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Abstract 
Sustainability in petroleum wells drilling operation systems strongly depends on the use of sustainable 
materials and a set of technical and safety measures that lead to the survival and proper operation of 
drilling rig equipment's and personnel. Adherence to the highest levels of standards of tools, materials 
and methods, although always recommended as the most important option for advancing a safe drilling 
operation and completing the well efficiently, low risk and stable, but drilling operation is inherently a 
battle with underground challenges and unexpected dangers. Learning from past such well blowout 
events and the problems they pose to rapidly control is essential to reduce future impacts including 
injuries, damage and emissions. Such analysis offers guidance for adapting working practices to improve 
both prevention and emergency response to such incidents. The causes of blowout during drilling and 
the necessary technical and safety measures to adopt are reviewed, highlighting how best practices can 
prevent blowout incidents by improving responses to early warning signals. The particular risks 
associated with potential shallow gas blowouts are identified and described with the aid of a case study 
associated with a catastrophic blowout of an onshore well in Iran and the methods used to ultimately 
control it. The multiple causes of the incident relating to defects in safety systems, equipment and 
operating procedures are addressed. Lessons learned from the incident reveal the complexity of well 
control once a blowout incident has occurred and developed into a surface fire. from the stage of the 
incident to fire control. There is a need for further research into top-hole well kill techniques for wells 
in a blowout state, as drilling bottom-hole relief wells takes substantial time, during which much surface 
damage, resource loss and emission typically occurs. 
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Introduction 
Drilling and exploration to extract oil and/or gas resources from subsurface reservoirs is a challenging 
and potentially hazardous operation because of the potentially high pressures and temperatures and 
flammable nature of hydrocarbons, particularly natural gas. Uncertainty about the conditions that 
prevail below ground, heterogeneities in sedimentary rock formations, and particularly the difficulties 
in predicting pore pressure behavior with depth. All act to increase the risk exposure of drilling 
operations [1-3].  Although seismic assessment techniques shed light on the distribution of subsurface 
horizons much uncertainty remains regarding the pore pressure and fluid conditions in prospective 
reservoir formations [4-5]. Drilling wellbores in such circumstances, in both exploration and field 
development scenarios, involves the possibility of encountering unexpected hazardous conditions. This 
requires vigilance to execute prompt and rigorous safety measures to ensure that unwanted flows of 
formation fluids in fluxing into wellbore are promptly addressed and inhibited [6]. It is important to 
ensure such safety measures and emergency response drills are regularly tested and practiced. Do so 
improves the ability of drilling teams to prevent loss of well control and if well blowouts do occur, they 
are promptly handled without injury or extensive liquid spill, gas emissions, fires and explosions.  
  
The oil and gas industry, which has long been the focus of the whole world, and the reason is that the 
extracted oil and gas has changed the world. Many people did a lot of work to optimize and find 
important and key parameters in the oil and gas industry [40-58]. The sustainability of wellbore, 
materials and drilling equipment's is severely threatened by well blowouts. In order to carry out drilling 
operations more safely, various pre-drilling review methods have been developed for drilling 
contractors and rig crews. These address each stage of the well construction process ensuring that the 
safety requirements adopted are fit-for-purpose and rig crews are proficient at implementing them. 
Drill the Well on Paper (DWOP) is a pre-drilling reviewing process [7-8] and engineering analysis of a 
drilling operation schedule with the objective of better organizing it to improve efficiency, reduce non-
production time and costs, and adequately consider risk management. Built upon years of operational 
experience and tackling challenging gas and oil fields, DWOP and other pre-drill review systems seek to 
ensure that all drilling crews are fully aware of their duties, the equipment available to them and 
provide the best practices with which to guide the drilling projects towards meeting their goals without 
incident or accident. DWOP also tracks risk assessment to the extent that it does not lead to loss of well 
control. 
 
