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Summary 
 

This report documents the comparative environmental life cycle assessment (LCA) of a well 

drilled with the CAN-ductor drilling technology and with the conventional drilling 

technology. The comparison is based on the setting, drilling, and casing operations for the 

Kathryn production well. The two well drilling technologies are assessed based on the system 

descriptions provided by Repsol and Neodrill. Results of the LCA study are reported in terms 

of eight environmental impact categories. The analyses show that the CAN-ductor drilled well 

offered up to 31% lower environmental impacts compared to the conventionally drilled well. 

The lower impacts stem primarily from reduced drilling time. The CAN-ductor type well 

technology avoids disposal of top hole cuttings, which reduces the disposal of cutting to the 

sea bed. Furthermore, reducing disposal of cuttings offers environmental benefits beyond 

those that could be quantified in the LCA analysis; the reduction of cuttings disposal is 

beneficial for benthic ecosystems that are sensitive to being disturbed by the turbulence caused 

by cuttings disposal. In addition to the environmental benefits, the CAN-ductor type well 

offers advantages with respect to cost, use of tools and special equipment, cement service crew, 

logistics, transport, and HSE aspects.  
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Preface 
 

This LCA study was conducted by Asplan Viak AS on behalf of Neodrill AS. The analysis was 

performed based on technology information provided by Repsol and Neodrill and on pre-

existing data that model offshore oil and gas operations on the Norwegian Continental Shelf 

(database by Asplan Viak).  
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1. DOCUMENT INFORMATION 

 

This report documents the comparative environmental life cycle assessment (LCA) of the 

Kathryn well with a CAN-ductor drilled (drilled by Repsol Norge AS) and the equivalent well 

with the conventional technology. The simplified LCA analysis is based on information about 

the Kathryn drilling well (provided by Repsol and Neodrill) and on pre-existing inventory 

data that model offshore oil and gas operations on the Norwegian Continental Shelf (database 

by Asplan Viak).  

This report is structured as follows. Chapter 2 goes through the goal and scope of the study. 

Chapter 3 presents the results of the analysis. Chapter 4 offers a short discussion of the 

findings. Finally, chapter 5 concludes the study.   
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2. GOAL AND SCOPE 

2.1. Goal 

The goal of this simplified LCA study is to quantify the environmental impacts associated with 

the Kathryn CAN-ductor drilled well, and to compare its impact to the equivalent 

conventional alternative. Note that the conductors differ in the two cases, and this is what will 

cause differences in environmental impacts. Because the conductors place slightly different 

requirements to the subsequent 17 ½” well section, the study also examines this well section.  

2.2. Functional unit 

LCA studies are performed using a functional unit. The functional unit is a quantitative 

measure that should be representative of the function that the analysed product or system 

fulfills. In comparative studies, the functional unit forms the basis of the comparison. Thus, in 

comparative studies one must make special care to choose a functional unit objectively to 

ensure an unbiased analysis. The functional unit used in this study is “the setting of a 

conductor and the drilling and casing operations for the subsequent 17 ½” section well”.  

2.3. System description 

The study is based on well geometry data and descriptions for the well sections as provided 

by Repsol and Neodrill. The model includes all inputs for the scenarios describing the 

conductors (both conventional and CAN-ductor) and subsequent 17 ½” section well. These 

inputs include drilling and supply vessels, energy, and casing materials as well as the 

production, installation, removal, and maintenance operations of the CAN-ductor unit. Figure 

1 illustrates the considered well architecture with conventional (left) and CAN-ductor (right) 

technologies.  

 

Figure 1 Well architecture with conventional and CAN-ductor 

The offshore well location is about 140 km from the onshore mobilization port. The well is 

situated about 100 m below sea level and the drilling well is about 1 115 m deep. The text 

below further describes the two different well drilling technologies. 
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2.3.1. Conventional well drilling technology 

For the conventional well drilling technology, there are two main stages: (1) drill a 42” top hole 

and install a conductor and (2) drill a 17 ½” well section and install a 13 ⅜” well casing profile. 

