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Figure 66 shows that the gas production rate increases until August 2020. This is because 

Alve is allowed to produce at its potential. After 2020, the production from Alve dies, due to 

low reservoir pressure.  

 
Figure 66 - Gas production for the Norne FPSO (optimized case compared to base case) 

 

In Figure 67, the oil production rate for the Norne FPSO RC-model is shown. The case where 

the production is optimized (red line) is compared with the base case. The cumulative oil 

production in the optimized case is reduced with approximately 247 000 Sm3, compared to 

the base case. 

 
Figure 67 - Oil production for the Norne FPSO (optimized case compared to base case) 
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An overview of how much the cumulative oil production for each of the satellites fields have 

increased or decreased, compared to the base case, is shown in Table 17. 

 
Table 17- Overview over the reduction and increase in cumulative oil production for the different satellites 

  Cumulative oil production 

Wells Base case [1000 Sm3] Optimized case  [1000 Sm3] Difference  [1000 Sm3] 

RC-model 33000 32754 -247 

        

Norne 11000 10795 -205 

Alve 1492 1570 78 

Urd 3264 3142 -122 

Skuld 16436 16436 0 

Marulk 888 888 0 

Total diff     -248 

 

 

Note that the total reduction in the cumulative oil production for the RC-model is equal to 

the total reduction for all the satellites (blue numbers).  

 

The reduction in the cumulative oil production for Norne is less than the reduction gained 

when using Guide Rates on the wells B1 and E3 in the stand-alone model (reduced with 

281 000 Sm3, see Figure 53).  

The explanation lies in the limitations applied to the models. In the stand-alone model, 

Norne were given a water rate limitation of 15400 Sm3/day. In the RC-model, Norne is 

under control of the field. This allows Norne to produce more than the 15400 Sm3/day, 

depending of the capacity of the water treatment plant. 
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PART VI 

DISCUSSION 
 

 

             

             

             

             

             

             

             

             

             

             

             

             

   

 

 

In Part VI, Discussion, there will be an evaluation about the limitations and weaknesses 

regarding the models used in this thesis.  

There are uncertainties related to the simulation models, which may influence the 

simulation results. These uncertainties will also be discussed.  
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6.1 DISCUSSION OF THE SIMULATION RESULTS 

The results from the RC model indicate that it is possible to constrain the water production 

on Norne, minimize the gas lift on Urd, and at the same time maintain the oil production 

rate (See subchapter 5.3).  

To say something about the validation of the simulation results, the weaknesses and 

limitations of the models used needs to be discussed. 

6.1.1 WEAKNESSES OF THE SIMULATION MODELS 
 

When evaluating the simulation results, uncertainties related to the stand-alone models 

needs to be taken into consideration.  

Three main uncertainties need to be discussed further: 

 

i) Water cut on the Norne main field.  

 

The water cut gained from the Norne stand-alone simulation model is slightly different 

from the water cut observed in the field.  However, since the water cut from all the wells is 

relatively high, the difference is not believed to have a huge influence on the simulation 

results. 

 

ii) Gas lift on Urd. 

 

In the simulation model, each well is assigned a gas lift of 250 000 Sm3/day, to keep the 

wells producing.  In reality, this number is lower. There are uncertainties regarding the 

effect of gas lift, in the Urd stand-alone simulation model.   It is unknown whether the effect 

of injecting one additional cubic meter of gas into the Svale wells, in the simulation mode, 

will reflect the effect observed in reality. 

 

The gas lift rate used in the Urd stand-alone model should be consistent with the reality. 

This number will influence the available capacity on the gas process plant when the gas lift 

is set to a minimum, and thereby influence the additional amount of gas Alve is allowed to 

produce. 

 

iii) Closing an Urd producer 

As seen in Figure 33, the liquid production for Urd increases when well G1 dies. Closing G1 

has not been tested in reality, but it seems rather unlikely that closing one producer will 

lead to an increase in the liquid production rate for the field.    
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6.1.2 LIMITATIONS OF THE RC MODEL 

There are some weaknesses regarding the use of RC-models. It is not believed that these 

weaknesses will influence the validation of the simulation results, but it is rather important 

to understand these limitations when using the model.  