Potentially significant and uncontrollable volumes of can be discharged rapidly into sub-sea and land 
environments when a well blowout occurs. Petroleum fluids from subsurface reservoirs represent 
major potential pollutants [34] with multiple adverse influences on human health and ecosystems more 
generally [9]. Sub-sea drilling petroleum blowouts on offshore platforms are of particular 
environmental concern, particularly in deep water, as exemplified by the Deepwater Horizon incident 
in the Gulf of Mexico in 2010 [10-11]. Distribution of oil droplet contamination in some of the worst 
cases have been reported up to 20 meters from a suspended column of oil bubbles rising above the 
water extending over an area of 25 km [12]. Petroleum discharges into marine environments have 
detrimental effects on the marine ecosystems by disrupting the food chains of marine organisms for 
long periods. Comprehensive studies of the Gulf of Mexico ecosystem six years after the blowout of the 
Macondo well confirmed the continuing destructive effects of petroleum pollutants in the form of 
petroleum blanket deposits on deep-water sands and spongy ecosystems deep in the Gulf of Mexico 
[13]. Drilling operations are classified as one of the most dangerous occupations worldwide and cover 
a wide range of potential injuries, threats to life, environmental hazards, and negative economic 
consequences (show in Fig. 1). Given these threats of injury and damage from petroleum wells 
blowouts, it is essential to critically review and potentially upgrade safety concepts and drilling 
standards in order to eradicate or at least minimize the adverse consequences. Here we review the key 
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technical issues and safety concerns relating to rogue wells for which control is lost and effective 
programs to mitigate them. 
 

 
Figure 1 - Schematic displaying potential blowout consequences. 

 

Factors causing oil and gas wells to kick and potentially blow out 
Given that wellbore blowouts are one of the most dangerous and costly events to impact the petroleum 
drilling industry [1, 14], although they occur relatively infrequently, the risks of such occurrences need 
to be comprehensively understood. Indeed, the most catastrophic accidents in the drilling process, 
involving explosions and fires, are associated with blowouts. Additionally, such events lead to wastage, 
sometimes accumulating into millions of barrels of oil equivalent of resources, and destruction of 
drilling rigs and well-site equipment. 
 
Blowout control is typically very challenging and time-consuming. Resolving the difficulties requires the 
deployment of costly specialist equipment [15]. A blow out is an uncontrolled influx of, gas, oil, and/or 
formation water from the wellbore to the surface. It occurs due to the inability of wellbore fluids to 
resist the fluid pressures in one or more of the formations drilled and typically existing in open-hole 
conditions [16]. Blowouts typically occur due to the lack of timely detection or control of fluid influx 
from the formation into the wellbore. There are several indications through which drilling crew can 
detect the occurrence of kick, is occurring, the most important of which are an increase in mud flow 
rate on flow line, an increase in mud volume in mud pits, flowing well while pumps are shut down, a 
change in the weight of drilling string, a decrease in pump pressure, an increase in pump stroke.     
 
The initial influx flow which is referred to as a “kick” is the first event that could potentially turn into a 
blowout. Kicks are not infrequent events while drilling ahead in wellbores and are usually controlled by 
responding with an increase in the density of the drilling / wellbore fluids. Kicks can occur at any time 
and in any permeable formation penetrated by a wellbore, regardless of the type of operation [17]. The 
hydrostatic column pressure of the drilling fluid is the first line of defense against fluid influx. The drilling 
fluid column in the wellbore provides a hydrostatic head or pressure at the bottom hole that typically 
is maintained at close to balance with the formation fluids pressure.  A kick is the outcome when the 
formation fluid pressure begins to exceed the hydrostatic pressure applied by the drilling fluid column 
at the influx exposure point. Early kick detection is very important for drilling crews, particularly where 
gas is the formation fluid, because it provides time react and make changes to the necessary 
adjustments to drilling fluid density (mud weight) and/or wellbore pressure [18]. Gas kicks are more 
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dangerous than pressurized salt water kicks due to higher mobility of gas bubbles and their 
explosiveness and flammability potential. In the salt water kicks, timely reaction and application of 
sufficient hydrostatic column pressure will prevent the saline fluid from continues invading to the 
wellbore and will not pose much danger to the crew. In the gas kicks occurrence, even after stopping 
the gas invasion to the wellbore, due to the difference in gas density with the drilling fluid the entered 
gas column in the well will rise and will be a potential threat to the crew until it is completely out of the 
wellbore. 
 