In this analysis, rig time operation was defined to have a duration of seven days.  

The first step, referred to as spudding, includes drilling a top hole and installing a conductor. 

This process takes three days (average for this operation). During spudding, a 50 m deep 42” 

top hole is drilled with the use of sea water. In addition to transporting cuttings out of the 

well, the drilling fluid cools down and lubricates the drill bit, stabilizes the well walls, and 

maintains down-hole pressure. Once the cuttings have been transported out of the well, they 

are deposited on the sea bed. It is assumed that the 42” top hole cuttings have a disposal 

volume of 0.89 m3/m, which results in a total disposal of 45 m3 of cuttings. Once the cuttings 

have been removed by circulating clean, a conductor made of approximately 49 tons of steel 

is placed inside the top hole. Thereafter, the annulus between the open hole and the conductor 

and the inside ‘’shoe track’’ is filled with cement to keep the conductor in place. The cement 

has a total volume of about 36 m3, including 200% excess to ensure intended fill-up to sea bed 

on the conductor outside. Once cured, the cement inside the conductor is drilled out by a fit 

for purpose bottom hole assembly (BHA). The removed cement is also discarded on the sea 

bed in the same way as ‘unused’ excess volume.  

The second stage takes about four days. To start with, an approximately 1 065 m deep 17 ½” 

well section is drilled. It is assumed that the 17 ½” well section has a disposal volume of 0.16 

m3/m, which results in a total cuttings disposal of 165 m3. These drill cuttings are also pumped 

to the sea bed and discarded there. To transport the cuttings to the sea bed, sea water is used 

as drilling fluid. Once the cuttings have been removed, a 13 ⅜” well “surface casing” including 

the 18 ¾” wellhead is installed. The approximately 1 060 m long casing made of around 114 

tons of steel is cemented in place. The cement has a total volume of about 205 m3.  

2.3.2. CAN-ductor well drilling technology 

For the Kathryn well, there were also two main stages: (1) install the CAN-ductor unit at the 

sea bed and (2) drill a 17 ½” well section and install a 13 ⅜” well casing profiles. The rig time 

operation took four days.  

With the use of the CAN-ductor, one avoids the need to drill a top hole, installing a conductor, 

and the use of drilling fluid. Thereby avoiding disposal of cuttings and leaching of heavy 

metals.  

Prior to rigging, the CAN-ductor unit was installed on the sea bed. The CAN-ductor unit is 

made of nearly 70 tons of steel. The unit was transported to the offshore location by the 

installation vessel Olympic Commander. It was assumed that the CAN-ductor unit is used in 

one well, and then transported back to shore for maintenance. During maintenance, the 

equipment is washed with a pressure washer and repainted. Both production and 

maintenance of the CAN-ductor takes places in Stavanger. The unit has an assumed lifetime 

of five wells. Thus, the Kathryn well was ascribed ⅕ of the impacts associated with production 

of the CAN-ductor unit as well as one round of maintenance.  

The second stage takes four days. First, an approximately 1 115 m deep 17 ½” well section is 

drilled. It is assumed that the 17 ½” well section has a disposal volume of 0.16 m3/m, which 

results in a total cuttings disposal of about 173 m3. The drill cuttings are pumped to the sea 
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bed and discarded there. Thereafter, the 13 ⅜” “well surface” casing is installed. The casing is 

approximately 1 100 m long and made of about 119 tons of steel. As the use of the CAN-ductor 

reduces the need of cement, only about 53 m3 of cement was used for installation of the well 

surface casing.   

2.4. Inventories and modeling 

The inventory modeling and impact calculation was done using the SimaPro software1. 

SimaPro is the most commonly used software for LCA worldwide and allows for continuous 

and subsequent revisions and investigations.  