First of all, not all facilities that Eclipse provides are applicable on a RC model, and 

Schlumberger will not guarantee that all the facilities in Eclipse can be used on RC models 

in the future (Eclipse Technical description).  Among these are the Gas Lift Optimization 

Facility and the Priory Option. 

Recall that for the Priority Option, the user has the opportunity to turn wells on in 

decreasing order of priority (See subchapter 3.3.2).  The master reservoir is not directly 

connected to the individual wells in the Slave Reservoirs, so it does not have the authority 

to shut or open wells in the slaves.  

There are also limitations regarding global rate targets applied to a RC-model. These targets 

cannot be met exactly.  The master apportions a rate target among the master Groups, 

based on each group’s flow capability at the start of the time step. The flows from the slaves 

are reported at the end of the time step, and this could lead to a significant error from the 

target rate, if the flow rate in the slave group changes during the master’s time step. One 

way to handle this problem is to decrease the master run’s time step.  

6.2 VALIDATION OF THE SIMULATION RESULTS 
 

It is important to question and be critical to the results gained from a simulation model, and 

compare the simulated production rates with what is actually observed in the field, using 

production data and well tests.  

As seen in this chapter, there are some limitations related to the models used to build the 

RC model. The simulation results have indicated trends that have never been observed in 

reality, for example an increase in the liquid rate when Svale well G1 is shut. 

Since the models used do not reflect the reservoirs entirely, the simulated results should be 

handled with care. 

In order to minimize the mentioned uncertainties, future improvements related to the 

stand-alone simulation models should be done. 
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PART VII 

CONCLUSION 
 

 

             

             

             

             

             

             

             

             

             

             

             

             

   

 

 

In Part VII, Conclusion, the most important elements gained from this thesis will be stated. 

This includes the advantages and disadvantages of using a RC model, the main results from 

the sensitivity analysis, the best method of choking the production on the Norne main field, 

and the simulation results from the RC-model. 
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7.1 THE MAIN CONCLUSIONS 

The main focus in this thesis has been to optimize the hydrocarbon production of the Norne 

FPSO, within the available capacities of the existing facilities. For this purpose, a RC-model 

was build.  Using this model has both advantages and disadvantages.   

It makes it possible to dynamically calculate the THP pressures for reservoirs producing to 

the same flow line, prioritize the usage of the processing plants, between the fields that are 

using the same facilities, and make combined production plots.  

The main drawback is that many Eclipse facilities, such as Prioritization and Gas lift 

Optimization, are not applicable to a RC-model. 

The simulated hydrocarbon production on the Norne FPSO was optimized in two ways. 

First, the production on Norne was choked.  Both the use of Priority Rules and the use of 

Guide Rates have indicated that choking the wells with the highest water cut will lead to the 

highest recovery of oil.  

Secondly, the simulation results have indicated that prioritizing the usage of the gas process 

plant, between fields that are using the same facilities, can give a higher gas production rate. 

The results from the RC-model indicate that it is possible to constrain the water production 

on Norne, minimize the gas lift on Urd, and in the same time maintain the total oil 

production rate.   

The main uncertainties regarding the simulation models used have been discussed.  

First, the water cut gained from the Norne simulation model differs slightly from the water 

cut observed in the field. It is not believed that this difference has a huge influence on the 

simulation results.  

Secondly, it is not believed that the effect of injecting one additional cubic gas into the Svale 

wells, in the Urd simulation model, is reflecting the reality in a good way. This may influence 

the simulation results. 

Thirdly, the simulation results have indicated that closing a Svale well will lead to an 

increase in the liquid production. This positive effect of closing a well seems rather unlikely. 

This has shown that it is important be critical to the results gained from a simulation model, 

and compare it to what is observed in the field. 