Any factor that interferes with the performance of the drilling fluid and limits its ability to restrain the 
formation fluids undermines the ability to control a kick. Lost circulation is the most common 
occurrence leading to inability to provide the sufficient hydrostatic column pressure [19]. Reduction of 
the volume and pressure of the fluids in the wellbore due to lost circulation often prompts an initial 
kick. If the lost circulation persists the ability to control the kick becomes more difficult. 
 

Lost circulation and blow out hazards 
Loss of circulation as some of the drilling fluid circulating in the wellbore fails to return to the surface 
from the wellbore annulus space while continuous pumping fluids around the well. This results in the 
volumes of drilling fluids in the mud tanks to drop. It is a common and serious wellbore drilling problem 
and is often associated with the invasion of drilling fluids into the large-scale formation fractures or 
underground cavities [20]. Sometimes incorrect information or anticipation of the pore pressure and 
fracture pressure of formation being drilled causes an inappropriate mud weight to be deployed leading 
to severe overpressured or underpressured conditions at the bottom hole. It is essential to calculate 
bottom-hole pressures taking into account the circulation density of the drilling fluid in the dynamic 
state [3]. Drilling into formations with substantially over-pressured drilling fluid, above the formation 
fracture gradient threshold will likely lead to the failure of the formation, prompting loss of circulation 
followed by a kick [21-22; 36-40]. 
 

Shallow gas and blow out hazards 
Shallow trapped gas accumulations are a troublesome drilling problem worldwide. They usually are fed 
over geologic time scales from deeper natural gas reservoirs, although some are formed by in situ 
biogenic processes in the shallow sediments [23]. When drilling the shallow section wellbores, the 
overbalance hydrostatic pressure margin of drilling fluid column is usually less than during the drilling 
of deeper wellbore sections. Therefore, encountering a pressurized reservoir containing gas at 
relatively shallow depths while drilling ahead into deep formations can lead to wellbore gas invasion 
that is difficult to control.  
 
More than a quarter of blowout incidents are caused by shallow gas accumulations because shallow 
gas kicks are much more difficult to handle compared to deeper gas kicks with the available well control 
methods. A general gas kick control method requires shutting in the wellhead and applying back 
pressure to the formation, and at the same time, establishing a slow circulation rate with a higher 
density drilling fluid or “kill mud”. That approach circulates out the gas kick more safely from the 
wellbore by directing the light returning mud into separators, removing the gas and direct it towards a 
flare, if necessary. Circulating drilling fluids of sufficient density (higher “mud” weight) in almost all 
circumstances inhibits further influx of formation fluids into the wellbore. In shallow formations with 
low fracture pressures the action of closing in the well following a gas kick (i.e.., influx of gas into the 
wellbore) runs the risk of creating a high back pressure in the wellbore that will progressively fracture 
open-hole formations to. This sometime leads to sub-surface cross-flow of fluids from one formation 
to others, essentially an underground blowout into shallow formations [24]. In such cases, eventually, 
if the shallow formations are connected to the surface via fractures or outcrops, elevated fluid pressure 
will lead to surface eruptions of subsurface fluids, perhaps at multiple locations over wide areas causing 
environmental damage and substantial emissions. 
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Drilling management systems that address blow out hazards 
Drilling operations have to be conducted under robust safety management systems with available 
emergency response equipment operated by well-trained and practiced crews. Moreover, drilling rig 
equipment and blowout preventers (BOPs) have to be well maintained and frequently tested to ensure 
that they remain fully operational to their design specifications. There is always the danger that the 
pressure control systems / BOPs fail or are inappropriately overridden by misguided human 
interventions. Such equipment and human failings can and do sometimes result in uncontrolled flows 
of oil and gas reaching the surface causing severe damage and potentially igniting or catastrophically 
exploding destroying the drilling site with multiple injuries and deaths of drilling personnel.  
 