In an LCA study, one typically distinguishes between foreground and background data. The 

foreground data is collected for a specific study and describes the system in question, while 

the background data is generic data from a database. The foreground data in this study was 

based on information provided by Repsol, while the background data was based on the 

Offshore Drilling Model and the ecoinvent databases. The Offshore Drilling Model was developed 

by MiSA (now Asplan Viak) and consists of generic data for offshore oil and gas processes. 

The ecoinvent database was developed and maintained by the Swiss Centre for Life Cycle 

Inventories. The ecoinvent database is constantly expanding and is to date the World’s most 

extensive database for conducting LCAs. The database contains nearly 15 000 datasets in many 

areas such as energy supply, transport and fuels, chemicals, construction materials, wood, and 

waste treatment2.  

2.4.1. Assumptions regarding rig time 

Based on data from the well drilling and casing operations of the CAN-ductor drilled well, a 

rig time of four days was estimated. Based on this data and average data for spudding, it was 

estimated that the rig time for an equivalent conventional well would be seven days. The text 

below details the assumptions regarding impact factors and fuel consumption that were used 

to calculate the impacts associated with rig time.  

The impact factors for diesel are based on generic data from the Offshore Drilling Model. The 

impact factor per m3 of diesel includes diesel (840 kg), lubricating oil (2.41 kg), and a part 

(6.64x10-6) of the production of the diesel-electric generating set, as well as emissions to air. 

The emission factors per m3 of diesel are listed in Table 1. 

Table 1 Impact factors per m3 of diesel burned in diesel-electric generating set on rig  

Impact category Unit Emission factor (per m3 diesel) 

Climate change kg CO2 eq 3 173 

Human toxicity kg 1,4-DB eq 117 

Particulate matter formation kg PM10 eq 21 

Terrestrial acidification kg SO2 eq 39 

Freshwater eutrophication kg P eq 0.09 

Marine eutrophication kg N eq 2.4 

NOx kg NOx 61 

SOx kg SOx 4.5 

                                                      
1 For more information visit https://simapro.com/ 
2 For more information visit https://www.ecoinvent.org/about/about.html  

https://simapro.com/
https://www.ecoinvent.org/about/about.html
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Note that the impact factors for diesel, lubricating oil, and the production of the diesel-electric 

generating set stem from the ecoinvent database.  

The diesel consumption is based on generic data from the Offshore Drilling Model. The model 

assumes that 38.1 m3 of diesel is burned per day in a diesel-electric generating set on the rig.  

To calculate the impact due to rig time, the Simapro software uses Equation 1: 

                                                                      I =IFfuel  × Cday  × D                                                Equation 1 

where I is the calculated impact, IFfuel is the impact factor of the fuel, Cday is the consumption of 

fuel per day, and D is the number of rig days.  

In this report, eight environmental impact categories are considered. Below follows an 

example of how Equation 1 can be used to calculate the emissions of greenhouse gases 

contributing to climate change for the CAN-ductor rig time: 

Climate change = 3.173 ton CO2-eq/m3 × 38.1 m3/day × 4 days = 484 ton CO2-eq 

By using the same equation, one can also calculate the emissions from the conventionally 

drilled well: 

Climate change = 3.173 ton CO2-eq/m3 × 38.1 m3/day × 7 days = 846 ton CO2-eq 

Similarly, the other environmental impacts associated with rig time can be calculated by using 

Equation 1 and the impact factors provided in Table 1, the stated fuel consumption, and the 

number of rig days.  

2.4.2. Limitations 

As simplifying assumptions, certain processes have been omitted from the analysis: 

• Sea water used as drilling fluid for drilling operations (for both CAN-ductor and the 

conventional well)  
• Loading, handling, and transfer operations for the CAN-ductor unit at storage as well 

as maintenance facilities prior to deployment, receipt, and during maintenance 
operations are omitted and assumed to be negligible relative to total system emissions 

2.5. Environmental impacts 

This report considers a range of different environmental impact categories that were deemed 

the most relevant for the studied technologies. The impacts were calculated using the ReCiPe 

characterization method3 and include: 