Above all, this thesis has intended to show, that it is important to employ a good production 

strategy to optimize the hydrocarbon recovery.  
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NOMENCLATURE 

A – User defined coefficient 

B - User defined coefficient 

C - User defined coefficient 

D - User defined coefficient 

E - User defined coefficient 

F - User defined coefficient 

FPSO – Floating Producing Storage Offloading 

G- User defined coefficient 

g - Gravity  

GLIR – Gas Lift Injection Rate 

GOPR – Group Oil Production Rate 

GOR – Gas/Oil Rate 

GPR – Gas Production Rate 

GPT – Gas Production Potential 

GRwat – Guide Rate (water) 

H - User defined coefficient 

H - height 

LPR – Liquid Production Rate 

Nom. - Nominated 

NPD – Norwegian Petroleum Directorate 

OPP – Oil Potential Production 

OPR – Oil Production Rate 

OPT – Oil Production Total 

OWR – Oil/Water Ratio 
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PDO – Plan for Development and Operation 

POT - Oil Potential 

Qg – Gas Potential 

Qo – Oil Potential 

Qw - Water Potential 

R1 - Oil /Water Ratio, from potentials 

R2 – Gas/Oil Ratio, from potentials 

RC – Reservoir Coupling 

SM3 – Standard Cubic meter 

THP – Tubing Head Pressure 

WC – Water Cut  

WOPP – Well Oil Potential Production 

WPR – Water Production Rate 

WPT – Water Production Total 

ρ – Symbol for density 

 

Units used 

  Unit Symbol 

Giga 1000000000 G 

Mega 1000000 M 

Kilo 1000 K 
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APPENDIX A  

COMPARISON OF OIL PRODUCTION RATES 

Appendix A consists of plots where the oil production rates from the stand-alone models 

are compared with the production rates form the RC-model. 

Figure A 1 shows the comparison of oil production rate between the Alve stand-alone 

model and the RC-model. 

 
Figure A 1 - Comparison of oil production rate between the Alve stand-alone model and the RC-model 

Figure A 2 shows the comparison of oil production rate between the Dompap stand-alone 

model and the RC-model. 



 

II 

 

 
Figure A 2 -  Comparison of oil production rate between the Dompap stand-alone model and the RC-model 

Figure A 3shows the comparison of oil production rate between the Fossekall stand-alone 

model and the RC-model. 

 
Figure A 3 - Comparison of oil production rate between the Fossekall stand-alone model  and the RC-model 

 

Note! The Marulk profiles are entered manually in the schedule section, in the master data 

file, and does not have a own stand-alone model. 
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APPENDIX B  

CHOKING THE PRODUCTION – ECLIPSE METHODS 
 

B.1 CHOKING THE WELL WITH THE HIGHEST WATER PRODUCTION RATE (WELL B1) 

When well B1 is choked, the liquid outtake in the Tofte formation is reduced, and the 

pressure in the formation increases. This leads to an increased liquid production rate for 

the Ile-wells. The trend where the water production increases, while the oil production 

stays the same, can also be shown for group PM and PD2, see Figure A 4 - Figure A 7 . 

Group PD2 

 
Figure A 4 - Oil production for group PD2 (Well B1 choked) 
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Figure A 5 - Water production for group PD2 (Well B1 choked) 

 

Group PM 

 

 
Figure A 6 - Oil production for group PM (Well B1 choked) 
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Figure A 7 - Water production for group PM (Well B1 choked) 

B.2 CHOKING THE GROUPS PB1 AND PD2 USING THE FRACTION METHOD 

The water production rate and the total water production for group PD2, that is given a 

water limitation of 2000 Sm3/day from the 1st of July, 2016 is shown in Figure A 8. 

 
Figure A 8 -Water production rate for group PD2 (Fraction method) 
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The water production rate for each well in group PD2 is shown in Table A 1. Note that the 

fraction for each well is the came before and after the choking (blue numbers). 