Maintenance of pressure control system components, and its periodic rigorous testing, must, therefore, 
be performed accurately and without negligence. The operation of downhole tools, valves and wellhead 
equipment must be conducted in accordance with their certified operating specifications and their 
degree of mechanical fatigue regularly monitored and recorded. All attempts to cut corners with 
respect to recommended safety guidelines and international best practices should be strictly resisted 
and avoided. Well-site and engineering management staff training, awareness and motivation to 
comply with a robust safety-minded culture is essential. Drilling operations safety and risk managers 
have the duty to ensure that all operations staff are fully aware their roles and responsibilities when 
emergencies occur in the face of sub-surface well control hazards. 

 

Issues associated with Inaccurate information and human error 
Deficiencies in the availability of correct information regarding the prevailing pore pressures of the 
formations being drilled can lead to inappropriate well designs and implementation of flawed drilling 
programs. Moreover, the dissemination of inaccurate information and incorrect assumptions regarding 
subsurface conditions can lead to complacency regarding the subsurface risks being taken, thereby 
inadvertently compromising operational safety. Inaccurate information on critical formation pressures 
and drilling with insufficient mud weight or with insufficiently robust wellheads and BOPs are relatively 
common issues encountered. Also, the incorrect determination of appropriate casing points and 
placement of casing shoes can lead to hazardous pressure gradient occurring in the deeper sections 
yet-to-be drilled. Sometimes tripping drill strings in and/or out of the wellbore too rapidly can lead to 
suction effects that promote formation fluid inflow to a wellbore. Running inappropriate cement 
formulations that fail to isolate high-pressure formations can also lead ultimately to kicks and blowouts 
[3, 25-26].  All such situations can be attributed to human error and/or inadequate safety scenario 
planning during planning stages and ongoing drilling operations. 
 

Safety and technical actions used to prevent and/or mitigate blowouts 
 

Exploratory drilling in unknown areas 
Exploratory drilling in frontier areas where there is no experience of underground conditions pose 
substantial challenges for drilling teams. The occurrence of kicks or lost circulation should, in such 
circumstances, be expected at any time and depth. The experienced drilling team must consider all 
safety requirements to meet these challenges. The following includes some of the routinely adopted 
measures. 
 

a) Continuous provision of hydrostatic pressure. Over-balanced drilling (OBD) is the most 
common method adopted for such conditions. The hydrostatic pressure of drilling fluid 
column in the borehole is continuously adjusted to maintain it approximately 100 to 150 
psi above bottom-hole formation pressure. If this is successfully maintained, kicks leading 
to potential blowouts will not occur. Therefore, one of the main tasks of mud engineers is 
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to continue design and provide appropriate drilling fluid designs and densities to achieve 
this. 
 

 
b) Early warning monitoring system.  Early warning gas detection systems in the mud-logging 

unit linked to alarms on the drill floor should be in service with minimum delay detection 
times. In addition, mud-pit level evaluation, fluid loss trend monitoring, drilling parameter 
and performance collectively help to reveal early-warning signs of pending drilling hazards. 
Rapid and appropriate responses by skilled monitoring personnel can save critical time in 
dealing with kicks / lost circulation with minimal delays. Such systems and monitoring staff 
require ongoing and regular performance monitoring with specified senior managers and 
engineers made accountable for that occurring. 
 

 
c) Experienced drilling team. An experienced drilling team requires detailed knowledge of the 

equipment, operating procedures, and, where possible, comprehensive understanding of 
local sub-surface conditions and known problematic formations.  Recognizing the 
oscillating trends in multiple drilling parameters commonly associated with kicks and/or 
lost circulation can provide experienced drilling crews with vital early warning signs that 
could be overlooked by inexperienced or distracted drilling staff. Experience and attention 
to detail is often sufficient to pick up on pre-incident warning sings, such as unreasonable 
changes in pressure or pump strokes to quickly recognize and anticipate kicks and thereby 
prevent them developing into blow-out events. 
 

 
d) Another key factor in preventing blowouts during the drilling of oil and gas wells is the 

periodic and regular rigorous BOP testing and maintenance. This ensures that all 
components of the BOP are fully functional and are operating correctly in automatic and 
manual override modes. 
 