• Climate change: the aggregate impact from greenhouse gas emissions; measured in 

CO2-equivalents 

• Human toxicity: including respiratory, toxic and carcinogenic routes of health damage; 

measured in 1,4-dichlorobenzene (1,4-DCB) equivalents  

• Particulate matter formation: formation of fine particles up to 10 um in diameter, 

which may cause health problems of the upper respiratory tract when inhaled; 

measured in PM10 equivalents 

                                                      
3 For more information visit https://www.rivm.nl/en/life-cycle-assessment-lca/recipe  

https://www.rivm.nl/en/life-cycle-assessment-lca/recipe
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• Terrestrial acidification: air emissions (mainly SO2, NOx, and NH3) leading to 

acidification of soils; measured in SO2-equivalents 

• Freshwater eutrophication: nutrient enrichment through P in freshwater bodies; 

measured in P-equivalents 

• Marine eutrophication: nutrient enrichment through N in marine water bodies; 

measured in N-equivalents 

• NOX: nitrogen oxides produced from incomplete combustion and a precursor to smog 

and acidification 

• SOX: sulfur oxides produced from combustion of sulfur-containing fuels, such as coal 

and oil, and is a contributor to acidification 

Note that the impact characterization methods used in ReCiPe do not include all 

environmental effects from drill cuttings released to the offshore environment. The current 

LCA study is limited to addressing leaching of geomobile metals to the environment and the 

associated toxicity effects to marine ecosystems. Deposition, turbidity, and toxicity effects due 

to fine particulate matter need therefore be quantified using other approaches.  

The CAN-ductor unit reduces the quantity of drilling cuttings compared to the conventional 

drilling well. More importantly, it can eliminate disposal of cuttings on the sea bed. 

Consequently, it prevents the leaching of heavy metals and potentially harmful turbulence for 

sensitive benthic ecosystems. While this offers an environmental benefit, it is not fully 

captured in the study due to the lack of characterization methods within the ReCiPe method.   
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3. IMPACT ASSESSMENT RESULTS 

This chapter presents the results of the main analysis and briefly considers other benefits that 

the CAN-ductor unit may offer.   

3.1. Main results 

This section presents the main results of the analysis. The environmental impacts of both the 

conventional and the Kathryn CAN-ductor well are presented in Table 2 and the contribution 

analysis is presented in Figure 2.  

Table 2 Environmental impacts for the conventional and the CAN-ductor well drilling technologies and the 

comparative impact reduction offered by the CAN-ductor drilling well technology. 

Impact category Unit 
Conventional 

well 
CAN-ductor 

well 
Comparative impact 

reduction 

Climate change ton CO2 eq 1 379 947 -31 % 

Human toxicity ton 1,4-DB eq 270 226 -16 % 

Particulate matter formation ton PM10 eq 6.6 4.7 -28 % 

Terrestrial acidification ton SO2 eq 12 8.8 -24 % 

Freshwater eutrophication ton P eq 0.21 0.18 -13 % 

Marine eutrophication ton N eq 0.72 0.53 -26 % 

NOx ton NOx 17 12 -27 % 

SOx ton SOx 2.0 1.8 -9.1 % 

 

The conventional well drilling technology had higher environmental impacts in all categories 

compared to the CAN-ductor well drilling technology. Across the different environmental 

impact categories, the CAN-ductor well drilling technology offered an impact reduction of 

9.1 – 31%. The largest impact reductions were found for climate change (31%), but impact 

reductions were also high for particulate matter formation (28%), terrestrial acidification 

(24%), marine eutrophication (26%), and NOX emissions (27%). Moderate impact reductions 

were found for human toxicity (16%), freshwater eutrophication (13%), and SOX emissions 

(9.1%).  

The contribution analysis in Figure 2 shows the relative impact contribution from various 

processes compared to the environmental impact of the conventional drilling well. The 

contribution analysis provides insights to the processes’ importance with respect to the 

environmental impacts and illustrates the differences in impacts between the two well drilling 

technologies. For the conventional well drilling technology there were three main contributors 

to the environmental impacts: rig time (blue), well casing (grey), and cuttings to sea bed (red). 

