geothermal well. 

4. CONCLUSIONS 

This paper provides an insight into some of the challenges for the training and certification of drillers for drilling geothermal 

wells. Human-Machine interaction affects complacency and in turn situational awareness.  

Geothermal Drilling is significantly different than conventional oil and gas drilling which emphasizes on case specific training 

along with non-technical skills training. 

The tests show how interactions affect complacency and in turn reduce situational awareness. The difference in activity, 

interactions, drilling and well control process and other skills requirements compared to oil and gas wells requires a case specific 

training module with high emphasis on non-technical skills. Better system design along with non-technical skills training will go 

a long way to prepare future drillers for geothermal drilling. 

In conclusion, specialized case-specific training inclusive of non-technical skills is required to prepare future drillers in 

geothermal drilling. 
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