 
 

Responding to occurrences of drilling fluid lost circulation  
The availability of sufficient water resources to make up adequate volumes of drilling fluid is always 
essential before drilling operations begin, because future potential mud losses could require more 
weighted drilling fluid to be required at short notice [20-21, 27-28]. When a drilling operation 
encounters a loss of circulation problem, the following sequential steps are necessary. 
 

a) Ensuring that drill-site water storage reservoirs and drilling fluid tanks are kept as full as 
possible;  
 

b) Availability of lost circulation pills to deploy at short notice.  Lost circulation material (LCM) 
pumped into a wellbore experiencing lost circulation can control or at least reduce drilling 
fluid losses into fractured formations. LCM such as mica, shell fish, nut shells and other 
fibrous materials are often sufficiently effective to control loss circulation. By spotting such 
LCM on or close to the problematic fractured/ porous zone experiencing mud losses can 
often eliminate mud losses. After the drilling operation, the reservoir porous spaces that 
were blocked with LCM to control mud losses can be flushed with an appropriate acid or 
chemical wash restore permeability and production rate from an effected reservoir zone. 
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c) Ability to run magnesia-based cement plug(s). If the intensity of mud losses is high and 
cannot be controlled with LCM, then a magnesite or normal drilling cement plug may be 
required to control the lost circulation. Magnesite is a quick-setting magnesia cement that 
dissolves completely in acid. It is a suitable candidate cement material for use as a 
temporary lost-circulation barrier in productive reservoir zones, as it avoids any permanent 
damage to the plugged zone from insoluble materials. 
 

 

Avoiding and controlling shallow gas 
High-resolution geophysical surveys, including high-frequency seismic techniques, can readily detect 
the presence of shallow gas accumulations. By identifying and avoiding high-risk areas based on the 
interpretation of such surveys, drilling sites can be selected with a low risk of encountering shallow gas 
during the drilling operations. 
 
In areas exposed to shallow gases where it is not possible to move the drilling location sufficiently to 
avoid them, it is necessary to follow a carefully customized well design. The steel casing and cement 
sheath needs to be run and pressure tested close to the top of the risky layer to secure the wellbore 
down to that depth point. Drilling out of that casing shoe directly into the shallow gas zone enables the 
drill crew to be prepared with well control responses appropriate for controlling shallow gas kicks. 
 

Wellbore management and human resources 
A comprehensive maintenance program with regular inspections, certifications of all vulnerable 
equipment is an essential component of best drilling practices. Moreover, timely replacement of the 
tools that are more prone to fatigue and damage can minimize the risk of equipment / tool failures that 
have the potential to exacerbate loss of well control during drilling operations [24, 29]. Any 
inefficiencies or defective components in the BOP systems used in oil and gas wellbores can have 
irreparable consequences. It is therefore essential to ensure that the operation of these systems is 
demonstrated to be reliable at all times [30]. Continuous training and implementation of periodic 
simulated tests also play an important role in reducing the damage potentially caused by human error 
or complacency. Situation awareness of the rig operations crew needs to be maintained at a high level 
of awareness to ensure the highest possible safety standards are applied to all drilling operation [31, 
35]. 
 

Regular periodic “BOP Drill” maneuvers to ready for instant reaction  
One of the most effective ways to reduce the catastrophic damage and costs of wellbore blowout 
hazards is to train drilling rig personnel to rapidly diagnosis well control hazards. Such skills are best 
learned through the regular drilling and emergency response simulations and exercises. In such 
exercises and routine BOP tests the entire drilling team becomes better aware of the hazards and their 
specific roles in emergency situations. Successful rapid response needs to be well coordinated and 
motivated with good management commitment and direct involvement. 
 