For the CAN-ductor well drilling technology there were six: rig time (blue), well casing (grey), 

cuttings to sea bed (red), production of the CAN-ductor unit (dark green), installation and 

removal of the CAN-ductor unit (green), and maintenance of the CAN-ductor unit (light 

green).  
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Figure 2 Contribution analysis for conventional and CAN-ductor well drilling technologies. Impacts shown 

relative to the conventional case total for each impact category. 

In both relative and absolute terms, drilling time and well casing were important contributors 

to overall environmental impacts for both technologies. The CAN-ductor well drilling 

technology had lower impacts associated with drilling time and the well casing compared to 

the conventional well drilling technology. While the CAN-ductor well had additional impacts 

associated with production, installation and removal, and maintenance of the CAN-ductor 

unit, these impacts were low enough to keep the total impact of the CAN-ductor well lower 

than that of the conventionally drilled well.  

For the conventional well drilling technology, drilling time and well casing were responsible 

for 99 – 100% of its total impact, while disposal of cutting was responsible for the small 

remainder. Note that the environmental effects of releasing cuttings to the marine 

environment were not fully captured in this study as the ReCiPe characterization method does 

not quantify these effects. Thus, the environmental effects of disposing cuttings on the sea bed 

is underestimated.  

Drilling time and well casing contributed to 66 – 83% of the environmental impact of the CAN-

ductor well drilling technology across impact categories. The drilling time was three days 

shorter for the CAN-ductor well drilling technology compared to that of the conventional 

technology. This reduced the need for combustion of fossil fuels during operation, which also 

cut the associated emissions (see section 2.4.1 for impact calculation in terms of climate change 

for rig time). The CAN-ductor drilling technology also reduced the need for well casing 
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materials compared to the conventional drilling well. Consequently, the impact associated 

with the production of steel was somewhat lower compared to the conventional well. More 

importantly, there is not any requirement to cement the casing to the surface when the CAN-

ductor unit is supporting the surface casing. Consequently, the impact associated with the 

production of clinker for cement was significantly lower compared to the conventional well. 

The reduced need of cement was the primary cause of the lower well casing emissions. The 

production of the CAN-ductor unit contributed to 0.7 – 17% of the total environmental impacts 

of the CAN-ductor drilling technology. The CAN-ductor unit consist of about 70 tons of steel 

and this caused particularly high effects on human toxicity and freshwater eutrophication. The 

installation and removal of the CAN-ductor unit contributed to 2.2 – 28% of the total impact 

of the CAN-ductor drilling well. A large share of these impacts was caused by the combustion 

of fossil fuels during the installation and removal processes. Maintenance of the CAN-ductor 

unit caused minute impacts. The CAN-ductor well drilling technology lowers the disposal of 

cuttings to the sea bed, which reduces the leaching of heavy metals to the marine environment. 

Furthermore, reducing disposal of cuttings offers environmental benefits that could not be 

captured in this study due to the lack of characterization methods; the reduced disposal of 

cuttings is beneficial for benthic ecosystems that are sensitive to being disturbed by the 

turbulence cause by disposing the cuttings.  

3.2. Benefit estimate 

Using the CAN-ductor drilling well technology offers several benefits, some of the main 

benefits are summarized in Table 3. Further benefits are discussed below the table.  

Table 3 Comparison of differences in required supplies and corresponding climate change impacts 

  Physical quantities Climate change impact (t CO2-eq) 

 Conventional well CAN-ductor Conventional well CAN-ductor 

Rig time (days) 7 4 846 484 

Steel (ton) 163 133* 266 254* 

Casing cement (m3) 241 53 265 58 

Cuttings discharge (m3) 210 173 - - 

*Assuming that the CAN-ductor unit has a lifetime of five wells 

 

In addition to the benefits listed in Table 3, the CAN-ductor unit offers several advantages for 

the conductor section. The unit eliminates rental and use of tools and special equipment, as 

well as transport and handling of these. Furthermore, it cuts cost and transport requirements 

associated with cement materials and cementing crew services for conductor installation, 

which is also beneficial from an HSE perspective.  
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4. DISCUSSION  

In this section, we discuss two aspects pertaining to the analysis. First, we evaluate how the 

two drilling technologies can reduce their environmental impacts. Second, we consider 

various uncertainty aspects in the analysis.  