Table A 1 -Water production for the wells in group PD2 (Fraction method) 

  Water production rate   Water production rate   

Well Before choking Fraction After choking Fraction 

Tot. 2032   2000   

K2 1028 0.51 1029 0.51 

K3 1003 0.49 971 0.49 

D4 1 0.00 1 0.00 

 

 

B. 3 CHOKE THE PRODUCTION USING GUIDE RATE ON WELLS (WELLS B1 AND E3) 
 

The wells in group PD2 are assigned water production rates, according to their Guide Rates, 

see Table A 2.  

Table A 2 - Water production for the wells in group PD2 (Guide Rates Groups) 

  Guide Rate Fraction of  
Water rate 
[Sm3/day] 

Fraction of  

Wells from formula total Guide Rate 
After 

choking 
water 

production 

Tot. prod. 552   1500   

K1 382 0,69 1037 0,69 

K4 171 0,31 320 0,31 

D4 0 0,00 0 0,00 
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APPENDIX C  

TIME BETWEEN PRIORITY NUMBER CALCULATIONS  

The priority option gives the user the opportunity to decide how often the well potential for 

each well is calculated. To see how the chosen number affects the cumulative oil production 

for å group, a sensitivity analysis is done. Three cases are studied, where the time interval 

between well priority calculations is:  

 every time step 

 every 100 days 

 every 300 days 

 

Every time step 

How the different wells are choked back when the priority number is recalculated every 

time step, is shown in Figure A 9. 

 

 
Figure A 9 - The water production for the wells in group PB1, priority number recalculated every time step 

Since the oil potential are quite similar for two of the wells in the group, calculating the oil 

potential at every time step, leads to oscillations with some wells switching on and off. 
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Every 100 days 

How the different wells are choked back when the priority number is recalculated every 

100 days,  is shown in Figure A 10.  

 

 
Figure A 10 - The water production for the wells in group PB1, priority number recalculated every 100 days 

Every time the oil potential is recalculated, a new well is choked back. The explanation 

could be that the oil potentials are quite equal. 

 

Every 300 days 

How the different wells are choked back when the oil potential is recalculated every 300 

days, is shown in Figure A 11.  
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Figure A 11 -The water production for the wells in group PB1, priority number recalculated every 300 days 

How the chosen number affects the cumulative oil production for the group, is shown in 

Figure A 12. 

 
Figure A 12  - The cumulative oil production for group PB1 (Change in time between the priority calculations) 

In this case, the total production of oil is the same, regardless if the user calculates the oil 

potential at every time step, or every 300 days.  The only thing that changes is which wells 

that are producing at a given time.  
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APPENDIX D 

ACTIONX ROUTINE 
This Appendix shows the script used in the Eclipse data file, in the Urd Slave in the Coupled 

model, to minimize the gas lift on Urd in the Coupled model. This example shows how it is 

done for the Svale well G1 in 2012. This routine was also applied to the wells G2 and G4 and 

routine was repeated in September each year.  

 

DATES 

1 'SEP' 2012 / 

/ 

 

 

ACTIONX 

ACT10 1 /  

WMCTL 'G-1H' > 0 / 

/ 

 

WCONPROD 

     'G-1H'      'OPEN'      'GRUP'  5000.000  2*   6000.000  1*     50.000     30.000    5 50000.000  5* / 

 / 

ENDACTIO 

 

 

DATES 

3 'SEP' 2012 / 

/ 

 

ACTIONX 

ACT13 1/  

WMCTL 'G-1H' = 0 / 

/ 

WCONPROD 

     'G-1H'      'OPEN'      'GRUP'  5000.000  2*   6000.000  1*     50.000     30.000    5 60000.000  5* / 

 / 

ENDACTIO 

 

 

DATES 

5 'SEP' 2012 / 

/ 

 

ACTIONX 

ACT16 1 /  

WMCTL 'G-1H' = 0 / 

/ 

WCONPROD 

     'G-1H'      'OPEN'      'GRUP'  5000.000  2*   6000.000  1*     50.000     30.000    5 100000.000  5* / 

 / 

ENDACTIO 