Case study of blow out control in an onshore well 
This case study of a significant blow out event describes its causes and the responses taken to eventually 
control it.  There are many lessons to learn from this serious incident. It occurred in 2010 and was 
provisionally described at that time [32-33]. It occurred in an onshore well in western Iran and is 
considered here from the perspective of technical and safety measures adopted to control the fire 
caused by an explosion of the escaping hydrocarbons. In particular, the lessons to be learned regarding 
fire response and control experiences associated with this event are assessed. 
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Naft Shahr oil field location 
The Naft Shahr oil field is located 100 km northwest of Ilam, 225 km southwest of Kermanshah and 60 
km from Qasr Shirin (Fig. 2). This oil field was discovered in 1923 with the reservoirs located in a 
prominent anticlinal structure. At present, the Naft Shahr field is the only oil field being produced in 
Kermanshah province. It contains approximately 692 million barrels of crude oil resources with 
substantial natural gas resources within its gas cap. This field is of special importance because it shares 
a reservoir with an adjacent Iraqi oil field. A blowout and explosion occurred in well Naft Shahr#24. 
 

 
Figure 2 - Geographical location of Naft Shahr oil field in Western Iran. 

 

Description of the blow out in well # 24 
The event occurred beginning on May 29, 2010, during the drilling operations within the 12 1/4" hole 
at a depth of 615 meters (Fig. 3).  The section was being drilled with a high density (140 PCF) drilling 
fluid to overcame with the high pressure evaporite layers within the Gachsaran formation (the cap rock 
to the reservoir). The drilling crew was suddenly confronted with a complete loss of return flow of 
drilling fluids. This was soon followed by rapid inflow of gas due to the failure of an uncased formation 
containing shallow gas (i.e., unexpected cap rock zone above the known Asmari reservoir zone 
developed and produced for many decades). 
 

 
Figure 3 - Naft Shahr #24 wellbore schematic identifying the blowout depth in a gas zone at 615 m depth within 
the Gachsaran cap rock (visualized from reference [32]). 
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Once the zone in the cap rock Gachsaran formation became fractured by the high hydrostatic head of 
the drilling fluid in the wellbore, the return flow of the mud to the surface ceased. As the fluid level 
dropped in the well gas from the formation rapidly reduced the hydrostatic head within the annulus 
zone of the wellbore. The intensity and rapidity of the gas invasion into the wellbore meant that the rig 
crew had little time to react to control the well and failed to respond quickly enough to do so.  A large 
explosion occurred as rapidly upward migrating gas reached the surface via the wellbore annulus. This 
explosion killed the rig-floor tool pushers, the driller and his assistant, as they were belatedly attempting 
to activate the BOP system through manual handwheels after the became aware that the automated 
hydraulic BOP system had failed. In a very short space of time, the flames completely engulfed the 
drilling rig and a huge volume of hydrocarbons erupting through the wellhead continued to feed the 
fire spread across the surface site without interruption (Fig. 4). The temperature of the fire across the 
surface site reached 600°C, making it impossible for fire fighters to approach. 
 

 
Figure 4 - View of explosion and fire engulfing the drilling rig and surface site of Naft Shahr #24 well in May 2010. 

 
Firefighting teams were dispatched to the well site shortly after the incident was reported. Massive 
uncontrollable influx of gas prevented the fire control teams from making close approaches to the fire 
and hindered their assessment for selecting an appropriate fire control method. The well engineering 
and fire control teams decided to attempt two methods simultaneously: 1) attempting to kill the well 
from above through the wellhead; and, 2) kill the blowout in the subsurface directly into the problem 
zone by drilling relief wells. Due to the high temperature and the presence of molten steel and large 
pools of spilled hydrocarbons across the surface site, the initial focus was to attempt to kill the flow of 
gas in the subsurface. Two drilling rigs were deployed to drill relief wells from nearby existing well sites 
(Fig. 5) at distance of 600 m and about 1 km away from the Naft Shahr #24 well. The objectives of the 
two directional relief wells were to reach the subsurface wellbore trajectory of Naft Shahr #24 and kill 
the flow of gas into it by injecting heavy drilling fluid from the relief wells. 
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Figure 5 - Two drilling rigs located on existing nearby well sites in the process of drilling directional relief wells 
towards the trajectory of the Naft Shahr #24 well (surface site seen burning) in attempts to kill the flow of gas 
from the problematic. 