4.1. Impact reduction potentials 

The largest impact contributions stemmed from rig time and well casing. Thus, reducing the 

environmental impact of these two contributions holds the greatest potential for reducing the 

overall impact for both well drilling technologies.  

The impact associated with rig time stems primarily from the combustion of fossil fuels. 

Reducing the rig time and combustion of fossil fuel, can consequently reduce the 

environmental impact. The impact reduction potential from reducing the drilling time can be 

observed in Figure 2 where the CAN-ductor well has significantly lower impacts due to a 

shorter drilling time (four days) than the conventional drilling well (seven days). For both 

drilling technologies, reducing the rig time can result in lower emissions.  

The impact from the well casing stemmed primarily from the use of steel and cement. 

Therefore, reducing these material requirements is the most effective measure to reduce the 

environmental impact. Reducing the amount of materials required for well casing can result 

in reduced emissions for both well drilling technologies. However, reducing the use of steel 

and cement can prove challenging as it is a function of the well depth.  

4.2. Uncertainty  

This section considers uncertainty aspects in the inventory modeling of the two technologies 

in a qualitative manner.  While it is desirable to have high quality inventory data for all 

components, this is not always obtainable. Before making any conclusions about the analysis, 

the uncertainty of the inventory components should be evaluated. A qualitative assessment 

of the inventory quality is provided in Table 4. 

Table 4 Qualitative assessment of inventory quality 

Component  Summary of approach  Quality  Importance  Comment  

Well casings 
Standard casing and 
cement weights 

High Large Cement volumes from client 

Rig time General drilling vessel High Large 
May be highly variable 
depending on actual rig used 

CAN-ductor 
production 

Unit geometry and 
client data 

High Medium-little   

CAN-ductor 
installation and 
removal 

Generic vessel and 
equipment data 

Medium-high Medium   

Cuttings treatment Generic process Medium Little   

CAN-ductor 
maintenance  

Unit surface area Low Little 
Rough estimates of surface 
renewal and cleaning 
requirements made 
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Most of the inventory data in this study were deemed to be of high or medium quality. More 

importantly, the two components with the highest importance in terms of environmental 

impacts (i.e. well casings and rig time) are of high inventory quality. As these two processes 

are modelled with high certainty and are common to both technologies, any uncertainty in the 

modeling of the two alternative technologies is unlikely to affect the main conclusions drawn 

in this study.  
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5. CONCLUSION 

 

The goal of this LCA study was to quantify the environmental impact associated with the 

Kathryn CAN-ductor drilling well and compare its impact to that of a conventional drilling 

well. The Kathryn CAN-ductor drilling well offered up to 31% lower environmental impacts 

compared to the conventional drilling well. The impacts were mainly lower due to the reduced 

rig time and need for well casing materials. The results have a relatively high confidence as 

the inventory quality of the most important components are high.  

In addition to the quantified benefits in the LCA analysis, the CAN-ductor well drilling 

technology offers further environmental benefits and advantages. In particular, cuttings 

reduction enabled by the CAN-ductor technology reduces the disturbance of benthic 

ecosystems that are sensitive to the turbulence caused by disposing of cuttings to the sea bed. 

Furthermore, the CAN-ductor well drilling technology offers advantages with respect to cost, 

use of tools and special equipment, cement service crew, logistics, transport, and HSE aspects. 

In conclusion, the use of the CAN-ductor well drilling technology offers several environmental 

benefits and advantages compared to the conventional drilling technology.  

 