 
 
Simultaneously, while the directional relief wells were being drilled, firefighting crews made an attempt 
to approach the fire on the surface site by creating a cooling umbrella spaying water pumped under 
pressure to reduce the ambient temperature of the area surrounding the burning zone. One of the 
biggest challenges in this area was removing a large amount of destroyed and melted equipment from 
the rig structure. In order for the blowout control team to approach the wellhead it was necessary to 
direct flames of the fire to a greater height. This was achieved by installing a 56-inch conductive exhaust 
pipe equipped with stinger. Several trial-and-error plans were trialed to design and install an effective 
exhaust pipe system with an appropriate stinger geometry to achieve leak-free placement around the 
wellhead. Finally, after 38 days, one of the directional relief wells reached the trajectory of Naft Shahr 
#24 wellbore. This enabled the problem well to finally be killed in the subsurface by injecting heavy 
mud into it via the relief wellbore. The amount of water and mud consumed for controlling the blowout 
in this well were 7800 and 6300 bbl, respectively. 
 

Safety experiences and hazards in the surface killing process of well # 24 
Although time is of the essence in controlling wellbore fires in order to avoid burning and wasting large 
quantities of gas and the emissions and pollution that causes, safety considerations should not be 
underestimated. In the case of shallow gas blowouts, closing the well is typically not a reasonable option 
for well control, because the increased back pressure on the drilled formations in the shut-in wellbore 
will cause the weak surface formations to fracture and fail. In the Naft Shahr #24 blowout incident there 
were additional special conditions to take into account, including gas leakage from surface fractures in 
the ground surrounding the wellhead. Extremely high temperatures, reaching about 600°C near the 
blazing well posed very high risks to any firefighting team attempting to closely approach the fire. In 
addition, there was a risk of injury from burning debris and potential surface-site explosions associated 
with attempts to implement a top kill method through the well head. In addition to the four-rig crew 
killed in the initial explosion, ten surface personnel and including some firefighters were injured by the 
ensuing fire. Some of those injuries were assessed to be influenced by insufficient experience the safety 
department staff in adequately taking control of the burning site. 
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Lessons learned from the Naft Shahr #24 blowout  
• Update and maintain rapid warning systems on the drill floor to detect gas kicks, 

• Inspect, maintain and test of blow out preventer systems regularly, 

• Establish emergency procedures for controlling shallow gas kicks, 

• Retain exhaust pipes and stinger systems for rapid deployment to rig fires, 

• Conduct regular drill crew training and rapid response exercises of the well control teams. 
 
In case of structural damage to the building facilities around the well, environmental methods of re-
construction can also be taken into consideration as well [59-66]. 
 

Conclusions 
To improve the safety performance of gas and oil drilling operations with respect to effective response 
to kicks and preventing well blowouts, it is essential to conduct regular and adequate training of drill 
rig and well site crews concerning blowout hazards and how to respond rapidly to prevent them or 
mitigate their impacts.  Appropriate response and prevention equipment need to be available and 
regularly maintained and tested to ensure that it is effective. Also, access to all emergency equipment 
should be easy. These basic measures can and do substantially reduce injuries, damage, spill and 
emissions. More studies are required to improve the control procedures of well blowouts from the 
surface well head when such incidents develop into surface fires. Current top-hole methods expose 
emergency response personnel to high risks of injury. The bottom-hole approach to killing a well in the 
subsurface, at the problem formation, by drilling relief well(s) is effective but takes substantial time to 
deploy rigs and drill to the affected subsurface location. 
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Nomenclature 
BOP = Blow Out Prevent 
DWOP = Drill the Well on Paper 
PCF = Pound per Cubic Feet 
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bbl = Barrel 
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